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TRANSLATOR'S PREFACE

I HAVE gratefully to acknowledge the several helpful reviews upon Vol. I.

of this translation.

It has been suggested ^ that it would have been better not to have

used eruptive as synonymous with igneous, but rather with volcanic.

That is a suggestion which many would urge. The authors, however,

whose views I am representing, actually use eruptive. Moreover, this term,

in association with sedimentary as counterpart, is common among both

British and American authorities. Geikie, for instance, in his Text-Book

of Geology gives eruptive undoubted preference over igneous, and, accord-

ing to him,^ the eruptive rocks include both the plutonic and the volcanic.

It appeared to me also that in discussing ore -deposits the term

eruptive assisted in conveying the idea of the part played by material

coming upwards through the crust. The term sedimentary, its counter-

part, similarly conveyed the idea of settlement upon the crust. In these

two words we therefore have the magmatic and meteoric sources of ore-

deposits suggested. The term igneous, properly speaking, should have

aqueous for counterpart, these two terms suggesting the elements fire

and water respectively, a suggestion less pertinent than the one above.

F. L. Ransome regrets the confusion in the English and American

terms for the principal oxidized zinc ores. To avoid this confusion I have

adopted a suggestion by Prof. Cullis, and described these ores as zinc

carbonate and zinc hydrosilicate respectively, and the mixture of the

two as zinc oxidized ore.

I have at times been doubtful whether the expression ' payable ' in

connection with ore-deposits should be continued, or whether profitable

or workable should not be substituted. Of these two alternatives, how-

1 Mining Magazine, Vol. XII. p. 114. 2 Page 719.
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vi OEE-DEPOSITS

ever, the former appeared to me more applicable to an enterprise than

to an ore-deposit. Moreover, profit is an indefinite term and one which

Rickard felt compelled to eliminate from his definition of ore.^ I there-

fore have not used its derivative.

Workable, similarly, seemed to raise the question as to whether the

dimensions of the deposit, physically speaking, allowed it to be worked.

It appeared more appHcable therefore to beds of coal or ironstone, where,

the whole material of the deposit being the valuable commodity, size

was the primary factor. Where, however, as with most metalliferous

deposits, content is the factor first to be determined, it becomes pertinent

to use a term suggestive of relative content. Pay and its derivatives

have been used in this connection for generations, not only colloquially

but also in monographs and technical papers. Pay-streak, pay-gravel,

pay-shoot, etc., are expressions which have received the sanction both

of long usage and authority ; so also is payable ; while payabihty

conveniently expresses the ability to pay the cost of working, at least.

All these terms are found in Murray's Oxford Dictionary, payable

being defined as follows :

1. Of a sum of money, a bill^ etc. . . .

2. Mining (in active sense) ; of a mine, a bed of ore, a vein of metal, etc.:

That can be made to pay, or yield adequate return for the cost of working
;

capable of being profitably worked.

Rickard, who otherwise discountenances the use of payable, says of

this dictionary :
^ " The Oxford Dictionary is the ultimate authority

in our language. It is the function of a dictionary ... to record the

words that have, after probation, found a place in our language."

Accepting a suggestion of Prof. Henry Louis that flucan was a

doubtful rendering of Gangtonschiefer, I have in this present volume

translated that word as lode-slate. This material is the altered, crushed,

and sometimes ore-impregnated slaty material occasionally found in the

lode-filling. Speaking generally, it might be considered as included in

the more frequent term fault-rock.

Flucan I have taken to be an occurrence rather than a material,

and to be the equivalent of Lettenkluft, which literally means clay-fissure.

The term flucan formerly covered two things— namely, the clayey

material found in fissures, and the clay-filled fissure itself. In this

1 Mining Magazine, Vol. X. p. 257. 2 Trans. I.M.M. Vol. XIX. p. 589.



TRANSLATOR'S PREFACE vii

work the clayey material I have described as gouge, and the clay-filled

fissure as a fiucan.

The expression clay-parting I have used for a clay-filled fissure parallel

to the bedding or to the walls of a deposit.

SaJilband I have translated as lode-wall or, more simply, wall when

speaking of a lode.

In Vol. I. I translated Grahen and Horst as tectonic depression and

tectonic elevation respectively. In this volume I have used subsidence

and uplift, though perhaps trough-subsidence and block-uplift would

be more expressive.

These two volumes, I. and II., form the complete work on ore-deposits.

The third volume necessary to conform to the title, " The Deposits of the

Useful Minerals and Rocks," has, so far as is known, not yet appeared.

I take pleasure in acknowledging my indebtedness to Miss M. B.

Handy for many suggestions and for relieving me of countless details in

this translation.

S. J. TRUSCOTT.

London, Sej)!. 1915.
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THE YOUNG GOLD-SILVER LODES

The lodes belonging to this group for the greater part carry both gold

and silver ; more seldom they carry either gold or silver ; while some-

times they carry silver and lead. It is characteristic of them, and especi-

ally of the largest and richest, that they occur in geologically young and

chiefly Tertiary country, in association with numerous intrusions of eruptive

rock, between which rock and the deposits both the closest connection and

the most obvious dependence exist.

In Europe, lodes of this character are met in the Carpathians and

along a mountain range near Cartagena in south-eastern Spain. The

lead-silver deposit of Pontgibaud in France, on the western side of the large

Tertiary eruptive area in Auvergne, may likewise be considered as belong-

ing to this group. It is however in the extensive Andes of Chili, Bolivia,

and Peru, in the mountain ranges of Mexico, in the Great Basin of the

United States and, continuing farther north, in the Sierra Nevada and

Kocky Mountains, that they have their greatest development. There they

do not end but are found to the north again, in Alaska.

Lodes of similar character are next met in Japan and then, farther to

the south, along the east coast of Asia, and in Sumatra, Borneo, Celebes,

and the Philippines.

This disposition of these deposits indicates a distribution coincident

with the geologically young momitain chains which, to the east and west,

border the Pacific. The Tertiary area of Hauraki in New Zealand, where

among others the famous Waihi gold-silver deposit occurs, is, so far as is

known, a disconnected and isolated occurrence.

It is of particular interest that lodes of this group do not occur in

those Tertiary ranges which have not to any extent suffered intrusion

by young eruptive rocks. The Alps and the Pyrenees, for instance, contain

no such lodes.

As already mentioned, ^ the young gold-, gold-silver-, silver-, and

silver-lead lodes are distinguished from the old gold-silver and silver-

lead lodes not only by their geological age and the association with

1 Ante, p. 185.
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young eruptive roclcs, but also by their association with certain alteration

zones of those rocks, the propylitization zone for instance, with which in

general they appear to be connected. It must be remarked, however,

that where no index to age is forthcoming the difference between the two

groups is not always pronounced, though mineralogically a preponderance

of sulpho-salts is in many cases characteristic of the younger group. When
therefore determining whether any particular lode should be placed in the

one group or in the other, no single criterion may be taken as decisive, but

the sum of all.

This division into a young and an old group, first proposed by F. v.

Richthofen,^ has since been adopted by many other authorities, such

for instance as Suess,^ Vogt,^ Lindgren, Ransome, and Spurr.

The Relation of the Young Silver-Gold Lodes to the Young Eruptive

Rocks.—The spacial and genetic connection between these lodes and

young eruptive rocks is observable in every district where such lodes

occur, whether the particular eruptives be of Miocene age, as they chiefly

are ; of Lower Tertiary, as they occasionally are ; or of Late Cretaceous,

as they are in isolated cases. The lodes occur preferably in volcanic

chimneys, the so-called ' necks,' but also in the country-rock immediately

adjacent. Less frequently they occur in portions of the eruptive farther

removed from the centre of extrusion.

The eruptive rocks concerned are in most cases andesite or dacite,

are often also rhyolite, are at times trachyte or even phonolite, but very

seldom are of basalt. Li districts where erosion has cut deep or where

mining operations have penetrated to greater depths than usual, these

rocks here and there show a normal granitic structure, indicating a con-

solidation under conditions productive of plutonic rocks ; such occur-

rences have been described in the Hodritz valley near Schemnitz, at the

Comstock, at Cripple Creek, etc.

While in the case of the tin- and the apatite lodes constant association

with acid and basic rocks respectively has been established, the young gold-

silver lodes show no such settled dependence, but maintain a close

connection mth an eruption as a whole, whereby they often occur associ-

ated ^^dth rocks of varied petrographical character, all of which however

must have been derived from one and the same stock magma.* Further-

more, although W. Moericke ^ with reference to the gold-, silver-, and

^ See Literature of Hungary and the Comstock.
^ Zukunft des Goldes, 1877, and des Silbers, 1892.
3 Zeit. f. prakt. GeoL, 1895, p. 485 ; 1898, p. 388.
* See the descriptions of Schemnitz-Kremnitz, Transylvania, Cartagena. Cripple Creek,

Goldfield, Tonopah, etc., which follow.

^ W. Moericke, Die Gold-, SUber-, xmd Kupferenlagerstdtten in Chile und Hire Ablidn-

gigkeit von Eruptivgestemen, Freiburg i. B. 1897.
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copper deposits of Chili found that the silver lodes as a rule were more

often connected with the basic rocks and the gold lodes with such as

were acid, no confirmation of this preference has elsewhere been observed.

The young silver- and gold lodes usually cross all the rocks belonging

to ne particular eruptive epoch, and their formation must consequently

be considered as belonging to a very late phase of the eruptivity. Here

and there a lode is found cut by still younger eruptives ; sometimes

also, as for instance at Schemnitz and at Pachuca, the lodes do not occur

in the youngest of the Tertiary flows present, these flows doubtless

belonging to a later eruptive epoch ; while in exceptional cases, as for

instance at Tonopah in Nevada, the different eruptive rocks contain

different lode-systems.

Hot sprmgs or gas exhalations of varied description are frequently

found in the neighbourhood of these lodes ; these are to be regarded as

the last efforts of an expiring eruptive activity. Li isolated cases

such sprmgs even occur in the lodes themselves, this occm"rence at

Comstock being well knowT;i. In that mine at a depth of 900 m. such large

amounts of water having a temperature of 75° C, were met, that further

mining operations were suspended. A similar hot spring broke mto the

Smuggler Union Mme at Telluride, Colorado, at a depth of 600 metres. At

Cripple Creek and Tonopah, as well as at Mazarron and Pontgibaud, the

miner has had at times to combat carbonic acid exhalations, though m the

case of Mazarron it is questionable whether these were of volcanic origin.

In some cases the close relationship between the ore occurrence and

volcanic phenomena is also suggested by a striking mcrease of the

temperature in depth, such increase being far above the normal. This

was the case at Comstock and at Tonopah.

Deposition of the Ore in Relation to the Surface.—As stated already, most

of the deposits belonging to this group were formed in Middle Tertiary

time. Since then erosion has lowered the surface, though naturally not

to the same extent as would have been the case if the deposits had been

formed at some more ancient period. In 1909 Ransome estimated the

depth eroded at Goldfield and, together with Lmdgren in 1906, that at

Cripple Creek, to be at most 300 metres. Although every district will

of necessity have its owai figure, it may be said that the above relatively

low figure affords some idea of such erosion in general.

Mmes belongmg to this group only m the rarest cases reach to depths

greater than 750 metres. Adding this figure to the depth eroded, it may be

said that these lodes are known to a depth which at the most is not more

than 1-25 km. below the surface existent at the time of then formation.

AVhen it is realized, for instance, that the silver mines at Kongsberg in

Norway have been exploited to an ecpivalent absolute depth of some



518 ORE-DEPOSITS

3-5 km., it is evident that the miiieralogical character of lodes of difierent

age may only be properly compared in relation to such absolute depths,

and not to present depths.

In many Tertiary lode districts, as for instance Goldfield in Nevada,

^

Cripple Creek in Colorado,^ Potosi in Bolivia,^ and Mazarron in Spam,* it

has been particularly remarked that the number of lodes at the surface is

much greater than at a depth of 400-500 metres. In the neighbourhood of

the present surface—that is, some hundred metres below that which existed

when the lode became formed —the ore in some districts occurs chiefly in

contraction fissures, while in greater depth proper tectonic fissures are the

rule. Moreover, even in districts where tectonic fissures alone occur the

same numerical decrease in depth may be observed. This phenomenon is

probably due to the greater resistance which in greater depth the rock

opposes to the fracturing forces.

Propylitization.—The country-rock of these lodes is almost invariably

more or less altered,^ such alteration, as indicated in Figs. 299 and 300,

often continuing for a considerable width. This is all the more striking in

that it is repeated faithfully in situations of the most varied geographical

distribution. It is an interesting fact also that this alteration is not

always accompanied by ore but, as illustrated in Fig. 305, it is also met

where the fissure is either entirely, or almost free from ore. Not only has

this alteration taken place in andesite, dacite, rhyolite, trachyte, phonolite,

syenite, and diorite, the rocks associated with the lodes, but it has also

been foimd in such rocks as have become involved by reason of their

accidental proximity to them. The Jurassic melaphyre at Boicza in

Transylvania has, according to Semper, sufiered in this manner ; and,

according to Lmdgren and Ransome, so also has the pre-Cambrian granite

of Cripple Creek.

As is well kno\Yn, the andesite of the Carpathians, altered in this

manner, was in the 'sixties regarded by F. v. Richthofen as an independent

eruptive rock which in his opinion was the oldest or first member of the

Tertiary eruptives and by him accordingly named propylite, a name since

retained to designate this altered rock, though it has long been estab-

lished that the rock originally so termed was no new primary species but

a secondary product.

Propylitization is not uniform in all districts. Propylite proper,

•—which according to Rosenbusch is a pathogenetic alteration particularly

of andesite or andesite-dacite—^is widely distributed. In its formation

the original rock became bleached, friable, and impregnated more or

1 Ransome, 1909. - Lindgren and Ransome, 1906.
=* Steinmann, 1910. * Pilz, 1905, 1906.
* Ante, p. 134.
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less with pyrite. In addition, new minerals were formed, chlorite, sericite,

calcite, and epidote, particularly
;

quartz, adularia, etc., often ; and kaolin

occasionally. In this connection it is interesting to note that many of the

white and clayey occurrences formerly regarded as kaolin, are, according

to more recent investigation, in reality sericite.

In process of propylitization the ferro-magnesian silicates, augite,

hornblende, biotite, etc., are decomposed earlier than the felspars. At

decomposition they provide the material for the secondary formation

of chlorite more particularly, but also of calcite, epidote, quartz, etc.

Pyrite occurs enveloping or enclosed within the ferro-magnesian silicates,

but often also in the place of original magnetite, the iron for its forma-

tion having been derived from original minerals, while the sulphur, as

sulphuretted hydrogen or as an alkaline sulphide, entered with the

mineralizing solution. The felspars are altered chiefly to sericite, though

calcite, epidote, quartz, kaolin, etc., are formed to a less extent. In the

case of dacite the quartz dihexahedra, in consequence of their greater

resistance, are occasionally found unaltered in the resultant propylite.

The following analyses serve to emphasize the difference between

propylitized and fresh rocks. Silica and alumina, where decomposition

is not extreme, are not greatly displaced. Some magnesia always,

and some phosphoric acid and titanic acid often, are removed. Lime

occasionally becomes dimmished, though often, on the other hand, in

consequence of the secondary presence of calcite, it is increased. Soda

suffers invariably. Potash, in consequence of the formation of sericite

or adularia, is generally increased, the increase being at times considerable.

Although propylite without exception contains a good deal of pyrite, the

total quantity of iron present is nevertheless usually less than in the

original rock.

The silica content, owing to the removal of various bases, is occasion-

ally found to be substantially higher. At tunes, not by the addition of

silica but by the removal of bases, a porous rock remains, consisting chiefly

of quartz. On the other hand, a considerable addition of silica result-

ing in the silicification of the rock sometimes takes place, as for instance

at the Csetatye near Verespatak in Transylvania. At Tonopah also, the

country-rock in the neighbourhood of the lodes is in places altered to

a rock consistmg chiefly of quartz with some sericite and adularia, while,

farther away, calcite and some sericite are the principal secondarily-

formed minerals.^

1 Spurr, loc. cit.

[Table
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in connection with the Comstock Lode, and by Bela v. Inkey in 1885 in

connection with the occurrence at Nagyag. Since then W. Lindgren in

a paper entitled Metasomatic Processes in Fissure Veins, ^ has discussed

this subject, and descriptions of separate occurrences have appeared

in recent years by Lindgren, Ransome, Spurr, etc., in connection with

the Cripple Creek, Goldfield, Tonopah, and other gold-silver deposits m
North America. Fmlayson also has contributed to the subject m
descriptions of Hauraki, New Zealand.

Besides propylite in the narrow sense of the term, there are in some

cases other similarly formed alteration products. Sometimes, for instance,

the decomposed rock on either side of a lode or fissure is remark-

able for its richness in sericite and calcite. Li other cases the

sericite is accompanied by kaolin ; in others again kaolin and alunite,

K20.Al203.4:S03.6H20, have become abundantly formed in the country-

rock. A recent paper by Ransome ^ and a special report upon the

Goldfield district ^ by the same authority, both deal fully with the

formation of this last-named mineral. From the analyses la and 11a

given below, and from determinations of specific gravity and of pore
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volume, it is calculated that 100 cc. of fresh rock on the one hand, and

of altered rock on the other, contain the weights of different minerals

given in columns 16 and 116 respectively.

The altered rock of which the chemical composition is given in

columns Ila and 116, is calculated to consist mineralogically of :

49-38 per cent Quartz.

23-99 „ Kaolin.

15-73 „ Alunite.

7-20 per cent Pyrite.

2-53 „ Water.
1-17 „ Undetermined.

In some samples the presence of diaspore was established.

The quartz-alunite rock forms at times pseudomorphs after primary

felspar. During the process of alteration some silica and alumina, very

much alkali, almost the whole of the lime and magnesia, and some iron,

are removed. The greater part of the iron however goes to the formation

of pyrite.^

Propylitization—-not only in the narrow sense of the term but includ-

ing also the alteration to sericite-calcite, quartz-kaohn-alunite, etc.—differs,

as Lmdgren conclusively demonstrated, essentially from surface-weather-

ing, and is of such a character as may only be satisfactorily explained by

the action of heated waters ascending in fissures. Such waters saturating

the!
I

shattered and often somewhat porous comitry-rock were at times

able to effect an alteration for distances as great as one kilometre or more

on either side of the fissure. With flat-lying lodes, as illustrated in Figs.

299 and 300, the hanging-wall is usually more highly altered than the

foot-wall, a result which expresses the endeavour of the solutions to take

the shortest route to the surface.

From the iron content of the origmal rock, and by the action of sulphur

contained in the heated waters either as sulphuretted hydrogen or as an

alkaline sulphide, practically without exception pyrite became formed.

The frequently observed abmidant formation of calcite and carbonates

postulates a content in carbonic acid which in many cases must have

been high, though in other cases this acid was absent or nearly so.

The mcrement of potassium, which occasionally is considerable, indicates

at times an equally considerable amount of that element in these heavy-

metal solutions. The secondary formation of alunite and selenite is due

to the action of sulphuric acid, this acid, accordmg to Ransome, having

presumably resulted from the oxidation of the sulphuretted hydrogen in

the solutions, by descending air. Under these conditions sulphurous acid

may also sometimes have been formed.

In many instances payable ore has been found in the propylite.

The Gangue-Minerals.—The most widely distributed gangue-mineral

in the young gold-, gold-silver-, silver-, and silver-lead lodes is quartz,

1 Postea, p. 549.
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which now and then is accompanied by chalcedony, and exceptionally by

opal ; calcite and dolomite generally occur to ' a less extent ; siderite

is found plentifully in some lodes in southern Spain, as for instance at

Mazarron ; barite is fairly common, though generally in but small amount

;

rhodochrosite is not uncommon, its occurrence ha^ang been particularly

remarked in Hungary, North America, Mexico, and Japan ; rhodonite

has similarly deserved particular mention at Kapnik, Verespatak, at

several places in Mexico, and in the Tertiary silver lodes at Butte,

Montana ; the occurrence of alabandite has been established at Nagyag,

Kapnik, etc. ; adularia occurs now and then ;
^ while zeolites seldom occur.

Fluorite in most districts is completely absent, both from the lodes as

well as from the propylitized country-rock, this being also the case with

the other compounds of fluorine and of chlorine, except such minerals as

cerargyrite, etc., the occurrence of which is limited to the oxidation zone.

This absence shows that, hke boron, fluorine and chlorine played little

part in the formation of the lodes here being described. The exceptional

occurrence of fluorite in the very rich telluride-gold district of Cripple

Creek, where the gaugue consists approximately of 60 per cent quartz,

20 per cent fluorite, and 20 per cent dolomite, is therefore all the more

striking. Some fluorite wath native gold and a little gold telluride is also

found in the quartz lodes of the Judith Mountains, Montana.^

Against this exceptional occurrence however, is the fact that fluorite

is absent both from the well-known Tertiary telluride gold mines of Transyl-

vania as well as from the important telluride gold deposits of Western

Australia ; there can therefore be no regular association of fluorine and

tellmium in the group of lodes bemg described. Further, the almost

complete absence of fluorine is a feature common to both the young and

the old gold lodes. In the case of the silver lodes, on the other hand, it

is worthy of remark that the occurrence of fluorite in the old lodes

is frequent, while in the young lodes it is either absent or present only

as an exception.

TJie Ores and the Relation between the Gold and the Silver.—In the old

gold lodes and the old silver- and silver-lead lodes the two precious metals

usually occur apart. Although silver in small amount is almost always

present in the old gold lodes, it is seldom that this amount is more than

one-fifth to one-third of the gold present. Similarly, any gold content with

the old silver- or silver-lead lodes is extremely small ; for instance, at

Kongsberg one part of gold is present for approximately 10,000 parts of

silver, and at Freiberg for 5000-10,000 parts.

^

^ Lindgren, ' Orthoclase a Gangue Mineral,' Amer. Journ. Sc. V., 1898 ; U.S. Geol.

Survey, 20th Ann. Rep., 1900.
2 Weed and Pirsson, V.S. Geol. Survey, 18th Ann. Rep. III., 1896-1897, pp. 445-614.

» Vogt, Zeit. f. prakf. Geol, 1896, p. 389.
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With the young gold lodes, on the other hand, it is often the case

that the two metals occiu: in such measure that both are of economic im-

portance. This is a feature of the occurrences in Hungary, of many places

in the Great Basin of the United States, in Mexico, South America, Japan,

Sumatra, and elsewhere. The relation between the two metals in some

of the Hmigarian mmes may be gathered from the following figures :

^

rNagyag, Muczari, Verespatak
™ 1 - r

Boicza
Transylvania J

^^^^
vKajanel, Main Lode
' Kreuzberg
Borsabanya
Nagyban3-a
Veresvir .

Felsobanya
Kapnik .

Alt-Rodna
Kremnitz
Schemnitz, average

,
Schemnitz, some lodes

Carpathians

One Part of Gold to
Parts of Silver,

about 1-0

1 •5-2-0

20-3-0
100
10-0

100-120
20-2-5
25-0-300
500-60-0

100-0

150-0
2-5-5-0

500
6-8

For occurrences outside of Europe the following figures are

illustrative :

Nevada

Colorado

Idaho
Japan
Sumatra

/ Comstock
\ Tonopah

I
Custer Co.

-! Clear Creek
I Rico Mountains
Owyhee .

Numerous lodes

Redjang Lebong

One Part of Gold to
Parts of Silver.

22-5

100-0
45-0

80-0

125-0

35-0

5-0-1000
10-0

In view of the variety of the relation between the two metals the lodes

of the young gold-silver group may for convenience of description be

divided as follows :

1. Gold lodes proper, containing little silver ; as for instance those of

Cripple Creek with 1 of gold to 0-1 of silver ; those of Goldfield

with 0-15 of sUver ; many other lodes in North, South, and

Central America, and in New Zealand, etc.

Gold-silver lodes, these being exceedingly well represented.

Silver lodes proper, these being well represented in Mexico, the

United States, South America, etc.

With some of the young gold lodes the gold in its primary condition

occurs either entirely, or to a large extent in the form of different compounds

of tellurium and gold. In this respect Nagyag in Transylvania, with

gold telluride exclusively and no primary native gold, is famous. On the

Vogt, Zeit. f. prakt. Geol., 1898, p. 388, and supplement.
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other hand, many of the lodes in Transylvania carry gold telluride together

with native gold, while most carry native gold with no gold telluride. Still

more important are the rich telluride lodes of Cripple Creek, Colorado,

including those of the Boulder district to the north and the Telluride

district to the south-west. Nevertheless, even in Colorado, in most

of the mining districts the lodes carry native gold only. Gold telluride

occurs also in the lodes of the Black Hills, Dakota. Although there-

fore in many places gold telluride plays a prominent part in the young

gold lodes, in the majority of cases the gold is either associated with

pyrite or it occurs native.

Aiuiferous telluride also occurs plentifully in Western Australia,

where however it has not yet been possible to state wath certainty the

age of the accompanying eruptive rocks.

Am'iferous gravels m association with the yomig gold lodes, as

will be fm'ther discussed when describing the occurrences in the United

States, play but a very small part.

Selenium occurs fairly plentifully at Tonopah in Nevada, where one

part of gold occm's for every 100 of silver ; and at Redjang Lebong in

Sumatra, where the silver content is ten times that of the gold ; while

it has also been observed in smaller amounts elsewhere. As already

stated,^ selenium and tellurium in this connection appear to mutually

replace one another. Selenium also occurs occasionally in the old gold-

silver lodes, as for instance in the gold-bismuth-selenium lodes at Fahlun.^

The silver occurs chiefly in the form of sulpho-salts, such as pyrargy-

rite, proustite, stephanite, polybasite, tetrahedrite, etc. ; or as argentite.

Native silver as a primary deposit also occurs here and there.

The gold- and silver minerals in these lodes are accompanied by pyrite,

chalcopyrite, sphalerite, galena, and often also by arsenic-, antimony-, and

bismuth minerals. In the young silver-lead lodes, auriferous galena is

naturally well represented. Nickel- and cobalt minerals are extremely

rare. The occurrence of tin in this connection is mentioned when

describing the lodes of Bolivia.

The minerals present with the young gold-silver lodes are in general

distinguished from those of the old lodes in that generally they include

proportionally more sulpho-salts and other arsenic- and antimony minerals,

and, exceptionally, even tin minerals.

Division into Sub-Groups.—According to the nature of the minerals

present the young gold-silver lodes may be divided into a number of

sub-groups. The following may thus be differentiated :

1. Telluride gold lodes with quartz, calcite, or dolomite, and much

fluorite ; as at Cripple Creek.

1 A?ite, 13. 83. - Atite, pp. 166, 314.
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2. Telluride gold lodes with calcite, rhodochrosite, quartz, etc.,

but 's\ith no fluorite ; as at Nagyag.

3. Lodes with both telluride and native gold in the same quartz

gangue ; as at Oiienbanya.

4. Lodes ^\'ith native gold but without telluride, yet generally vnih

some silver and small amounts of other ores. These are

chiefly quartz lodes characterized by ordinary propylitization.

Examples of such occur at Kremnitz, many in Transylvania,

in the United States, in Mexico, in South America, Japan,

Sumatra, etc. Some of these lodes carry selenium, when also

traces of tellurium are generally found.

5. Lodes \\ith native gold but without telluride, and with but

little silver or other ores
;

quartz gangue ; characterized by

the alteration of the walls to alunite and kaolin ; as at Goldfield

in Nevada.

6. Gold-silver lodes carrying the two metals in such proportion that

their values are roughly equal ; with but little galena, though

often some arsenic, antimony, etc. ; and with quartz as chief

gangue-mineral. The most famous of such lodes is the Com-

stock Lode of Nevada. At Tonopah, comparatively speaking,

much selenium occurs.

7. Gold-silver-lead lodes with the two precious metals having ap-

proximately equal value ; with much galena and other ores
;

and with quartz as the principal gangue ; as some lodes at

Schemnitz and elsewhere.

8. Silver lodes with little gold or galena ; with quartz again as

principal gangue-mineral ; as numerous lodes in Mexico and

elsewhere.

9. Lead-silver lodes with little gold but with much galena ;
with

quartz as chief gangue - mineral ; as several lodes in the

Schemnitz district and numerous occurrences in Mexico and

South America.

10. Galena lodes with a relatively low silver content—1-3 kg. per

ton—and practically without gold ; as at Mazarron in Spain,

where siderite is the characteristic gangue-mineral.

11. Silver lodes with relatively much copper, as at El Pasco in Peru.

12. Silver lodes with tin ores, as in Bohvia.

If in addition the relative abundance of calcite and barite were taken

into account, a still greater sub-division might be made.

Mineralogically and metallurgically all these sub-groups differ markedly

from one another in the relative proportions of gold, silver, lead, as well as
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copper, zinc, tin, etc. Too much importance should however not be

attached to this difference, because often in one and the same hmited district

the individual lodes may show considerable fluctuations in this respect, and
also because different sub-groups may occur quite close together. In this

connection the Schemnitz district is particularly interesting, though in

spite of all the variety in the sub-groups there present, it is probable

that all in their main features were formed by the same chemical-geological

processes.

It must further be added that the well-defined and geologically

allied groups occurring within one metal province often differ widely from

one another in their mineralogical and metallurgical relations. For
instance, the lodes in Transylvania with gold telluride, those with telluride

and native gold, and those with native gold without telluride but

with some silver, are quite distinct from one another. In the Schemnitz-

Kremnitz district where the two towns so named are situated but 25 km.
apart, the sub-groups Nos. 4, 7, and 8 are all represented. Similarly in

Colorado representatives of Nos. 1, 3, 4, 6, and 7 are found. The two
districts of Goldfield and Tonopah, though geologically so similar and but

45 km. apart, nevertheless differ materially in the proportion of gold to

silver, and in the alteration of the country-rock ; at Goldfield, No. 5 only,

with 1 of gold to 0-15 of silver, is represented ; at Tonopah, No. 6, with

1 part of gold to 100 parts of silver.

Instances of geologically, mineralogically, and metallurgically differ-

ing sub-groups occurring at small distance from one another or even in

close spacial connection, are numerous.

For these reasons, and unhke the Freiberg school and the text-

books of Beck and Stelzner-Bergeat, we have not based oiu: classifica-

tion upon the above-mentioned sub-groups, but have taken the view that

geological uniformity and relationship are more important factors, though
naturally at the same time the metal- and mineral combinations have
been given due consideration.

Primary and Secondary Depth-Zones.—Many of the Tertiary gold- silver

lodes are remarkable for their great richness, this having been strikingly

the case in North, Central, and South America. In the upper levels

particularly, enormous bodies of silver-, silver-gold-, and gold ores have

sometimes been found. With the silver lodes these bonanzas in the great

majority of cases represented local enrichment in the oxidation zone, when
to the happy circumstance of their occurrence was added the fact that such

silver ores were amenable to treatment by the simplest of metallurgical pro-

cesses. From such occurrences the fabulous amounts of silver produced by
Mexico, Bolivia, and Peru, in the sixteenth, seventeenth, and eighteenth

centuries, were derived. Enrichment in the cementation zone, otherwise so
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frequent, appears with these lodes to play but a small part. According

to Lindgren and Ransome, both of \Yhom were well acquainted with the

sulphide enrichment in the Butte district, a similar zone of enrichment is

wanting at Cripple Creek and at Goldfield ; while Steinmann, in reference

to the silver lodes at Potosi, Oruro, and El Pasco in South America,

remarks that these either have no cementation zone or one of but little

importance.

A large concentration of metal in the cementation zone demands

the presence of considerable quantities of sulphide ores to provide by

oxidation the ferric sulphate necessary to dissolve the gold, silver, copper,

etc. Such conditions are found with many deposits, but do not exist at

Cripple Creek, Goldfield, and other occurrences belonging to the young

gold-silver group.

Krusch, with respect to the lodes of Western Australia, observed that,

just as at Cripple Creek, the oxidation zone there ends immediately above

the primary zone, and he suspected that the absence of a cementation zone

in this case might be connected \Aith the presence of tellurium.

With many of those Tertiary gold- and silver lodes which were extra-

ordinarily rich at first, it was the subsequent experience that in the

primary zone and in depth the metal content diminished. This was

remarkably the case at Potosi in Bolivia,^ and with many other deposits

in South America and Mexico. At Cripple Creek also and at Goldfield,

an impoverishment of the gold began in depth as the primary zone

was entered. In several districts—Potosi, Cripple Creek, Mazarron, for

instance—it has also been particularly remarked that not only does the

number of lodes decrease in depth but also the amount of metal contained

per square metre upon the lode plane. In the very richest districts particu-

larly, the bulk of the metal appears to have been deposited at depths less

than 500 m. below the surface. Much of this afterwards became removed

by erosion, though at the same time a considerable portion migrated

downwards and was there retained. It is from such enrichments in the

oxidation zone that the tremendous quantities of silver were obtained.

Primary variation in depth has received expression in the case of some

of the richest of these lodes by obvious impoverishment as depth was

attained ; while in other cases it has been marked by the occurrence of

other ores. For instance at the El Pasco silver mine in Peru the copper

content materially increases in depth ; with many silver mines in Mexico,

etc., sphalerite, or sphalerite and galena increase in depth, while the

silver diminishes.

The valuable contents of these lodes are also often found concentrated

in ore-shoots, this having been particularly the case at Comstock.^ Such

1 Postea, p. 578. ^ Posiea, p. 529.
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accumulations of ore appear however to be primary ; whether secondary

processes contributed to their formation has not yet been established.

The Eco7iomic Importance of the Young Gold-Silver Lodes.—As dis-

cussed in a later section, these lodes have latterly yielded more than

one-half of the annual silver production of the world and roughly one-

fourth that of the gold. Figures of total production in the case of the

best known of these deposits are given below, in addition to which other

similar figures have already been given.

^

Potosi, Bolivia, since 1545, about 30,000 tons of silver, worth about

300 million sterling.

Guanajuato, Mexico, since 1558, about 15,000 tons of silver, worth

about 160 million sterling.

Zacatecas, Mexico, 1548-1832, about 14,000 tons of silver, worth

about 150 million sterling.

Comstock, Nevada, 1859-1902, silver and gold, worth about 77 million

sterling.

Cripple Creek, Colorado, 1891-1910, about 330 tons of gold, worth

about 46 million sterling.

Pachuca, Mexico, 1522-1901, more than 3500 tons of silver, worth

more than 31 million sterling.

Chanarcillo, Chili, since 1832, silver worth about 22 million sterling,

or according to other data about 60 million sterling.

St. Eulalia, Mexico, 1703-1890, silver, etc., worth some 27 million

sterhng.

Fresnillo, Mexico, from 1833 to 1863 only, 902 tons of silver, worth

some 8 million sterling.

Cripple Creek has of late years produced about 22 tons of gold, worth

about 3 million sterling, annually ; and Goldfield in Nevada, gold worth

about 1-5 million sterling. Tonopah in 1908 produced 223 tons of silver

valued at £900,000, and gold to the value of £340,000, making a total of

about £1,240,000. In 1877, when work on the Comstock Lode was at its

zenith, the total value of the gold and silver produced was about 7-5

million sterling.

The Relation to other Groujjs of Deposits.—The young gold-silver lodes

occur chiefly within volcanic vents and in the immediately surrounding

country-rock. They are characterized by an intense metamorphism of

that rock, and were deposited at no great depth below the surface. Such

is their geological circumstance.

The old gold-, silver-, and silver-lead lodes, on the other hand, represent

fissure-fillings unaccompanied as a rule by any such alteration of the

country-rock, though now and then a secondary formation of calcite and

1 Ante, pp. 202, 478.
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sericite quite difierent from propylitizatioii may be noticed. Fm'ther,

the considerable continuance of the gold- and silver content in depth

indicates that deposition took place at considerable depths below the

surface. The young and the old lodes therefore differ from each other

much as do the intrusive and the extrusive rocks, though no sharp

demarcation between the two exists.

With the young quicksilver deposits the young gold-silver lodes have

this in common, that both groups are connected with yomig and chiefly

Tertiary eruptions. In some districts the two groups occur in close spacial

connection ; the Mexican and Peruvian gold-silver- and quicksilver deposits,

for instance, are found in the same mountain ranges ; while the Comstock

Lode with its recent hot springs lies only some 9-10 km. distant from the

quicksilver deposits of Steamboat Springs.^ The young quicksilver

deposits not infrequently possess a small silver- or gold content," and

cinnabar has here and there been found in the young gold-silver deposits,

as, for instance, at Schenmitz, Nagyag, Cripple Creek, Goldfield, etc. No
deposits have however yet been found in which both gold-silver ore and

quicksilver ore occur together and of like importance, and the two groups

of deposit therefore, in spite of their common association mth young

eruptive rocks, are quite distinct.

The relation of the yomig gold-silver lodes to the copper lodes is

explained when describing the Butte district. There, in Tertiary granite

or quartz-monzonite, rich copper lodes ^^'ith one part of silver to 400

of copper occur associated with silver lodes, these latter having the same

character as those associated with flows and dykes.

The relations with, and differences between the silver-tin lodes of

Boh\ia and the ordinary tin deposits characterized by fluorine minerals, are

dealt with when describing the Bolivian lodes.

The same Tertiary eruptive rocks as those with which the young

gold-silver lodes are associated, have here and there also formed contact-

deposits, wherein as a rule auriferous and argentiferous copper- and lead-

zinc ores occur together with garnet and woUastonite. A very instructive

example of this is foimd at Offenbanya in Transylvania, this occurrence

being illustrated in Fig. 49. In this connection the silver-gold deposit of

Elkhorn in Montana, and others in Mexico, are deserving of mention.

Sometimes also metasomatic deposits occur in the neighbourhood of these

young eruptive rocks, such deposits being more particularly of lead, zinc,

and silver. Examples of these are found at Mazarron-Cartagena in Spain,^

and at several places in the United States.

Genesis of the Young Gold-Silver Lodes.—The spacial connection with

1 Ante, p. 467. - Ante, p. 458.

3 Postea, p. 547.
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Tertiary or sometimes late Cretaceous eruptives, the occurrence of hot

springs and gas exhalations at or near the lodes, and the propylitization

of the country-rock, justify, as has already been stated, the conclusion

that the deposition of the ore and gangue of these lodes took place

from heated waters closely associated with actual eruption. The con-

siderable width of rock observed at times to have suffered propylitization

indicates that these waters were present in considerable volume ; doubtless

therefore they contained the precious metals in great dilution. The minerals

present, and particularly the calcite, sericite, chlorite, epidote, kaolin,

and alunite of the propylitized rock, show that the solutions were chiefly

of an aqueous nature, and consequently that at the time of deposition

the critical temperature of water, 365° C, was not passed. It is interesting

to note in this connection that Lindgren and Ransome in 1906 estimated

the temperature of the waters from which the Cripple Creek ores were

deposited at 100'^-200°, and the pressure at about 100 atmospheres.

The secondary formation of pyrite observable everywhere in propylite

indicates in the solutions a sulphur content in the form of sulphuretted

hydrogen, alkaline sulphides, etc., while the frequent though not invari-

able occurrence of secondary calcite and other carbonates indicates that

carbonic acid must in many cases also have been present. That propor-

tionally much more lime and magnesia than alkali became removed dmiug

propylitization may be because the solutions usually carried alkahne

salts. In many cases a considerable addition of potassium has been

demonstrated to have resulted, indicating a not inconsiderable potassium

content for the particular solutions.

The formation of alunite, that is alunitization, is due to the action of

sulphuric acid, such acid having resulted from the oxidation of sulphuretted

hydrogen or alkaline sulphides ;
^ the presence of secondary selenite may

be similarly explained. On the other hand, the generally very sparing

occurrence of barite and celestine probably indicates that the solutions

originally, that is before such oxidation, usually contained but few

SO^-ions.

The generally complete absence of fluorite and other primary fluorides

and chlorides indicates either that the -ions of these halogens were absent

from the solutions, or that they were present in but small amount. The

exceptional occurrence of fluorite at Cripple Creek is explained by Lindgren

and Ransome not by the presence of free hydrofluoric acid, but by a small

amount of alkaline fluoride in the solutions ; sodium fluoride and potassium

fluoride attack lime silicates with the formation of fluorite which is

extremely difficult of solution in water.

By far the most important gangue-mineral is quartz, and the solutions

1 Ante, p. 522.

VOL. II C
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accordingly invariably carried silica, though it is not yet known in what

combination
;
probably it occurred as hydrated siHcic acid, H^SiO^, or a

soluble sihcate such as K^SiO^. With few exceptions the quartz is

exclusively deposited in the fissures and not in the metasomatically

altered country-rock, this fact indicating that the amount of sihca in

the solutions was generally comparatively low. Several authorities

—

Becker in his quicksilver monograph ^ and Lindgren and Ransome in

their paper upon Cripple Creek, ^—suggest that the sihca was present in

colloidal form, the rock walls then acting towards it as a semi-permeable

membrane, allowing it to diffuse with difficulty into the country-rock,

while the ordinarily -ionized salts were allowed a free entry. This view

however appears very questionable.

Some pyrite is always found in these gold-silver lodes though the

amount is generally low. It is sometimes accompanied by marcasite.

The iron content of the pyrite in the propyhte is derived chiefly, if not

exclusively, from the iron originally present in the rock ;
^ the amount of

iron contained in the solutions, in spite of the wide distribution of the

pyrite, was therefore probably quite low. The same may be said of the

manganese.

With many of these lodes the sulpho-salts, such as tetrahedrite,

pyrargyrite, proustite, stephanite, etc., occm" in relatively large amomit,

which may be because arsenic and antimony were present in the solutions

as alkaline sulpho-salts.

Resume of Foregoing Considerations.—Propyhtization and the nature

of the lode material together indicate that the solutions from which they

resulted originally carried, little sihca and iron
;
generally some carbonic

acid ; invariably much sulphur, either as sulphuretted hydrogen or alkahne

sulphide ; often much potassium ; and frequently sulpho-salts in appreci-

able amount. It follows therefore that they were either neutral or

alkahne, but not acid. The sihca accordingly probably entered the

fissures as an alkahne salt such as K4Si04 and not in the colloidal form.

The solutions naturally were very dilute and of different composition in

difierent fissures.

While the old lead-zinc-silver lodes often exhibit a crusted or combed

structure indicating that the solutions rising at different times were of

different composition, this structure is either absent from the young

lodes or is but seldom developed ; the constant or almost constant com-

position of the solutions in any one fissure thereby suggested, is in

harmony with the idea of a large volume.

1 Becker, ' Quicksilver,' U.S. Geol. Survey, Min. Resources, 1892, p. 156.

2 Lindgren and Ransome, Cripple Creek, 1906.

3 Ante, p. 522.
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Among other properties silver is soluble as nitrate, as double thio-

sulphate with alkah, and as double cyanide ^\-ith alkali, though such

solutions probably play Httle part in ore- deposition. Chlorides convert

silver salts into silver chloride, which is easily soluble in an excess of

the particular chloride, sodium chloride for instance ; this property in

particular cases may have been of great importance in the rldistribution of

the silver in the oxidation and cementation zones. It is probable, however,

that at the primary deposition of the silver in these lodes some other silver

compound was present, as the absence of chlorine minerals indicates that

chlorides were not well represented in the original solutions. Silver is

further soluble as sulphate, AggSO^ ; as AgHCOg, in carbonic acid water ;

^

and in an excess of ferrous salts, etc.

Gold is soluble in liquids containing chlorine ; in hydrochloric acid

when either chromic acid, selenic acid, antimonic acid, or arsenic acid

is present ; in bromine, alkahne cyanides, ferric sulphate, etc. Ferrous

sulphate on the other hand is a well-known precipitant of gold. As already

mentioned, the iron sulphates are of the greatest importance in the develop-

ment of the phenomena characteristic of the oxidation and cementation

zones. The solubihty of gold in alkahne sulphides as a double sulpho-salt

is interesting.^ Under the appHcation of high pressure gold is also soluble

in sodium- and potassium sihcates ; and at about 200° C, in moderately

strong sodium carbonate solution.^

In the solutions from which these lodes were formed the gold was

probably in very great dilution. The content in the lode material is only

in exceptional cases more than 50 grm. per ton, equivalent to 0-005 per

cent. If it be reckoned that the lode material amounts to 1 per cent of

the weight of the depositing solution, which is placing it high, then the

gold content in this solution would be 0-00005 per cent ; in all probability

it was even considerably less.

Concerning the nature of the solutions these were generally complex,

with many cathions and anions, while possibly colloids also were present.

In solutions of bicarbonates—and for gold, in those of alkaline sihcates and

alkaline sulpho-salts also—gold and silver may be present in appreciable

amount. From these solutions the silver would be precipitated chiefly

as sulphide, but also as a sulpho-salt ; the sulphide might be independent

silver sulphide or this sulphide contained in galena. The gold would be

extremely readily precipitated when the solutions came in contact with

pyrite or other sulphide ore,* which is doubtless the reason that pyrite

1 Ante, pp. 136, 219.
- G. F. Becker, Amer. Journ. Sc, 1887, XXXIIl. p. 199 ; Liversidge, loc. cif.

3 Bischof, Lehrbuch der chem. phys. Geol. 2nd edit. III. pp. 838, 843 ; Liversidge, Roy.

Soc, New South Wales ; Dolter, Monatsbericht, II. p. 149, etc.

1 Ante, p. 139.
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is so often auriferous. The precipitation of the gold as telluride may result

from reactions similar to those which precipitate silver, lead, etc., as

sulphides.

Though the above considerations relative to the deposition of the ore

in these lodes are well based, further synthetical experiments are highly

desirable in order to obtain a better idea of the conditions under which

such deposition took place.

The ultimate source of the gold and silver has been the subject of

discussion for many years. The theories of ascension, descension, and

lateral secretion, have already been discussed, ^ and are further dis-

cussed in a later chapter. With regard to the young gold-silver lodes it

must be emphasized that these were formed by the heated waters

circulating towards the close of that period of eruption which, generally

speaking, took place in Tertiary time. It is therefore to a certain extent

justifiable to consider that these waters together Anth their metal content

were derived directly from eruptive magma. With the advancing coohng

and crystallization of that magma the residual magmatic aqueous solutions

continued to become more and more charged with COo, etc., till as the final

stage of the eruption they issued as hot springs. These in their course

through the alreadv consolidated crust would supposedly take up certain

constituents, which would become more and more concentrated in them.

According to Lindgren and Ransome,^ the hot springs of Cripple Creek on

their way through granite existing in depth, took iip alkaline fluoride

from fluorite occurring within that granite, and deposited this again

as fluorite in the lodes above. In tliis way is explained the unique position

among the yomig gold-silver lodes, occupied by the gold occurrences of

Cripple Creek by reason of the fluorite they contain. It is not necessary

to assume that all the minerals found deposited in these lodes were derived

from the eruptive magma ; some material may more conceivably have

been derived by lateral secretion in the widest sense of that term ; and

some again by the leaching action of the waters along their course.

Hungary
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Peninsula. These hills, formed in Tertiary times, are arranged in a large

number of scattered groups in broken connection with one another.

The geological structure is as follows : the oldest crystalline rocks

form a number of isolated complexes surrounded to a large extent by

Triassic, Rhaetic, Jurassic, and Cretaceous beds, and to a less extent

by Devonian, Carboniferous, and Permian. Enveloping all of these is

an upland of undisturbed Tertiary beds with which, particularly within

the Carpathian circle, extensive young eruptive areas are associated.

The most important of these Tertiary eruptive areas are :

1. The district of Schemnitz-Kremnitz in the western portion of the

Carpathians.
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2. That ill the vicinity of Kaschau.

3. That in the neighbourhood of Ungvar.

4. That around Nagybanya, Felsobanya, and Kapnik, in the central

portion of the mountain chain.

5. The eastern portion of Transylvania near the Roumanian frontier.

6. The Transylvanian Erzgebirge.

Fig. 292.—Miij) of the more important Tertiary eruptive areas aud gold-silver lodes of

Hungary aud Transylvania.

Schm, Soliemnitz ; Kria, Kreninitz ; Nagyh, Nagybanya ; Fehob, Felsiibanya ; Kp, Kapnik ; Of, Offenbanya
;

V, Verespatak ; Z, Zalatna ; A', Xagyag ; B, Ruda ; Rh, Rezbanya. The dotted line represents the boundary
between mountain and plain.

Among the Tertiary eruptive rocks, andesite and dacite have the

widest distribution, after which come rhyohte, obsidian, and basalt, while

trachyte in the usual sense of this term, and phonohte, are absent. In

the deep-cut Hodritz valley near Schemnitz the Tertiary magma is seen

consohdated as an hyp-abyssal plutonic rock, diorite or grano-diorite.

For the district of Schemnitz-Kremnitz, H. v. Bockh ^ gives the following

eruptive sequence beginning vdih the oldest : pyroxene-andesite, diorite

1 Loc. cit.
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with grano-diorite, biotite-amphibole-andesite, and finally rhyolite. These

rocks formed together one connected outpouring of which the time of

maximum outbreak was Lower and Middle Miocene. Much vounser in

I
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the Pliocene ; and in Transylvania, from the Upper Cretaceous right

through to the Sarmatian.

The Hungarian gold-silver lodes are, spacially as well as genetically,

most closely associated with these young eruptives. The most important

mining districts are those of Schemnitz-Kremnitz, Nagybanya-Felsobanya-

Quartzite,

Fig. 294.—Map of tlie Schemiiitz district. J. Szabo, 1883. The wliite areas consist

preponderatingly of diflerent andesites.

], Oriiiier lode ; 2, Steijliaii lode ; 3, Johanii lode ; 4, Spital lode ; 5, Biber lode ; 6, Theresia lode
;

7, Brenner lode ; 8, Elisabeth lode ; K.l.v. basalt sheet on the Kalvarienberg.

Kapnik, and the Transylvanian Erzgebirge. The total gold and silver

production of Austria-Hungary since 1493, statistics of wliich year are the

earhest available, has been as follow^s :
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Of these amounts somewhat more than one-half of the silver and the

greater part of the gold were derived from the above-mentioned Hungarian

districts, from whence in addition during the eight years 1901-1908 fiuther

amounts of 137,161 kg. of silver and 27,930 kg. of gold were obtained,

of which latter amount 20,213 kg. came from Transylvania. These

Hungarian mines consequently during the period 1493-1908 produced

some 5000 tons of silver and roughly 500 tons of gold, beside which

many of them were worked at an earlier period, long before statistics

were instituted.

The silver production of Hungary decreased from 23,636 kg. in 1901 to

12,612 kg. in 1908. The gold production on the other hand has kept fairly

regularly between 3250 and 3500 kg. per year, some 2250-2700 kg. of which

come from Transylvania.

The Hungarian production during the year 1907 was contributed to

by the various districts as follows :
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PKocene : Basalt.

Diluvium and Alluvium.

In this neighbourhood post-volcanic effects are still represented by

solfataras, mofettes, fumaroles, and hot springs, these last often being

used as medicinal baths. The lodes traverse the older beds and the

Miocene eruptives, but not the basalt, than which consequently they are

older. They are roughly parallel to one another and have a north-north-east

strike, while the most important occur within an area about 12 km. long

and 10-11 km. wide. By far the greater number are foimd in andesite, only

a few being fornid in the Hodritz diorite and other rocks. In the adjacent

sandy and slaty sediments the fissures quickly spht up and disappear.

The lode material consists in greater part of quartz, in which numerous

highly propylitized fragments of the coimtry-rock are scattered. Com-
posite lodes appear frequently, indicating that the lode fissure had in

places been re-opened and re-filled repeatedly, the so-called Schemnitz

Blatter or layers being thus formed. Of these in any lode-system the

oldest are the ore-bearing quartzose layers, and the youngest the clayey

layers consisting of triturated and decomposed material and carrying but

Uttle ore. In this manner large lode widths reaching as much as 15-20

m. or more, were formed ; the payable width however is usually much
smaller, being generally between 1*5 m. and 5 metres.

The andesite on both walls is generally propyHtized for a width of

10-20 m. and occasionally for as much as 100 m., though in the Hodritz

diorite this alteration continues for but 5-10 metres. In addition, the

rocks in the neighbourhood of the lodes are much decomposed and

here and there even altered to a soft kaohn-hke mass. Sometimes also

siUcification of the country-rock may be observed.

As already mentioned, quartz is the most important gangue-mineral

;

it often occurs as the variety amethyst. Calcite, maugano - calcite

CaMn(C03)._,, ^^^ other carbonates ; some barite ; and some zeoHtes, are

also fomid. Fluorite is practically absent, this being also the case with

most of the other Hungarian young gold-silver lodes with the exception

of those at Kapnik-Felsobanya. The Zinojjel of the Schemnitz lodes is

an intimate mixture of quartz and specularite.

The most important ore-minerals are argentite, stephanite, galena,

polybasite, pyrargyrite, proustite, tetrahedrite, etc. ; less important are

sphalerite, pyrite, marcasite, and chalcop\T:ite. Native silver is occasion-

ally found as secondary moss or wire upon argentite, just as at Kongsberg.

Native gold is sometimes visible to the naked eye, though generally it is too

finely distributed' to be seen. Cinnabar, though seldom, does occasion-

ally occur. Stibnite, the occurrence of which at Kremnitz is so pronomiced,

I
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is at Scliemnitz practically absent ; while tetrahedrite, which at Kapnik

plays so important a part, is insignificant at Schemnitz. Secondary

minerals such as pyromorphite, cerussite, etc., are fomid in large amount.

The ore is practically free from nickel, cobalt, bismuth, and tin
;

arsenic is but poorly represented, though antimony, from the occurrence of

the sulpho-salts, is more abundant. A small amomit of copper is won as

a by-product in treatment. Sphalerite occurs in such small amount that

it cannot be separated by concentration.

The variabihty of the relation between gold, silver, and lead, is striking.

In this district no fewer than four sub-groups may be differentiated, these

being as follows :

1. Silver lodes containing stephanite, pyrargyrite, proustite, argentite,

polybasite, etc., mth a relatively low gold content and almost free from

galena. The gold amounts to abovit 10-14 parts per 1000 parts of silver.

Such lodes, as for instance the Alt Antoniostollen and the Einigkeit

lodes, occur in the Hodritz diorite, from which they continue into the

adjacent andesite. They carry quartz and some calcite and are mostly

from 0-25 m. to 3 m. in width.

2. The Griiner lode of quartz carrying silver ore fairly rich in gold,

but mth httle galena. In the upper levels the proportion of gold was only

some 12 parts per 1000 of silver, a proportion which in greater depth rose

to 140, the value of the gold being then substantiall)^ higher than that

of the silver. Although this lode is several kilometres long, the rich ore is

limited to certain shoots. At a depth of about 400 m. one such ore-shoot

was 200 m. long and 1-2 m. wide.

3. The Johann lode containing galena and stephanite chiefly and

characterized by the presence of Zinopel.

4. The Spitaler lode carrying galena chiefly, some sphalerite, and

but httle silver mineral, etc. Owing to the number of layers, the width of

this lode rises in places to 20 m., and exceptionally to 40 m., though

seldom more than 5 m. is payable. This lode in relation to the minerahza-

tion, the minerals present, and its brecciated structure, presents a striking

resemblance to some of the Clausthal lodes.

The lodes mentioned under groups 2, 3, and 4 occur chiefly in andesite.

At Schemnitz there are accordingly represented : lodes with silver

minerals but almost without galena ; lodes with auriferous silver minerals

and some galena ; lodes intermediate between the two foregoing groups
;

and finally, lodes in which galena preponderates and but little silver

or gold is contained. These are all more or less of the same age ;
in

any case no such sequence of relative age as is possible for instance at

Freiberg, can be established. Similarly, no rules concerning ore-shoots or

enrichment at junctions or intersections have been possible of formulation.
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The average ratio of the metals to one another in the Schemnitz

mines belonging to the Hungarian Crown, has of late been one part of

gold to 40-50 of silver, and one of silver to 80 parts of lead, these figures

pertaining to the ore won after the drop in the price of silver had caused

the lodes relatively rich in gold to receive greater attention.

Mining operations at Schemnitz are extremely old having presumably

been begun some time before the year 750. About the year 1600 there

were already more than 400 mines in operation. The Joseph II. Adit,

16,538 m. long, was begun in 1782 and finished in 1878. The mines have

now reached a maximum depth of some 700 metres. They employ 2500

miners. Since the fall in the price of silver at the commencement of the

'nineties they have been worked at considerable loss, the average yearly

loss during the period 1903-1907 having been about £46,000.

The auriferous c^uartz lodes of Kremnitz hkewise occur in propylitized

andesite. They too are often developed as composite lodes, reaching then

a width of 10-15 m., while the numerous simple lodes are generally but

1-2 m. \nde. The gold is seldom \asible to the naked eye. Among the

ore-minerals, pyrite and stibnite are common, while galena is almost com-

pletely absent. Operations in this district, which began in the twelfth

century or perhaps even before, have latterly declined to a considerably

smaller scale, recent figures of production having been only 27-46 kg. of

gold and 76-141 kg. of silver annually, that is, one part of gold to

2-5-3 parts of silver.

Nagijhamja, Felsobanya, and Kapnik belong to one and the same

eruptive area, which, as illustrated in Fig. 292, consists chiefly of andesite

and to a less extent of rhyolite. Felsobanya Ues about 9 km, and Kapnik

about 35 km. to the east of Nagybanya. In spite of these relatively

small distances from one another the nature of the ore at these three

places and the character of the lodes, differ considerably. At Nagybanya

the lodes consist chiefly of auriferous quartz with some silver minerals,

pyrargyrite particularly ; the production of late years has varied between

600-687 kg. of gold, 1219-1712 kg. of silver, and kit 6-10 tons of lead per

year ; the relation between gold and silver is as 1 of gold to 2-2-5 of silver.

At Felsobanya silver-lead lodes carrying some gold occur ; the production

of late has been 37-51 kg. of gold, 1857-2579 kg. of silver, and 768-1064

tons of lead per year ; or 1 part of gold to 50-60 parts of silver. Kapnik

is characterized by silver-lead-zinc lodes containing comparatively httle

gold ; recent figures of production have been 15-24 kg. of gold, 1651-2405

kg. of silver, and 206-296 tons of lead per year ; or 1 part of gold to 90-120

parts of silver.

The lodes of any one district are usually found to be more or less

parallel, and all have quartz as principal lode-filhng ; at Kapnik in addition
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there is much fluorite. These lodes generally are known for the

variety of minerals contained, many of which are often beautifully crystal-

hzed. Prominent among these minerals are, rhodochrosite, barite, rhodo-

nite, tetrahedrite, stibnite, bournonite, jamesonite, freieslebenite, etc.,

and sometimes, though seldom, wolframite.

Mining here also is likewise extremely old, having been begun about
the end of the eleventh century, or even before. Most of the mines

belong to the State. The distribution of other gold-silver lodes in the

Carpathians, such as are no longer worked, is indicated in Fig. 292.

TJie Tmnsylvanian Erzgebirge contains the most important gold occur-

rence in Europe. The auriferous area, with Offenbanya, Zalatna, Nagyag,
and Karacs at its corners,^ has a length of about 55 km, and a maximum
width of about 33 km. It consists of a core of Archaean rocks over which
are spread : melaphyre and Jurassic hmestone ; Carpathian sandstone of

Cretaceous, and perhaps also in part of early Eocene age ; and finally.

Tertiary sediments and tuffs, chiefly Miocene. With these last are asso-

ciated Tertiary eruptives, cliiefly andesite and dacite and to a less extent

rhyohte, these forming a number of detached areas, most of which are small.

Mineralogically, the occurrence at Nagyag is particularly characterized

by the occurrence of gold in combination with tellurium ^ in the form
of sylvanite, nagyagite, some petzite and krennerite. At Offenbanya ^

some lodes carry their gold exclusively as tellurides, sylvanite chieflv

but also nagyagite ; others contain both tellurides and native gold

;

while others again contain native gold only. In other Transylvanian mines

gold tellurides, as well as the other tellurides, hessite, tetradymite, tellurite,

and native tellurium, occur only as curiosities ; in fact in most of

the lodes, including those which are most productive, gold telluride is

completely absent, and free gold only occurs. About nineteen-twentieths

of the present gold production of Transylvania is derived from free gold,

and only the one remaining part from tellurides, this coming almost entirely

from Nagyag.

The gold is generally accompanied by a number of silver minerals,

such as argentite, pyrargyrite, proustite, stephanite, native silver, etc.
;

by pyrite, galena, and sphalerite ; by antimony minerals, such as stibnite,

bournonite, tetrahedrite, etc. ; and finally, by some arsenic minerals,

arsenopyrite especially. The native gold of most of the lodes contains a

relatively high proportion of silver, the well-known gold crystals of Veres-

patak, for instance, containing 30-35 per cent. When to this is added
the silver contained in the silver minerals proper, the amount of this metal

present is often many times that of the gold.^

1 Map by v. Papp, Zeif. f. prakt. GeoL, 1906, p. 306.
2 A7ite, p. 80. 3 j^fite^ p. 526. * .-1* Ante, p. 524.
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Among the gangue-minerals quartz usually occupies the first place.

Calcite is often abundant sometimes even equalling or exceeding the

quartz. The frequent occurrence of manganese minerals is character-

istic ; rhodochrosite and mangano-calcite are often well represented, as

for instance at Nagyag and Verespatak ; rhodonite is often fomid at

Verespatak ; while alabandite occurs here and there at Nagyag.

The lodes, which as a rule are small, in general follow tectonic, and

not contraction fissures. The immediate country-rock in the different

districts is as follows :

At Nagyag : dacite rich in hornblende.

At Ofienbanya : dacite rich in hornblende, merging into horn-

blende-andesite.

At Hondal, Troicza-Tresztya, Nagy-Almas, and Korabia-Vulkoj :

hornblende-andesite.

At Muszari : andesite and melaphjTe or melaphyre tuff.

At yerespatak : dacite poor in hornblende, and rhyohte ; Car-

pathian sandstone and a rock known as Lokalsediment.

At Boicza : melaph}Te with quartz - porphyry ; and a limestone

patch in melaphyre, near hornblende-andesite.

In Transylvania, far back in ancient times, gold was won at several

places, partly by washing the rather poor gravels. Some idea of the pro-

duction in more recent times may be obtained from the following figures :

1770 roughly 300 kg. gold.
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about 1000 m. long and 950 m. wide an extraordinary number of steeply

inclined and approximately north-south lodes are found, these being generally

but 10 cm. wide and seldom as much as 30 cm. The occurrence is illus-

trated in Fig. 295. In addition to gold telluride/ native gold, though

seldom, is also found. Its derivation from the telku'ide may be explained

in the same way as the silver horns upon argentite at Kongsberg.^

The lodes themselves may be divided into three divisions :

1. The quartz-telluride lodes, containing quartz with sylvanite and
more seldom with nagyagite ; and pyrite and tetrahedrite.

2. The pink manganese - telluride lodes, with rhodochrosite ; some
quartz, alabandite, and nagyagite ; and tetrahedrite, pyrite, bournonite, as

primary minerals ; and with arsenic, sulphur, etc., as secondary minerals.

Fig. 295.—Idealized section at Nagyag. B. v. Inkey, 1885.

A, (lacite ; P, propylite ; K, kaolinized dacite immediately along the lodes ; V, lodes ; m, surface weathering

3. The base -metal lodes, containing galena, sphalerite, and pyrite,

with calcite and dolomite.

With many of the lodes a breccia occurs ^ wliich doubtless, both in

regard to its fragments and matrix, is the result of friction and tritura-

tion along the fissure walls. The most productive ore-bodies, some

being occasionally very rich, are found where many lodes intersect to

form a chimney or shoot.* In 1883 or 1884, for instance, one such body

in three days yielded gold to the value of £2300 from an area of tw'o

square metres on the lode plane and a thickness of about 0-20 metre.

Mining at Nagyag began in the year 1747. The element tellurium

was discovered at this place. The mines at present are worked from the

Franz-Joseph adit which has a length of 5012 metres. According to B. v.

Inkey, from the commencement of mining in 1748 to the year 1882, Nagyag

produced 39,995-6 kg. of gold-silver bulKon worth £2,193,000, equivalent

to about 18,000 kg. of gold and 22,000 kg. of silver ; after the payment

1 Ante, p. 543.

* Glauch.

2 A)ite, p. 131.

* Erzstock.



546 ORE-DEPOSITS

of all costs the net profit in some years amounted to £420,000. By

1902 the total production had increased to 46,335 kg. of such bullion,

while in the six years 1903-1908 some 556 kg. of gold and 1387 kg. of silver

were produced, bringing the total production of gold to about 22,000 kg.

or 22 tons.

The comitry aromid Verespatak — so well known historically and

for its gold crystals— consists of : dacite and rhyohte, these rocks

forming the peaks known as Kirnik and Boj, the latter containing the

celebrated Csetatye deposit ; Carpathian sandstone ; and Lokalsedimenf

,

a rock regarded by PoSepny as a sediment but which according to Semper

is probably an outpouring of volcanic mud. In the dacite, strikingly

large dihexahedra of quartz are found. A httle distance away andesite

also occurs.

The lodes, which contain gold crystals, free gold, auriferous pyrite,

quartz, rhodochrosite, etc., occur in the dacite, rhyohte, and sediment,

while in the porous Carpathian sandstone most of them quickly disappear.

The area in which they occur has a length of about 2-5 km. and a breadth

of about 1-5 km. Individually they are generally of httle \\idth and

but short extent along both strike and dip. Sometimes however they

occur in such considerable number and so close together that the whole

rock mass has to be mined. In this way no doubt were formed, the

large old Eoman excavation, the ' Csetatye mare '
^ near the top of the

Boj, and the so-called Katroncza chimney, 100 m. deep and 20-40 m. wide.

In this district during the two years 1823 and 1824 alone, gold to the value

of £80,000 was recovered. The metasomatic features of this occurrence are

mentioned later.^

Mning at Verespatak began in the time of the Romans, a.d. 106-276.

Following an ancient local mining law, extremely small areas of cubical or

spherical shape were formerly granted to a large inimber of small corpora-

tions or to indi^'idual persons. Such grants on accomit of their shape have

no extension in depth. Every such corporation or person has its owm small

and primitive battery, so that A\ithin a fairly small district there are

no less than about 6000 stamps. In these batteries apparently but 40

per cent of the gold content is recovered. In addition, the Hungarian

Mning Department is working here, as well as a large French company.

Much gold was won formerly though now the output is small.

The Muczari and Ruda mines adjacent to one another and now belong-

ing to one company, have produced of late the greater portion, some

two-thirds of the total production of Transylvania. In their neighbourhood

a melaphyre tuff of great extent is broken by several eruptions of andesite.

In the principal mine the northern portion of this andesite is crossed by a

1 Large fortress. - Postea, p. 640.
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fault striking N.W.-S.E. which carries ore and is known as the Klara lode,

one of the principal lodes. A second fault, striking approximately north-

south, cuts through the eastern portion of the andesite and forms the

Carpin lode. Where these two cross the ore was richest, a shoot there,

about 50 m. long and 80 m. deep, having yielded some thousands of kilo-

grammes of gold. The other lodes likewise are tectonic fissures ; the

amount of ore they carry generally diminishes as the distance from the

centre of the andesite increases.

The occurrence at Boicza is singular in so far that the lodes occur in

the Jurassic melaphyre and quartz-porph}Ty ; the distance from the nearest

outcrop of Tertiary hornblende-andesite is, however, but 3 kilometres.

Cartagena and Mazarron in South-Eastern Spain

LITERATURE

A. OSANN. ' Uber die Eruptivgesteine unci iiber den geologischen Bau des Cabo de

Gata,' Zeit. d. d. geol. Ges. Vol. XLL, 1889, and Vol. XLIIL, 1891.—R. Pilz. 'Die

Bleiglanzlagerstatten von Mazarron,' Zeit. f. prakt. Geol., 1905 ;
' Die Erzlagerstatten von

Cartagena,' ibid., 1908 ; Dissertation iiber Mazarron. Dresden and Freiberg, 1906. In

these works the pertinent literature, and especially that in Spanish, is given.

The narrow stretch along the coast from Cabo de Gata to Cabo de Palos

near Cartagena was in Tertiary times the scene of great volcanic activity,

which included extrusions of hparite, dacite, andesite, and basalt. Accord-

ing to Osann the centres of eruption appear to be arranged in three parallel

Unes, as illustrated in Fig. 296. In close association with these eruptives,

and particularly mth the andesite and dacite, ore-deposits are found in

the neighbourhood of Mazarron and Cartagena.

At Mazarron the lodes occur within an area about 8 km. long and

3 to 4 km. wide
;

partly in dacite
;

partly in mica-schist, amphibolite,

dolomite, and quartzite, surromiding the dacite ; and partly along the

contact between the two. In the upper levels the lodes within the dacite

appear to be chiefly contraction fissures. At depths of 400 and 500 m.,

on the other hand, it is probable that the majority are tectonic fissures,

these being frequently of composite character. As illustrated in Fig. 297,

the number of lodes diminishes rapidly in depth, while of those which

continue, most become impoverished at a depth of 400-500 metres. The

most important ore-minerals are galena, sphalerite, pyrite, marcasite, some

chalcopyrite, etc. The galena generally carries 1-5 kg. of silver per ton, and

exceptionally as much as 3-6 kg. The gangue consists of siderite, calcite,

dolomite, some barite, and quartz. Selenite occurs as a secondary mineral.

Magnetite and specularite are found in very small amount, while the

presence of quicksilver as a mineralogical cmiosity has been established.

VOL. II D
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In the oxidation zone much hmonite, cerussite, zinc carbonate, pyro-

morphite, niimetesite, etc., and some native silver, are found.

The lode district around Cartagena has a length of 10 km. and

a width of 5 km. Like the occurrence at Mazarron, the lodes occur

partly within the eruptive rock
;
partly between this and the Triassic

dolomite or slate which surrounds it
;

partly as cross-courses and bedded

lodes in the slates ; and finally as chimneys, pipes, and bedded deposits

in the dolomite. The eruptive rock is chiefly andesite. The most im-

mJumilla.

yve^^ 'O^

Fig. 296.—Maji of the Tertiary eruptive belts (black) Ix-tween Almeria and Cartagena, Spain.

Osann, 1891.

portant primary ore is galena, which contains on an average 1-1-5 kg.

of silver per ton. Sphalerite, copper sulphides, much pyrite, and ferro-

manganese minerals, also occur. The oxidation zone, in addition to those

ores mentioned as occurring in that zone at Mazarron, contains a good deal

of cerargyrite. At the outcrop of one of the principal mines, the Monto

de los Azules, wood-tin was found, a fact which recalls the Potosi type of

deposit. This wood-tin was considered to be of secondary formation.

The country-rock of the lodes is highly altered to a propylitized rock

carrying much sericite and kaolin. In this connection, both at Mazarron and

Cartagena alunite occurs in such amount as to have been formerly worked
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a'tm

for alum, 7-5 tons of the raw material having been required to produce one

ton of alum. Pilz expresses the opinion that the formation of the alunite was
not the direct consequence of the volcanic acti\dty but rather that of the

decomposition of the p}T:ite in the lodes. It nevertheless appears possible

and even probable that, as at Goldfield,^ the alunite is in greater part,

if not exclusively, a direct fumarohc product due, conjointly \A\h the

lodes, to the action of heated waters.

Exhalations of carbonic acid are not

infrequently encountered in the mines at

Mazarron, the issuing gas consisting by

volume of 93-5 per cent COg, 5-6 per cent

nitrogen, 0-9 per cent oxygen, and traces

of water. The amount given ofi is some-

times so great as to seriously disturb the

work ; on February 16, 1893, twenty-eight

workmen and officials lost their Uves by

such an issue of gas. In one place mofettes

were still in active operation ten years after

their first appearance as water springs con-

taining gas. At times the gas is found

under pressure in fissures, and frequently

when breaking through from eruptive rock

to slate, violent issues of gas have occurred.

Pilz in 1905 regarded such gaseous accumu-

lations under pressure as closely associated

with the actual eruption of the dacite,

though in 1908, on the other hand, he

indicated the possibihty that they arose by

the action of sulphuric- acid waters upon

carbonates in the lodes and country-rock.

These deposits were worked by the

Phoenicians, the Carthaginians, and the

Romans, the works of the latter reaching

to a depth of 360 metres. Subsequently, for

more than a thousand years they lay un-

touched, until those at Cartagena were

opened again in 1839, and those at Mazarron in 1870. Latterly operations

at both places have been quite brisk ; thus, in 1904 the mines at Mazarron

produced more than 30,000 tons of lead ore 'with 58 per cent of lead, and

1694 tons of zinc ore with 30-40 per cent of zinc, while 5000 tons of

iron ore were also won as a by-product. At Cartagena the production

1 Antt, p. 522.

3t8rrv

500771.

530m.

Fig. 297.—Vertical section through
the Santa Ana mine at Mazarron,
Spain. Pilz, Zeit.f. prakt. GeoL, 1905.

The white areas next to the slate repre-
sent dacite ; on top is a sand- and clay
covering.
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in the same year was still larger, namely, 80,000 tons of lead ore and some

85,000 tons of zinc ore.

In the neighbourhood of Cabo de Gata also, the position of which is

given in Fig. 296, there are occurrences of andesite, dacite, and hparite,

associated with and carrying a large number of deposits. At Pinar in the

Sierra de Bedar, especially, such deposits are worked for galena and to

a less extent for copper ore. The occurrences of iron ore at Serena

and Tres Amigos, from which about 100,000 tons of limonite are produced

yearly, are regarded as metasomatic replacements of siderite ; they occur

chiefly at the contact between Umestone and slate. In the Sierra Alma-

grera, near the coast and approximately midway between Cabo de Gata

and Mazarron, auriferous galena mixed with siderite was formerly worked

under great difficulty with water, the lodes apparently permitting the

entry of sea-water. At Herrerias silver- and iron ores are worked.^

PONTGIBAUD IN FRANCE

LITERATURE

LoDiN. ' ]5tude sur les gites metalliferes de Pontgibaud,' Ann. d. Mines, Ser. 9, I.,

1892, pp. 389-505; extracted in Zeit. f. prakt. Geol., 189.3, pp. 310-319.—The geological

maps of Moulins, Gannat, and Clermont.

The lode district of Pontgibaud, 14 km. long and about 4'5 km. wide,

in the department Puy-de-D6me, lies on the west side of the Tertiary

eruptive region of Auvergne.^ In the middle of this district, at

Chalusset, a small extinct volcanic cone rises. The lodes occur in gneiss

and mica - schist, along fissures following old granitic dykes. Quartz

is the principal gangue, though barite also occurs. The principal ore is

galena, which occurs with some pyrite and sphalerite ; bournonite, tetra-

hedrite, etc., are more seldom. The silver content of the galena diminishes

in depth. It is considered that the fissures, along which, as before men-

tioned, carbonic acid exhalations were remarked, are of IVIiocene age.

Mning operations, which at the latest began in the year 1554, were from

the 'sixties to the 'eighties of last century quite important, while as late

as 1890 there were still 489 persons employed ; now they are stopped.

The United States

LITERATURE

Waldemak Ltndgren. ' The Geological Features of the Gold Production of North
America,' Trans. Amer. Inst. Min. Eng. XXXIII., for 1902 ;

' A Geological Analysis of the

1 F. Fircks, ' Uber einige Erzlagerstatten der Provlnz Almeria in Spanien,' Zeit. f. prakt.

Geol, 1906.
2 Michel-Levy, 'Massif du Mont-Dore,' etc., Guide geol. des excursions du VIII. Congr.

geol intern., 1900,' XIV.
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SUver Production of the United States in 1906,' U.S. Geol. Survey, BuU. 340, 1908.—

F. V. RiCHTHOFEN. Works cited in the description of the Comstock Lode.

—

Edward
SuESS. Zukunft des Goldes, 1877 : Zukunft des Silbers, 1892.—S. F. Emmons and G. F.

Becker. Geological Sketches of the Precious Metal Deposits of the Western United States,

Washington, 1885.—J. F. Kemp. Ore Deposits of the United States and Canada.

—

C. R. VAN HiSE. ' A Treatise on Metamorphism,' U.S. Geol. Survey, Mon. XLVII., 1904.

For the different mining districts reference is recommended to the comprehensive

descriptions published by the U.S. Geol. Survey, these in former years being particularly

by G. F. Becker, S. F. Emmons, A. Hague, Whitman Cross, and of late years particularly by

J. S. DUler, J. D. Irving, W. Lindgren, R. L. Ransome, and J. E. Spurr. In these mono-

graphs detailed and exhaustive bibliographies are collected ; Lindgren and Ransome, for

instance, give in their work upon Cripple Creek, published in 1906, a list of thirty-eight

pre%aous papers on that district ; and Ransome in 1909 a list of seventeen works upon

Goldfield. In the U.S. Geol. Survey, BuU. 340, 1908, there is on pp. 153-156 a list of the

Survey publications upon gold and silver. Only the most important can be mentioned here.

Comstock in Nevada.—Principal Work : G. F. Becker. ' Geology of the Comstock

Lode and the W^ashoe District, with Atlas,' U.S. Geol. Survey, Mon. III., 1 892. In addition,

F. V. RiCHTHOFEN. The Comstock Lode : Its Character and probable Mode of Continuance

in Depth, San Francisco, 1866 ;
' The Natural System of the Volcanic Rocks,' Cal. Acad. Sc,

1867 ; Zeit. d. d. geol. Ges., 1868, p. 663.—Clarence King. Geology in Exploration of the

40th Parallel, U.S. III., 1870, pp. 1-96.—F. Zirkel. Microscopical Petrology in Explora-

tion of the 40th Parallel, IV., 1876.^. A. Church. The Comstock Lode. New York, 1879.

—E. Lord. ' History of Comstock,' U.S. Geol. Survey, Mon. IV., 1883.—A. Hague and

J. P. Iddings. ' On the Development of Crystallisation in the Igneous Rocks of Washoe,'

U.S. Geol. Survey, Biill. 17, 1885.—Answered by Becker. ' The Washoe Rocks,' Cal.

Acad. Sc. II. Bull. 6, 1886 ; Amer. Journ. Sc. XXXIII., 1887.

Elsewhere in Nevada. Goldfield.—Principal Work : F. L. Ransome. ' The Geology

and Ore Deposits of Goldfield,' U.S. Geol. Survey, Professional Paper 66, 1909 ; extract by

Ransome in Econ. Geol. V., 1910.—J. E. Spurr. ' Geology of the Tonopah Mining District,'

U.S. Geol. Survey, P.P. 42, 1905 ;
' Ore Deposits of the Silver Peak Quadrangle,' U.S.

Geol. Survey, P.P. 55, 1906.—,!. S. Curtis. ' Silver-lead Deposits of Eureka,' U.S. Geol.

Survey, Mon. VII., 1884.—A. Hague. ' Geology of the Eureka District,' U.S. Geol. Survey,

Mon. XX., 1892.

Cripple Creek in Colorado.—Principal Work : W. Lindgren and F. L. Ransome.
' Geology and Gold Deposits of the Cripple Creek District,' U.S. Geol. Survey, P.P. 54, 1906.

—W. Cross and R. A. F. Penrose. ' The Geology and Mining Industries of the Cripple

Creek District,' U.S. Geol. Survey, 16th Ann. Rep. II., 1895.

Elsewhere in Colorado.—W. Cross and S. F. Emmons. ' Geology of Silver CUff and the

Rosita Hills,' U.S. Geol. Survey, 17th Ann. Rep. II., 1896.—J. E. Spurr, G. H. Gaerey,

and S. H. Ball. ' Economic Geology of the Georgetowm Quadrangle,' LT.S. Geol. Survey,

P.P. 63, 1908.—N. M. Fenneman. ''Geology of the Boulder District,' U.S. Geol. Survey,

BuU. 265, 1905.—F. Rickard. ' Gilpin County,' Trans. Amer. Inst. Min. Eng. XXVIII.
1899—S. F. Emmons. ' The Mines of Custer Co.,' U.S. Geol. Survey, 17th Ann. Rep. II.,

1896.—W. Cross. ' Geology of the Rico Mountains,' U.S. Geol. Survey, 21st Ann. Rep.

II., 1900.—F. L. Ransome. ' The Ore Deposits of the Rico Mountains,' U.S. Geol. Survey,

22nd Ann. Rep., 1902 ;
' Report on the Economic Geology of the SUveiton Quadrangle,'

U.S. Geol. Survey, BuU. 182, 1901.—J. D. Irving. ' Ore Deposits of the Ouray District,'

U.S. Geol. Survey, Bull. 260, 1905.—J. A. Porter. 'The Smuggler Union Mines,

Telluride,' Trans. Amer. Inst. Min. Eng., 1896.—C. W. Purington. ' On the Mining

Industries of the Telluride Quackangle,' U.S. Geol. Survey, 18th Ann. Rep. III., 1898.—

S. H. Ball. ' Southern Nevada,' U.S. Geol. Survey, Bull. 308, 1907.—S. F. Emjions.
' Eureka,' U.S. Geol. Survey, Mon. XII., 1886.—S. F. Emmons and J. D. Ir%^ng.

'Eureka,' U.S. Geol. Sin-vey, BuU. 320, 1907.—J. E. Spurr. 'Aspen,' U.S. Geol.

Survey, Mon. XXXI., 1898 ; Econ. Geol. IV., 1909.

Elsewhere in other States.—W. Lindgren. ' The Gold and Silver Veins of Silver City,

De Lamar, and Other Mining Districts in Idaho,' U.S. Geol. Survey, 20th Ann. Rep. 111.,

1900.

—

J. M. BouTWELL, A. Keith, and S. F. Emmons. ' Economic Geology of the Bingham
Mining District, Utah,' P.P. 38, 1905; BuU. 213, 225, 260.—S. F. Emmons and J. E.

Spurr, Economic Geology of the Mercur Mining District, Utah, U.S. Geol. Survey, 16th
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Ann. Rep. II., 1895.—S. F. Emmons. 'The De Lamar and the Hornsilver Mines ; two
types of Ore-Deposits in the Deserts of Nevada and Utah,' Amer. Inst. Min. Eng., 1901.

—

G. W. Tower and G. 0. Smith. ' Geology and Mining Industry of the Tintic District,

Utah,' U.S. Geol. Survey, 19th Ann. Rep. Yll., 1899.—AV. H. Weed and L. V. Piesson.
' Geology and Mineral Resources of the Judith Mountains of Montana,' U.S. Geol. Survey,
18th Ann. Rep. III., 1898.—In addition, ' Annual Contributions to Economic Geology,'

U.S. Geol. Survey.

It is fitting to begin this description \\ith the follo^^'ing figures of the

production of the United States.^
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L Contact - Deposits. — These have Httle importance in the United

States but attain somewhat greater significance in Mexico.^

2. Pre - Cambrian Lodes. — These in the United States are foimd

particularly in the Appalachian Mountains of Georgia, North and South

Carohna, Tennessee, Maryland, Virginia, and in the Black Hills of South

Dakota.

3. Cretaceous Lodes.—These occur on the Pacific Coast within a long

belt extending from Mexico through the central portion of Cahfornia,

where they are largely developed, on to Northern California, Oregon, and

Idaho, and finally to British Columbia and Alaska. These lodes are quartz

lodes containing free gold and auriferous sulphides. They occur in con-

nection with granite and diorite, and, on account of the great denudation they

have suffered as well as the coarse character of the gold, they are accom-

panied by important auriferous gravels. This older gold-quartz belt extends

along the east side of the Sacramento Valley and the Sierra Nevada, the

quicksilver zone of the Coast Ranges keeping nearer the Pacific sea-board.

4. Late Cretaceous Lodes, in part Early Tertiary.—Such occur in the

central belt of the Central and Eastern Cordilleras, particularly at

different places in Arizona, Nevada, Utah, Colorado, Idaho, Montana, etc.

5. Tertiary Lodes, chiefly Post-Miocene.—These occur in association

with Tertiary eruptive rocks, particularly andesite and dacite ; more

seldom rhyoUte and basalt ; and exceptionally phonolite ; all of which

in this connection are characterized by propyhtization.

Occasionally these lodes carry either silver or gold exclusively, but

generally both metals occur in approximately equal -value amounts.

Many of these deposits are characterized by extraordinarily rich but

hmited bonanzas, while in many cases a decrease in value in depth has

been estabhshed. The gold in these lodes is mostly finely distributed

throughout the quartz, on accomit of which, and also because of the

comparatively hmited amount of denudation which from their lower age

they have experienced, these Tertiary occurrences are accompanied by

auriferous gravels to a less extent than are the older Californian lodes.

The following statistical-geological statement of the gold production

of Mexico, the United States, and Canada, is based upon figures from

Lindgren's work, to which data for the year 1908 have been added. The

figures given are in milhon dollars, roughly equivalent to 1-5 tons of gold.

The distribution among the different lode-groups can naturally not be

exact. The gold won from gravels has been reckoned vnih those lodes

from which such gravels have presumably arisen.

1 W. H. Weed, ' Elkhorn Mining District, Montana,' U.S. Geol. Survey, 22nd Ann. Rep.

W. Lindgren, ' The Character and Genesis of Certain Contact-Deposits,' Trans. Amer. Inst.

Min. Eng., February 1901 ; W. H. Weed, ' Ore-Deposits near Igneous Contacts,' ibid.

October 1902.
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The Tertiary gold lodes and the closely allied silver lodes occur

over a very large metal province, wliich, associated with many and

large Tertiary extrusions, stretches from Mexico in the south, to the

Great Basin lying between the Sierra Nevada on the west and the Rocky

Momitains on the east. Along this extent the lodes occur in greatest

number in Colorado, Utah and Nevada, Arizona and New Mexico ; farther

to the north in CaUfornia, Oregon, Washington, Idaho, Wyoming, and

Montana, they are not so numerous.

Lindgren ^ made also a similar statistical-geological statement for the

silver lodes of the United States, which he divided into the following groups

:

1. Old Silver Lodes.—These occur in Montana, Idaho, and elsewhere.

They are found in granite or are associated with porphyry. Quartz is the

usual gangue. The lodes are often rich near the surface, where secondary

sulphides and sulph-antimonites have been formed. In the primary

zone below water-level impoverishment often sets in. Occasionally the

lodes carry comparatively much galena.

2. Lodes in Tertiary Eruptives, RhyoUte, Dacite, Andesite, etc.—
These consist preponderatingly of quartz, occasionally with some chalce-

dony, and in many cases with adularia. The primary ore is chiefly argentite,

this being accompanied by relatively small amounts of lead-, zinc-,

and copper sulphides. In dry chmates the ore in the upper levels

has in places been greatly enriched by oxidation and the consequent

formation of sulph-antimonites. Typical examples of such enrichment

are found in the Comstock Lode, at Tonopah in Nevada, Mogollon in New
Mexico, and Silver City in Idaho. The lodes belonging to this group, in

addition to silver, usually contain a valuable amount of gold.

3. Deposits in Limestone.—These in general are associated with in-

trusions of granite, diorite, monzonite, or porphyry. Most are rich in

lead, some also in copper and zinc. Quartz and calcite are the important

gangue-minerals. Secondary silver sulphides and sulph-antimonites are

more seldom seen in the alteration zones of these deposits, though, on the

other hand, much native silver and cerargyrite have sometimes been fomid,

as for instaiice at Leadville in Colorado, and Lake Valley in New Mexico.

Several of these occurrences belong to the metasomatic and contact-meta-

morphic deposits, as such deposits are defined in this work.

These three groups are probably the products of the same mineralizing

processes, their difEerences being due to different depths below the surface

at the time of original deposition, to varying physical conditions, and to

the influence of the country-rock, whether for instance that were limestone,

andesite, or granite, etc. The second group probably belongs to the late

Tertiary, the third to the earliest Tertiary.

1 Lindgren, U.S. Geol. Survey, Bull. 340, 1908.
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A good deal of silver is also won as a by-product when treating copper

ores, this being particularly the case at Butte, Montana.

From a total of 57*4 milhon ounces of silver produced in 1906, 40-4

miUions came from lead-, copper-, and zinc ores, and only 16-8 milHons

from silver-quartz lodes proper. Of this last figure, lodes ^^•ithin Tertiary

eruptives yielded 10-3 milhon ounces, of which 7-5 milhons came from ores

containing both gold and silver. Many of the occurrences fomid in the

neighbourhood of, but not actually -u-ithin such Tertiary eruptives, must

also be counted as belonging to that group.

The Silver Production of the United States
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dykes. They carry both gold and silver, though latterly the gold recovered

has exceeded the silver in value. In Gilpin County the lodes contain

sulphide ore and free gold ; Boulder County yields chiefly telluride gold

ore ; Clear Creek County produces smelting ore with much silver. In

the last-named county the production during the period 1859—1904, accord-

ing to Spurr and Garrey, was gold to the value of 16-1 milhon dollars,

silver to 63-6 million, lead to 3-8 milhon, copper to 0-5 milhon, and zinc to

0-04 milhon dollars.

Sixty-five kilometres south of Cripple Creek, in Custer County, the

CI
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Fig. 298.—Map of the more important gold-, silver-, and lead districts in Colorado.

Spurr and Garrey, U.S. Geol. Survey, P.P. No. 63, 1908.

Silver Chft", and Kosita Hills mines, described by Whitmann Cross and

S. F. Emmons,! occur. These together from 1880 to 1894 produced gold

to the value of $1,822,327, and silver to $4,055,625.

In south-western Colorado, in the San Juan, San Michel, and Ouray

counties, the Juan goldfield occurs. There some of the lodes carry silver

only, others gold and silver, while others again carry gold only. In

isolated cases telluride-gold and silver ores are fomid in considerable amoimt;

hence the name Telluride for one of the districts. Most of these occurrences

lie in thick andesite- or rhyohte flows. According to Kansome,^ the

mines of the Eico Momitains during the period 1879-1900 jdelded about

1 Loc. cit., 1896. Loc. cit., 1902.
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73,000 oz. of gold and 9 million oz. of silver, or approximately 1 part of

gold to 125 of silver.

lu Utah, the Tintic and Horn Silver districts, among others, belong to

the Tertiary group. Both carry silver principally and gold subordinately.

At the Horn Silver mine the lodes occur at the contact of rhyolite with

limestone ; they carry a lead-silver ore mth a httle gold. The Cornonabe

mine, which also carries lead-silver ore, occurs in andesite.

Of the occurrences in Nevada, the Comstock Lode, the district of Goldfield

containing gold chiefly, and that of Tonopah, chiefly silver, are described

more closely below. In addition, the Eureka district presumably

associated with rhyolite, the Tuscarora district in young eruptives, and

the De Lamar district, are deserving of mention. Eureka yields gold to

the extent of one-third the value of its total production, silver and lead

to two-thirds. The two other districts }aeld both silver and gold.

The occurrences in the other states are illustrated by the folloAving

brief mention of representative deposits. Arizona.—At the Commonwealth
mine in Cochise County, where the lodes occur in rhyolite and are very

productive, gold forms one-third and silver two-thirds of the value of the

production. California.—Many important mines working silver lodes in

rhyohte occur in Bernardino County, such lodes presumably being connected

A\ith the Tertiary gold lodes. In addition, many young Tertiary lodes

are fomid in the eastern foot-hills of the Sierra Nevada ; the Bodie mine

in andesite worked one such lode containing much gold and silver.

Idaho.—The Owyhee gold-silver lodes in basalt and rhyohte near the

Nevada boundary are worthy of mention. From these, according to Lind-

gren, during the period 1880-1893 some 313,448 oz. of gold and 10,540,870

oz. of silver were produced. Farther to the north is the Custer mine.

The Rocky Bar, Atlanta, and the recently discovered Thunder Momitain

lodes, which apparently occur in rhyohte, probably also belong to this

group. Oregon, Washington, Alaska.— Some Tertiary precious - metal

lodes occur in these states, among them being those in andesite at the

Apollo mine. Montana.—A considerable portion of the silver production

of Montana comes from the copper district of Butte, where during the

period 1892-1900 copper to the value of 331 million dollars, silver to

86 million, and gold to 14-5 million dollars, were produced.

THE COMSTOCK LODE

The outcrop of this lode in the Washoe district of Nevada, near the

Cahfornian boundary, is situated about 1970 m. above sea-level on the

east slope of the Virginia Mountains, one of the north-eastern spurs of the

Sierra Nevada, in latitude N. 39° 20' ; the distance from Steamboat
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Springs, where the interesting recent deposits of quicksilver occur, is but

9-10 km.i The lode itself occurs within a large Tertiary eruptive mass

consisting in greater part of andesite. Investigation of the more de-

tailed geological position of this occurrence was considerably faciHtated

by the rock exposures in the Sutro Tunnel, made during the period

Shaft.

Fig. 299.—Plan of the Comstock Lode (black), showing the extension of the extreme

propylitization. Becker.

1868-1878, which reached the deposit at a depth of 500 m. after having

been driven 6'4 kilometres.

Becker,^ in addition to granite occurring some httle distance away,

differentiated the following eruptive sequence beginning at the oldest

:

granular diorite, porphyritic diorite, quartz -porphyry, older diabase,

younger diabase—the so-called black dyke—older hornblende-andesite,

augite- andesite, younger hornblende-andesite, and finally basalt, the

youngest rock in the sequence. According to later investigation by

1 Atite, pp. 461, 467. a Loc. cit., 1882.
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Hague and Iddings,^ many of these chemically so closely related rocks

merge gradually into one another, the textural difierences depending upon

the less or greater depth at which they became consohdated. Rocks

which consohdated near the surface are more glassy, while those which

consolidated in depth where coohng took longer are holocrystalhne and

granular. The augite-andesite is therefore but a facies of the granular

diorite and of the older diabase ; the hornblende-andesite stands in similar

relation to the porphyritic diorite ; the quartz-porphyry is partly a dacite,

partly a rhyohte ; while the yoimger diabase dyke must be considered a

basalt dyke. According to these authorities also, augite-andesite is the

Fig. 300.—Transverse section across the Comstock Lode. Becker.

The hatching represents the lode mass, the black the worked portion, the remainder being lode breccia.

oldest rock, then hornblende-andesite, and fuially mica-hornblende-andesite,

dacite, rhyohte, and basalt, the last named having but httle extent.

This powerful lode, according to Becker, occupies a large fissure along

which a correspondingly large movement has taken place. Following

the nomenclature of this authority diabase forms the foot-wall and diorite

the hanging-wall. According to Hague and Iddings however, one and the

same andesite occurs on both walls. All authorities nevertheless are now

probably agreed that the whole sequence of eruptives at Comstock are of

Tertiary age, and that the textural differences are referable to different

conditions of consolidation.

The principal lode, about 4-5 km. long, strikes N. 15" E. and dips

.about 45° E. To the north as well as to the south, as illustrated in Fig. 299,

1 Loc. ciL, 1885.



THE YOUNG GOLD-SILVEK LODES 561

it splits into branches. Including these the total length is almost 7 km.

The deposit itself is a wide quartz-breccia lode containing a series of separate

and enormously rich bonanzas. The lode material, consisting of quartz

with highly propylitized and often quite clayey fragments of the country-

rock, is generally more than 100 feet in mdth, though in places, as illus-

trated in Fig. 300, it may be more than 100 metres. In depth also it

sphts into branches. In addition to quartz ; calcite, selenite, and the

zeolites chabasite and stilbite, occur, but only to a small extent.

In spite of its large width there is at most places along its extent so

little ore that the lode generally is not payable ; the rich ore is concentrated

in a series of bonanzas of relatively huge dimension. These bonanzas, which

altogether occupy but one six-hmidredth part of the lode plane, he irregu-

larly along that plane, and, as seen from Fig. 301, hold somewhat better in

depth than along the strike. Their width is occasionally as much as

15 m. or more. Some of them come right to the surface, though most

were first met underground.

The most important silver minerals of these bonanzas are argentite,

stephanite, and argentiferous galena ; less important are pyrargyrite,

proustite, polybasite, native silver, and, near the surface, cerargyrite.

Gold occurs chiefly as free gold finely distributed. In addition, sphalerite,

pyrite, and chalcopyrite occur. The composition of the ore may be

gathered from the follomng analyses :
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The Comstock Lode, apart from

the enormous richness of its bon-

anzas, is also ^videly known because

of the rapid rise of temperature

and the inrush of hot water in depth.

The temperature of the sohd rock

rises on an average about 1° F. for

every 33 feet, that is 1° C. for every

19-5 m., this being considerably more
rapid than would be expected from

the ordinary disposition of geotherms

in depth. This hot water which

first became noticeable at 600-800 m.

was at 900 m. during the winter of

1880-1881 so powerful as to necessi-

tate pumping at the rate of 7 milhon

cubic metres of water yearly. The
water had a temperature of 75° C.

and in spite of good ventilation the

water-saturated air left the mine at

a temperature of 35° C.

As pointed out by Becker, this

high temperature does not arise

from the kaohnization or oxidation

of sulphides in the country-rock, but

is a direct result of eruptive activity.

The large quantity of these hot

waters is all the more striking in

that the district is a dry one, very

Httle rain falhng. The high tem-

perature on the 900 m. level rendered

further sinking impossible, and since

at the same time the higher-lying

bonanzas were becoming gradually

exhausted, mining operations dwin-

dled, till in 1892 they were finally

suspended. Since then, except for

a little sporadic work, the mines

have either lain idle, or the dumps
and residues from earlier times have

been re-vvorked.

The Comstock I^ode from the



THE YOUNG GOLD-SILVER LODES 563

commencement of operations, in 1859, to 1891 yielded 4820 tons of

silver and 214 tons of gold,^ having together a value of 351-2 milHon

dollars or about £73,000,000. If the further results up to 1902 be

added these figures become respectively 369-5 million dollars or £77,000,000.

It is worthy of remark that this production was from a lode about 4-5

km. in length worked down to a depth of 900 m., and that consequent^

the Comstock Lode represents the richest concentration of precious metals

yet encountered. The zenith of production was reached in the year

1877 when gold to the value of 14-5 million dollars and silver to the value

of 21-8 millions were obtained, figures which represented almost one-third

of the gold production of the United States at that time, and almost

one-half of the silver. Up to December 31, 1880, from a gross revenue of

306 million dollars or £63,750,000, dividends amounting to 118 million

dollars or £24,500,000 were distributed.

The weight relation of gold to silver in the total production was as

1 : 22-5, a relation from which, as might be expected, variations occurred,

both in the different bonanzas as well as in the mass of each individual

bonanza. The following table of the value relations appertaining to the

different groups of mines up to the year 1882, formulated by Becker, is of

interest in this connection.

Gold Hill Group .

Central Group
Bonanza Group .

All together, to end of 1865
„ 1882

Percentages of Value.

Gold.

Per cent.

47
36
47
32
42-5

Silver.

Per cent.

53
64
53
68
57-5

The discoverer, or one of the discoverers of this world-famous lode,

a Canadian, Henry Comstock by name, after making much money in the

beginning, died in 1870, a beggar.

Cripple Creek, Colorado

Gold telluride in quartz-fluorite-dolomite lodes and in the neighbourhood

of a phonolitic intrusion

In the Cripple Creek district, about 2900 m. above sea-level, a Tertiary

phonolite intrusion occurs in pre-Cambrian granite and slate. Accord-

ing to Lindgren and Ransome the eruptive sequence was probably as

1 Ante, p. 202.

VOL. II E
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follows : first latite-pkonolite and syenite ; then phonolite again, constitut-

ing the principal eruption, and trachyte-dolerite ; and later, basic dykes

Granite ate.

Grcmite

e;tc

^
Granite Tertiary Eruptives Plionolite. Basic Dykes Lodes,

and Gneiss. (Phonolite, Breccia, etc.). (Vogesite, Monchiquite, etc.).

Fig. 302.—Map of the more important portion of the eruptive trunk at Cripple Creek,

with the accompanyiug lodes and basic dykes. Lindgren and Eansome. 1906.

of vogesite, monchiquite, and trachy-dolerite, all of which belong to the

same petrographical province. In addition, breccias are common, while

finally, in the neighbourhood of Cripple Creek, dykes of rhyolite occiu-,
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though these have httle extent. There are no eruptive flows or sheets at

Cripple Creek. The eruptive area has a length of about 5 miles and a

width of 3 miles, embracing therefore 12-7 square miles or approximately

33 sq. km. Leaving the breccias out of consideration, phonolite occupies

73-5 per cent of this extent, latite-phonolite 23-9 per cent, and the other

rocks but 2-6 per cent. This phonolite is a nepheline-phonolite with some
sodalite and nosean.

The lodes are found concentrated within the eruptive chimney, prin-

cipally in breccia and phonolite, but to a less extent also in the surround-

100 200m

Granite ^ \ ^ Breccia

Fio. 303.—Longitudinal section of the ore-shoot in the Independent mine at Cripple Creek.

Lindgren and Ransome, 1906.

ing older rocks, granite, etc. The most important lodes, pelding together

about £2,500,000 yearly, are found within a circle having a radius of

but 2-5 km. Broadly speaking, the steep lodes show a radial grouping

aromid a centre situated in the northern portion of the occurrence ; often

they follow the well-defined walls of the younger basic dykes. Although

in general the individual lodes are not wide, as indicated in Fig. 302

they are often foimd in connected series.

The gold occurs in the form of tellurides, calaverite chiefly, sylvanite

Bubordinately, and other tellurides of gold, silver, and lead, to a still smaller

extent. Native gold occurs secondary but not primary
;
pyrite is common.

In addition, tetrahedrite, stibnite, and small amomits of galena, sphalerite,

molybdenite, etc., occur. The weight relation of gold to silver is approxi-
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mately as 1 : 10. In the rich oxidation zone, which generally extends to

a depth of about 70 m., the gold tellurides are in greater part decomposed

and the gold is free. Emmonsite •• and tellurite ^ are also found

secondary in this zone.

Of the gangue, quartz with some chalcedony and opal, forms about

60 per cent, while fluorite and dolomite equally divide the remainder.

Roscoelite," rhodochrosite, celestine, etc., are also found, though in very

small amomit. Adularia is not uncommon. On account of the small

width of the lode fissures, gangue-minerals are not present in great amount.

A considerable portion of the ore consists of the propylitized and meta-

somatically altered comitry-rock.* Mineralization probably took place

directly after the intrusion of the youngest basic dykes.

Mining at Cripple Creek began in 1891. Since 1898, gold to the value

of about 15 million dollars or £3,100,000 has been won yearly. The

total production to the end of 1905 amounted to 232,750 kg. of gold,

equivalent to 154-6 million dollars or £32,200,000 ; to the end of 1910 it

probably amounted to about 330 tons of gold, equivalent to 220 million

dollars or £46,000,000. Cripple Creek in not quite twenty years will

accordingly have produced from telluride ores about fifteen times as much
as Nagyag in 160 years.

A few years ago there were more than twenty shafts deeper than

300 m. at work at Cripple Creek. The ore on an average carries about

50 grm. of gold per ton. Rich shoots occur not only in the Tertiary eruptives

and breccias but also in the adjacent granite. No influence of the comitry-

rock upon the gold content of the lodes has been established. The amomit

of gold appears to diminish below the 300 m. level. The El Paso tmmel,

which cuts the lodes in depth, was completed in 1903.

GoLDFiELD, Nevada

Gold-quartz lodes with uniinjJortant bismuth, etc. ; lodes characterized hy

alunitization of the country-rock

The rich district of Goldfield, first discovered in 1902, is situated in

Western Nevada, about 1600 m. above sea-level, near a desert land, and in

the neighbourhood of several other Tertiary eruptive districts, that of

Montezuma lying 11 km. to the south, and Tonopah 45 km. to the north.

The geological structure of the district is illustrated in Fig. 304, which is

taken from Ransome's work.

The oldest known beds consist of what is considered to be altered

1 Te02 with some FcjOa. ^ TeOg.
3 Vanadium-mica. * Ante, p. 521.
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Cambrian and granite, which are intruded and covered by eruptive rocks

of Eocene to PHocene age. These eruptives occur as flows and intrusions,

and consist chiefly of rhyohte, latite, dacite, andesite, and basalt, this

last occurring only in flows. In addition various tufls and breccias

occur. The older of these eruptives were covered by the lacustrine Siebert

Pliocene

Miocene "i

Eocene (?) f

Basalt flows

Sandstone, etc.

Rhyolite flow

Pozo conglomerat

Siebert formation

Basalt flow

Siebert formation

Rhyolite flow, Andesite breccia

Dacite Vitrophyre flow

Andesite flow

Dacite Vitrophyre flow

Andesite

Dacite intrusion

Rhyolite sheet traversed by Dacite, etc.

Tuft' traversed by Dacite and Rhyolite

Latite traversed by Dacite and Rhyolite

Rhyolite flow

Pre-Tertiary Granite and Cambrian

+ ++ + + + + + + +
+ + +++ + + ++ +

+ +4-+ + + + + + + +
+ + + + + + + ++ +

+ + + + -!- + + + + +

+ + + + + + +^l^+-*-
+ + ++ + 4-++ + +

+ + + + + + + + + -I-

+ !- + ++»-++ + +
+ + + + +_

Unconformity.

Unconformity.

Unconformity,

Unconformity.

Long interval

in deposition.

Fig. 304.—Diagrammatic section of the Goldfield district. Ransome, 1909.

formation, 300 m. thick, after the deposition of which a not inconsider-

able denudation took place before the basalt was outpoured.

The ahmitization already described ^ extends over a large irregular-

shaped area, often 1 to 2 km. wide, illustrated in Fig. 305. Within this,

and especially in the neighbourhood of the town of Goldfield, the ore
fissures are very numerous. Those there present accomit for 95 per cent
of the total gold production, although they are contained within an area
barely 1-5 km. long by 1 km. wide. Most of the fissures occur in intrusive

dacite and but few in andesite or other rock.

1 Ante, p. 522.
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The ore-minerals are native gold with some p}rrite, bismuthinite,

famatinite,^ and small amounts of enargite, goldfieldite ^ with 17 per cent

tellurium, chalcop^Tite, galena, sphalerite, pyrargyrite, proustite, etc. At

least 95 per cent of the gold is native, only a small portion being in com-

bination. Silver is very subordinate, but 1 part occurring for every 7-5

parts of gold. The most important gangue-mineral is quartz, this being

accompanied by kaoUn, akmite, barite, selenite, and other secondary

sulphates. Calcite does not occur in the lode material.

After tremendous eruptive activity followed undoubtedly an extensive

,^^//M^''^^im^

Diajnondfield

Goldfie^

(Town

Alunitized area. Productive auriferous area.

Fig. 305.—Plau of the C4oldfield district. The white areas are chiefly andesite,

dacite, and vitrophyre. Ransonie, 1909.

period of thermal activity, from which the alunitization resulted. Later

still, probably in late Miocene or early PUocene time, a second more Umited

thermal period began, to which the introduction of the gold was due.

Since the period of ore-deposition the surface has at the most been lowered

about 300 m. by erosion. The ore now occurs in irregular fissures, which,

being limited along the strike, Ransome did not regard as lodes ^ but as

veins.*

The production, which in 1903 was small, rose in 1904-1905, and

^ Copper-antimony-arsenic sulphosalt.
a 5CuS (Sb, Bi, As)2 (S, Te)3.

3 Ransome, ' lodes or veins.'

* Ransome, ' ledges,' see Preface to Vol. I.
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still more rapidly in 1906-1907, amounting in the latter year to

406,756 oz. or 12,876 kg. of gold, equivalent to $8,455,725 or £1,750,000

when the small amount of silver present is included. Up to the end of

q 100 200 ^Ofirn'-^fh'''^H\'W'^}:^f'-^'i'l^^^^^

/ litfT
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of about 50 metres. A few years ago most of the shafts were only 250-300

m, deep. The value of the ore appears to diminish in depth.

ToNOPAH, Nevada

The Tonopah silver-field was first discovered in 1900. It fies about

Shaft

i^:'?m-m^-y:i-.^

Fig. 307.—Section throngli the Montana-Tonopah miue.

Older andesite with lodes
;
younger andesite ; intrusive rhyolite-dacite with lodes.

Both45 km. north of Goldfield and about 1800 m. above sea-level,

districts are on the western margin of the Great Basin.

The sequence of the Tertiary eruptives at Tonopah is as follows :

an older andesite of a hornblende-biotite variety ; a younger andesite

of a biotite-augite variety ; and later a rhyolite-dacite. Basalt also occurs

though only to an insignificant extent. The rocks at this place also, as at

Goldfield, are overlaid by the lacustrine Siebert formation. The whole

district is traversed by many faults, some of which have considerable throw.

These are indicated in Fig. 306.
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The more important lodes, carrying 1 part of gold to approximately 100

parts of silver, are fomid in the older andesite, but not in the yomiger

eriiptives. The formation of these lodes consequently took place immedi-

ately after the extrusion of the older andesite and before that of the yomiger

rocks. The deposition of the ore probably took place fairly near the sur-

face. These lodes contain the silver minerals, argentite, polybasite,

stephanite, etc., with some chalcopyrite, pyrite, a little galena, and

sphalerite. Selenium is also present, probably in association with the

silver minerals. Quartz is the principal gangue ; with it calcite, sericite,

and adularia occur to a less extent. In the upper levels secondary cerar-

gyrite, pyrargyrite, argentite, and native silver, are found.

In addition to these older lodes there are yomiger lodes associated

with the rhyolite-dacite eruption. These also contain silver minerals in a

quartz gangue. The gold content is relatively higher than with the older

lodes, in spite of which, however, these lodes have not the same economic

importance.

The country-rock in the neighbourhood of the lodes is greatly

propylitized. The temperature rises in depth almost as rapidly as at

Comstock.i

Of the 9,508,464 oz. or 295-7 tons of silver produced by Nevada in

1908, no less than 7,172,396 oz. or 223 tons came from Tonopah, in

addition to which Tonopah in that year also yielded gold to the value of

$1,624,475 or £338,475.

Mexico

literature

Vol. XXXII., 1902, Trans. Amer. Inst. Min. Eng. is devoted to Mexico. In it, camong

others, the following papers deserve mention.—J. G. Aguileea. ' The Geographical and

Geological Distribution of the Mineral Deposits of Mexico.'—E. Halse. ' On the Structure

of Ore-Bearing Veins in Mexico.'—W. H. Weed. ' Notes on Certain Mines in the State of

Chihuahua, Sinoloa, and Sonora ' ; and ' Notes on a Section across the Sierra Madre of

Chihuahua and Sinoloa.'—E. Ordonez. ' The Mining District of Pachuca.'—W. P. Blake.
' Notes on the Mines and Minerals of Guanajuato.'—J. W. Malcolmson. ' The Sierra

Mojada and its Ore-Deposits.'—^. P. Manzano. ' The Mineral Zone of Santa Maria del Rio,

San Luis Potosi.'

Among older works are the following : Alex. v. Humboldt. Essai politique sur le

Royaume de la Nouvelle-Espagne, III., 1811.—P. Laue. Ann. d. IMines, 6 Ser. XX., 1871.

—

S. Raminez. Noticia historica de la riqueza minera de Mexico, etc., Mexico, 1884.—E.

Halse. Articles in Eng. and Min. Jour., 1894, 1 895 ; and papers in Trans. Amer. Inst. Min.

Eng. XVIIL, XXL, XXIIL, XXIV.—Special descriptions by Aguilera, Ordonez,

Sanchez, Rangel, Gonzales y Casteo, upon Pachuca, 1897, and Real del Monte, 1899,

etc.—E. EucHS and L. de Launay. Traite des gites mineraux, 1893.—J. D. Villaeello,

T. Flores, and R. Robles, upon Guanajuato, guide to the Internat. Geological Congress,

Mexico, 1906.—R. Robles, upon Hidalgo del Parral, ibid.

—

Antonio del Castillo.

Geological and Ore-Deposit Map of Mexico, 1889.—Written communications from Ordonez

to Vogt.

1 Ante, pp. 517, 562.
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In Mexico, the country richest in silver and at present responsible

for the greatest production of that metal of any coimtry of the world,

the Tertiary eruptives, chiefly Miocene and post-Miocene, have a tremendous

distribution, especially in the Sierra Madre the immediate continuation

of the Rocky Mountains, and in the hill ranges and enclosed plateau near

.ARIZONA NEW MEXICO

P^G. 308.—Map of the silver- aud gold deposits of Mexico. A. del Castillo, 1889.

Ch, Chihuahua ; SE, Santa Eulalia ; SM, Sierra Majoda ; M, Mapimi ; B, Batopilas : S, Sombrerete
;

F, Fresnillo ; C, Catorce ; (;, Guadalcazar ; LP, Saii Luis Potosi ; P:0, El Oro ; T, Tasco ; 0, Oaxaca.

Mexico City. These Tertiary rocks include andesite, dacite, rhyolite,

obsidian, perlite, trachyte, phonolite, basalt, etc., with attendant plu-

tonic rocks, agglomerates, and tuffs. According to the geological map
of Mexico, these rocks, chiefly as eruptive flows, occupy about half the

surface of an area 750 km. long and 200-300 km. wide in the above region.
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Of the sedimentary formations present the Cretaceous has the largest

extent.

In Mexico too, most of the lodes, carrying sUver chiefly but also some

gold, are connected both spacially and genetically with young eruptive

epochs ; indeed the majority of these lodes occur actually within Tertiary

eruptives, chiefly in andesite, more seldom in rhyolite, etc., but also in

granite and diorite. In addition, there are many which though found in

sedimentaries are in the vicinity of eruptives. Of these Aguilera says,-" " It

is evident that they are related to and dependent upon andesitic Tertiary

eruptive rocks." The silver belt, as indicated in Fig. 308, first extends

as the continuation of the metal province of Arizona, Nevada, etc., along

the Sierra Madre, especially its western slope, and then farther south

occupies the central plateau mentioned above. Still farther east-south-

east many similar lodes are found in the State of Oaxaca, so that the length

of this belt ^vithin Mexico reaches the astounding figure of 2200 kilometres.

In these Tertiary silver lodes gold is always present, though gener-

ally in such small amount as 1 part of gold to 140-400 parts of silver.

The principal lode of the Promontario mine in Durango for instance,

occurring in rhyolite-porphyry, produced from December 5, 1896, to

August 18, 1906, 179-1 tons of silver and 493-2 kg. of gold, or 1 part of

gold to about 360 parts of silver.^ Beside the silver lodes there are in

many districts gold- or gold-silver lodes of the same age and genesis,

for instance, that important producer of recent years, the El Oro,

situated about 100 km. west-north-west of Mexico City ; the lodes at

and near this mine occur in andesite and Mesozoic sediments. In

addition, the following gold lodes which occur entirely in andesite may
be mentioned : Taviche in Oaxaca, Ixtlan in Tepic ; Cerro Colorado in

Chihuahua ; and the lodes at Guadelupe-y-Calvo, formerly so famous,

likewise in Chihuahua, with 1 part of gold to some 10 parts of silver.

In addition to these Tertiary lodes, Aguilera, Ardonez, and Lindgren ^

mention two other classes of gold deposit, namely :

(a) Contact occurrences of gold ore with copper ore in diorite and

limestone of late Cretaceous or Tertiary age. Such are found

more particularly on the eastern slope of the Sierra Madre,

well-known instances occurring at Encarnacion and San Jose

del Oro in Tamanlipas, Mazapie in Zacatecas, and farther south

at Santa Fe in Chiapas. As described later, a considerable

proportion of the copper deposits of Mexico are of contact

character, such deposits standing in genetic association with

fairly young eruptives.

1 Loc. cit., 1902. 2 Church Lincohi, Trans. Amer. Inst. Min. Eng., 1907.

3 Ante, p. 553.
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(b) Gold lodes with little silver, in granite and other old rocks. These

occur chiefly on the west coast of Mexico, in Sonora, Sinaloa,

Tepic, Guerrero, and Oaxaca. To these belong among others

the lodes of the second most important gold district of Mexico,

Minas Prietas in Sonora. These lodes are comparable with those

of Cahfornia.

According to an estimate by AV. Lmdgren ^ the gold production of

Mexico is approximately distributed, as to some 20 per cent from the lodes

just mentioned, which are probably Mesozoic ; and as to 80 per cent from

the Tertiary and chiefly post-Miocene gold- and gold-silver lodes.

Galena and sphalerite, etc., are found in most of the silver lodes of Mexico,

especially in depth. In addition, both these sulphides occur particularly in

metasomatic deposits in Cretaceous limestone and slate, usually in connec-

tion mth eruptive rocks,^ andesite and rhyolite particularly ; from these

deposits the bulk of the expanding lead production of Mexico is derived

;

the galena strangely enough is rather poor in silver. Occurrences of this

kind are foimd at : Santa Rosa de Muspuiz, Sierra Mojada, and Mula in

Coahuila ; Naica and Los Adargas in Chihuahua ; La Velardena and Mapimi

in Durango ; Cerralvo in Nuevo Leon ; Zimapan, Pechuga, Cardonal, and

Lomo de Toro in Hidalgo ; Caltepec, Santa Ana, and Tehuacan in Pueblo
;

Bramador in Jalisco ; Sombrerete, Mazapie, and Noria de Angeles in

Zacatecas ; and Huetamo in IMichoacan.

The following statement of the production of silver, gold, and lead

in Mexico from ages past to present time will give an idea of the position.
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The total production of Mexico from 1851 to 1909 may be estimated at

122,500 tons of silver, worth some 925 million sterling ; and about 450 tons

of gold, worth about 75 million sterling. Elisee Keclus,^ basing himself to

some extent upon the same data, gives the following figures : from 1521

to 1890 silver to the value of about 800 million sterling, and gold 36 million

sterling. The data available for the earlier years are however quite

unreliable.

As far back as 1519 when Cortes arrived in Mexico, the Aztecs were

found to possess enormous treasure of precious metal, and particularly of

gold. Soon afterward several mines were started, Pachuca for instance

in 1522, Zacatecas in 1546, Durango somewhat later, and Guanajuato in

1558, while the patio process was introduced in 1557. Under Spanish

rule gold and silver mining flourished exceedingly ; during, and for some

time after the War of Independence it fell ; while now, again, within the

last twenty years, favoured by the construction of many railways, it is

particularly active.

Of the famous silver - mining districts, Pachuca and Real del

Monte lie about 90 km. to the north-east of Mexico City ; Guanajuato

and Veta Madre about 275 km., and Zacatecas and Veta Grande 525 km.

to the north-west. Others worthy of mention are Villanueva, Fresnillo,

etc., in Zacatecas ; Guadalcazar, Catorce, San Pedro near San Luis, etc.,

in San Luis Potosi ; Parral, Santa Eulalia, and Batopilas in Chihuahua
;

Chipioneiia and Carmen in Sonora. Beside these there are a considerable

number of other mines, so that the present production of the comitry is

derived from many lodes and is distributed among all the states with the

exception of Yucatan. The Tertiary silver lodes generally occur high up
in mountainous country ; Tasco for instance is 1600 m. above sea-level,

Pachuca 2460 m.. Real del Monte 2765 m., Guanajuato 2000 m., and
Zacatecas 2500 metres.

These Tertiary lodes have quartz generally—often with amethyst and
chalcedony—as principal gangue-mineral ; in addition calcite, and some-

times also barite. Rhodochrosite, rhodonite, and apophyllite are common.
Fluorite on the other hand is absent from most lodes, or only occurs here

and there and in small amount. The most common primary silver minerals

are argentite, pyrargyrite, proustite, stephanite, polybasite, tetrahedrite,

etc. These are accompanied by pyrite, galena, sphalerite, etc.

In the oxidation zone—which with the more important lodes extends

occasionally to a depth of 100-150 m.—cerargyrite, bromargyrite, and
native silver are fomid in addition to the usual iron- and manganese
oxides, while gold is also often present in considerable amomit. These

easily amalgamable ores rendered possible the large early production of

1 Geogmphie universelle, Paris, 1891, Vol. XVII. p. 294.
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precious metal. Below this zone masses of silver minerals, chiefly

concentrated in bonanzas, often follow. Deeper still the proportion of

galena and sphalerite, etc., increases, and most of the lodes so rich above

become impoverished. Finally, in depth it is often enough the case that a

non-argentiferous lead-, lead-zinc-, or lead-antimonial ore-body is found.

The Fresnillo mines illustrate this impoverishment m depth. These

mines, opened in 1824, had in 1863 reached a depth of 405 m. The total

production from 1833 to 1863 was 902,268 kg., during which period, accord-

ing to Lam-, the average silver content was as follows :

1835 . . . 0-225 per cent. 1854 . . . 0-063 per cent.

1839 . . . 0-146 „ 1859 . . . 0-062

1844 . . . 0-115 „ 1863 . . . 0-056

1849 . . . 0-078

In accordance with this decrease of value in depth the Tertiary silver

mines in Mexico are usually not particularly deep, and though the Valen-

ciana mine on the Veta Madre near Guanajuato some years ago reached

a depth of 622 m., a depth of 500 m. is rarely attained even in the most

famous mines
;
generally it fluctuates betw^een 400 and 500 metres.

Many of the Mexican silver lodes attain a considerable length along

the strike ; the Vizcaina, Analco, and San Crist6bal at Pachuca, for instance,

have lengths of 16 km., 6 km., and 4 km. respectively, though the width

is seldom more than 7 m. The exposed length of the Veta Cantera at

Zacatecas is more than 12 km., the width being 12-15 m. on an average,

though occasionally more than 30 m. The neighboming Veta Grande has

a similar or perhaps even greater length. The famous Veta Madre at

Guanajuato is likewise many kilometres long and occasionally even more

than 150 m. in width, so that in mass it is comparable to the Comstock

ore-body.

These powerful lodes of Mexico often exhibit a brecciated structure

and it is probable that they invariably represent faults. Composite lodes

are common. At Pachuca and Real del Monte, which are but 5 km. apart,

considerable outbreaks of andesite took place in Miocene times ; later,

rhyolite followed, with dacite, obsidian, pitchstone, and tufis ; and finally

basalt. The lodes though chiefly paraUel shew many bifurcations and

linked veins. At Pachuca, for instance, four principal lodes are worked,

namely, the Vizcaina, El Cristo, San Juan Analco, and Santa Gertrudis,

besides the neighbouring lodes of Real del Monte. These lodes, which in

greater part occm- in andesite, are younger than the rhyolite but older

than the basalt. Those in most of the other districts, Zacatecas for

example, have approximately the same geological position. In others,

as that of Guanajuato, they occur m sedimentary formations, the

Cretaceous, Triassic, etc., though in close proximity to Tertiary eruptives.
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The following figures relative to the production of individual districts

will be of interest. The Santa Eulalia district 25 km. east of the toTSTi of

Chihuahua has since 1703, or roughly during the course of 200 years, pro-

duced silver to the value of 28 million sterling ; and the Batopilas district

about 12 million sterling.^ Chihuahua, when copper and lead also are con-

sidered, is now the most important mining district of Mexico. Pachuca ^

from its discovery, in 1522, to 1901 yielded more than 3500 tons of silver

worth more than 31-5 million sterling. One single bonanza of elliptical out-

line, having the dimensions 1000 x 400 x 2J m., yielded in the course of ten

years a value of close upon £3,000,000 ; another from 1853 to 1883, close

upon £6,000,000 ; while an earlier bonanza is stated to have been richer

still. Zacatecas, including Veta Grande, is stated from 1548 to 1832 to have

produced silver to the value of almost 150 million sterling, equivalent to some

14,000 tons of silver, though according to other data this figure is too liigh.

Guanajuato ^ in silver and gold has produced as follows : 1701 to 1800, some

279-7 million dollars ; 1801 to 1829, some 85-8 million dollars ; 1830 to

1887, some 277-6 ; equivalent to a total of 643-1 million dollars or about

134 million sterling. To this must be added the very considerable produc-

tion from 1558 to 1700, and that since 1887. Some idea of this latter may
be gathered from the fact that during the period 1900-1903 the value

produced was 6-2 million dollars. The total production of the Veta Madre

at Guanajuato, Humboldt estimated at 80 million sterling. The total

production hitherto from Guanajuato may probably also be put down at

some 160 million sterling, equivalent to some 17,000 tons of silver. The

most imposing impression of the silver production of this coimtry is obtained

when it is considered that during the period 1899-1908 almost 2000 tons

of silver were produced annually, the actual average having been 1890

tons. Even after the fall in the price of silver at the beginning of the

'nineties, the silver production of Mexico still continued to rise.

In the small Republics of Central America also, several Tertiary silver-

gold deposits occur, one of the better known being that of San Juancito

in Honduras,^ which in 1903 produced 21,266 kg. of silver and 113 kg. of

gold. The output of gold was greater formerly.

^ Fuchs and De Launay, 1893.

2 Ordonez, loc. cit., 1902.

8 Trans. Amer. Inst. Vol. XXXIL, 1902, p. clxxxix.
* Leggett, Trans. Amer. Inst. Min. Eng. XVII., 1889.
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Lodes of the South American Cordilleras and the Bolivian

Silver-Tin Lodes

LITERATURE

G. Steinmann. tjber gebundene Erzgange in den Cordilleren Siidamerikas. Intei-

national Congress, Diisseldorf, 1910 ;
' Gebirgsbildung und Massengesteine in den CordiUeren

Siidamerikas,' Geol. Runds. I., 1910, Pts. I.-III. ;
' Uber die Zinnerzlagerstatten Bolivias,'

Zait. d. d. geol. Ges., Jan. 1907 ;
' Observaciones geologicas effectuadas desde Lima hasta

Chanchamayo,' Bol. Cuerpo, Ing. Min. Peru, Lima, 1904 ; Die Entstehung der Kupfererz-

la<Terstatte von Corocoro und verwandten Vorkommnisse in Bolivia. Rosenbusch Celebra-

tion, Stuttgart, 1906.—A. W. Stelzner. ' Die Silber-Zinnerzlagerstatten Bolivias,' Zeit.

d. d. geol. Ges. II., 1897, wherein the works of A. v. Humboldt, A. d'Orbigny, D. Forbes,

H. Reck, A. Gmehling, etc., are mentioned. The following works deal especially with Potosi

:

A. F. Wendt. ' The Potosi Bolivia Silver District,' Trans Amer. Inst. Min. Eng. XIX.,

1891.

—

Wiener. ' Oruro,' Ann. d. Mines, Paris, Ser. 9, V., 1894.—W. R. Rumbold.
' The Origin of the Bolivian Tin Deposits,' Econ. Geol. IV., 1909.

—

Everding. ' Unter-

lagen zu einer bergmannischen Lagerstattenbegutachtung im bolivianischen Zinnerz-

distrikt,' Gliickauf, 1909, p. 1325. The works of Domeyko, Moricke, etc., upon Chili are

cited when describing the copper lodes of Chili.

By far the greater number of the metalliferous lodes of the Cordilleras

of South America are of Tertiary age. They are always associated with

eruptive rocks upon which, both m their occurrence and extension, they

are manifestly dependent. Along the 6000 km. length of these Cor-

dilleras the eruptives, according to Steinmann, appear in three forms.

The volcanoes which were active in late Tertiary and Diluvial time have

long been known. These in their extension coincide essentially with the

principal moimtain range ; they how^ever carry no ore ; no lodes are found

either in those which are active or those which are extinct, while even the

necks of those which have been eroded appear to be equally free.

In these Cordilleras those eruptive rocks which probably belong to

early Tertiary must be regarded as the vehicles of the ore. These consist

partly of granular plutonic rocks of granitic or dioritic character, con-

stituting the second form of eruptive occurrence ; and partly of por-

phyritic rocks of liparite-trachyte or andesite-dacite nature, constituting

the third form. These older eruptives have a much larger distribution

than the yomiger rocks mentioned above, which in addition are generally

more basic. Many not unimportant deposits, especially of gold- and

copper ore, occur in connection with the early Tertiary grano-diorites in

the Andes ; but more important still are the lead, silver, copper, zinc,

tin, and gold occurrences regularly associated with the andesitic and

allied rocks which may be observed everywhere in Peru, Bolivia, and

farther south in Chih and Argentina.

The intrusions of andesite or andesite-liparite, and the lodes associated

with them, are found concentrated in a wide belt embracing the principal

mountain range. In the north of Chili and Argentina, and in Bolivia,
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tliis belt is in places 500 km. wade, a width which northwards and

southwards diminishes to 250 km. and even to 100-150 km. To the east,

along the ranges which descend on the one side to the lowlands of

Brazil, Bolivia, and Argentina and on the other towards the Pacific, the

andesites and liparites, and with them the lodes, are less extensive. In

detail the association between these rocks and the lodes is more evident still.

The andesite and allied rocks generally appear as dykes, lenses, or bosses,

which vary from those of small dimension to such as are 10-20 km. across.

From their geological situation these may most fittmgly be regarded as

inclined or vertical laccoliths, which ended blindly without reaching the

original surface, and which consequently were not generally accompanied

by craters or tuffs.

The lodes with silver sulphide minerals, etc., and locally with tin and

gold content, exhibit generally the most intimate connection with these

deep early-Tertiary laccoliths. Ordinarily they occur in the eruptive

itself or in the closest proximity thereto. This is the case for instance

at Potosi, Oruro, Huanchaca, and other Bolivian deposits ; and at

Cerro de Pasco, Huallanca, Ticapanupa, Tarica, Morococha, Hualgayoc,

and other places in Peru. Limited occurrences consisting of one or two

small lodes of little extent are numerous in the Cordilleras, these being

associated with small dyke-like eruptive masses. All the larger and more

productive districts, on the other hand, are associated with extensive

masses which either consist of large single peaks, as for instance at Cerro

de Potosi and Chorolque, or form composite massives as at Cerro de Pasco,

Morococha, Oruro, etc. Steinmann from this draws the conclusion that

in the Cordilleras there exists a quantitative relation between the bulk of

the ore vehicle and the number and content of the lodes produced by
it. Similar quantitative relations have already been noticed in connection

with some magmatic eruptive deposits.^

The lodes of the Cordilleras are in many places found concentrated

in the boundary region between the eruptive and the surrounding

sediments, as illustrated by the diagrammatic representation of the

occurrence at Cerro de Pasco in Fig. 309, where the laccolith has been

freed from its mantle of sediments. The uncommonly numerous lodes

traversing the marginal portions of the eruptive and adjacent sedi-

ments at this place, were remarkable for abnormal richness in silver.

In depth these lodes decreased both in number and content. The

Socavon Real adit, put in at great expense at the foot of the hill and

680 m. below the summit, disappointed the hopes upon which it was

started, in that it encountered but few lodes, and these relatively poor.

The Tertiary gold-silver lodes of the Cordilleras usually contain quartz

1 Ante, pp. 247, 288, 295.

VOL. II F
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as the principal gangue - mineral. Fluorite, zeolites, carbonates, and

barite are absent from most, though the two last-named appear abundantly

in some. With these lodes also, gold and silver are closely associated,

these two metals either occurring together in the same lode or in separate

though neighbouring lodes. For instance, in the important silver district

of Hualgayoc the gold is practically limited to one single lode. Humboldt ^

estimated the average annual precious-metal production of Potosi up to

the coinmencement of the nineteenth century at 481,830 marks ^ of silver

and 2200 marks of gold, or 1 part of gold to 200-250 parts of silver.

Many of the lodes are characterized by well-defined primary depth-

zones. Those of Cerro de Pasco- for instance, which in times past were

responsible for the greatest silver j)roduction of Peru and for centuries

were worked almost exclusively for silver, in depth passed over in part to

op'd.i?n.

Fig. 309.—Diagrammatic section across Cerro de Potosi, showing the collection of lodes at

the contact of the eruptive with the sediments, and the diminution of the number of lodes in depth.

The dotted lines represent the beds removed by erosion. Steininann, 1910.

become copper lodes. In the case of the silver-tin lodes of Bolivia, the

tin according to Steinmann is generally fomid concentrated in the upper

levels, while the silver ore is found below. Many of the silver lodes

proper contained quantities of secondary silver minerals in the oxidation

zone, such for instance as native silver and cerargyrite, which are easily

amalgamable ; it is nevertheless a striking fact that secondary enrichment

such as wou.ld constitute a cementation zone is, according to Steinmann,

either entirely absent or extremely infrequent.

The silver-tin deposits of Bolivia, which have been more particularly

investigated by Stelzner, are of especial interest. They occur in the

Eastern Cordilleras or Cordillera Real where active volcanoes are absent,

and lin the high plateau confined between these and the Western or Coast

Cordilleras. In the northern portion of this extent is situated the Titicaca

Lake at an altitude of 3854 m. above sea-level. The highest point of these

1 Citation by Soetbeer. 2 \ mark = 8 oz.
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Eastern Cordilleras, which have an average height of 4700 m., is the

Illampu with a height of 7513 metres. The average altitude of the Western

Cordilleras is 4550 metres. La Paz and Oruro, together with the places lying

along the line Oruro-Ujuni to the south, are the delivery stations for the

tin ore, the mines lying almost exclusively east of this line. The deposits

of the north-western portion of the Eastern Cordilleras yield tin ore almost

exclusively, with quite subordinate silver, bismuth, wolfram, and antimony

ores. On the other hand, in the adjoining portion of the broad lode belt

to the south-east, silver ores play a prominent part. While formerly

silver-mining conducted in the rich ores of the upper levels was alone of

economic importance, tin-mining has latterly become more and more
prominent. The districts of Potosi and Huanchaca are to-day the most

important of the silver-mining districts.

The Western Cordilleras consist of Mesozoic strata, chiefly Jurassic

or Cretaceous, which have been repeatedly intruded by young eruptives.

Their extent is marked by a long row of volcanoes, some of which are

still active. The high tableland between the two Cordilleras is a desolate

sandy steppe almost without vegetation and often assuming the char-

acter of a salt desert. The Eastern Cordilleras consist of Palaeozoic slates,

quartzites, and grauwackes, chiefly Silurian and Devonian, which sediments

in the most highly contorted portion of their occurrence are seen to be

underlaid by granite. All these rocks are traversed by an abundance of

Tertiary eruptives.

Those unique lodes which contain both silver and tin extend from

the 16th parallel in the southern portion of Peru, to the 22nd parallel and
perhaps even still farther south. The length of the belt in which they

are contained is accordingly about 800 km. It is 300 km. wide. The
most important districts are Carabuco, Avicaya, Milluni and Huayna-
Potosi, Monte Blanco in the Quinza-Cruz mountains, Colguiri, Oruro,

Morococha, and Huanuhi, Llallagua, Colquechaca, Potosi, Porco,

Pulacayo, Huanchaca, Chocaya, Tasna, Chorolque, etc. In this last

district the mines are fromj'3500 to 5200 m. above sea-level. The lodes

usually carry tin as well as silver in one and the same lode, the

intergrowth of the two ores being generally so intimate that the ore is

first chloridized and then amalgamated or cyanided for silver, and after-

wards dressed for tin. Several lodes in part carry silver ore without tin,

or tin ore without silver.

The primary silver minerals are principally sulpho-salts, antimonial

tetrahedrite in the first place, then pyrargyrite, proustite, and stephanite,

etc. Argentite, the new mineral sundtite, etc., also occur. These minerals,

which are here regarded by difierent authorities as primary, are those

which in other districts are found in the cementation zone. Other
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undoubtedly primary minerals present are pyrite, arsenopyrite, p5rrrliotite,

chalcopyrite, stibnite, galena, sphalerite, ullmannite, and bournonite, and

occasionally abmidant bismuth ores. The most important tin ore is

cassiterite. The sulpho-stannates stannite,^ plumbostannite, canfieldite,

franckeite, and cylindrite also occur, the first-named being found in some

lodes in notable amomit. The three last-named contain germanium.

The silver - germanium sulpho - salt, argyrodite, which contains 6-5

per cent of germanium, also occurs. The Bolivian silver-tin lodes are

relatively the richest in germanium of any hitherto investigated. Tin

and germanium belong, as is well known, to the same periodic system.

Wolfram, elsewhere the constant associate of cassiterite, is here repre-

sented only in some lodes.

The most important gangue-mineral is quartz, which is occasionally

accompanied by some calcite and barite. The characteristic minerals of

the typical tin lodes, ^ fluorite, tourmaline, lithia-mica, topaz, apatite, and

other combinations rich in fluorine and boron are, on the other hand,

either completely absent or have only been established as mineralogical

rarities. Fluorite is extremely uncommon, while tourmaline, so character-

istic of many of the Chilian copper lodes, occurs only sporadically in the

Bolivian silver-tin lodes.

Along the lodes a kaolinization of the country-rock is often found,

and sometimes a silicification, while greisen formation, otherwise so charac-

teristic of tin, receives no mention. These Bolivian silver-tin lodes, rich

in tin, differ essentially therefore in this respect from the ordinary tin lodes,

though certain resemblances remain.' On the other hand, mineralogically,

chemically, and geologically, they agree in their broad lines with the normal

Tertiary silver lodes, though naturally with the difference that the Bolivian

lodes carry cassiterite and other tin minerals which the normal silver

lodes, with but few exceptions, do not.'*

Stelzner put forward the Bolivian lodes as representative of what

he termed the Potosi type in contradistinction to the Schemnitz type

of Groddeck. These lodes belong none the less to the Tertiary silver

lodes which are distributed along the entire length of the Cordilleras,

from Ecuador or Colombia in the north, to Chili and Argentina in the

south. It is nevertheless striking that, occurring over a length 800 km.

along this lode belt, they should be characterized by richness in tin,

while the silver lodes to the north and south, similarly situated geo-

logically, contain none of that metal.

The Bolivian lodes at the outcrop have a stanniferous gossan, in

which, according to Stelzner, wood-tin is present as a secondary mineral

1 Cu2FeSnS^ with 27-5 per cent Sn.
2 Ante, p. 413.

""

^ Ante, p. 423. « Ante, pp. 423, 548.
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derived from primary sulphide tin ores. The ores at the outcrop, containing

native silver, cerargyrite, pyrargyrite, proustite, etc., are locally termed

Pacos, the undecomposed ores in depth are Negrillos or black ores, while

those between the two are termed Mulattos}

In addition to the above-described lodes characterized by the common
occurrence of silver and tin and by the comparative absence of the

usual tin minerals, there are also in the Eastern Cordilleras, according to

Rmnbold, a number of tin lodes which carry, in addition to quartz, a

considerable amount of tourmaline, and which mineralogically and

geologically closely resemble the ordinary tin type.^ These appear to be

associated with a quartz-porphyry which, according to the above-mentioned

authority, is older than the Tertiary eruptives. This however requires

confirmation. Such tin lodes poor in sulphides are found more particu-

larly at Gruro and in the neighbourhood of Tres Cruces, 90 miles to the

north. The greater part of the Bolivian tin ore produced in recent

vears has probably been derived rather from these more characteristic tin

lodes than from the combined tin-silver occurrences.

The economic importance of the silver lodes of the South American

Cordilleras may be gathered from the following figures of production, of

which the earlier are, however, somewhat uncertain :

Cole



584 ORE-DEPOSITS

From these figures it appears that BoHvia with its stanniferous lodes

takes first place. The richness of the silver deposits of Potosi discovered

in 1545 was enormous/ and the total production of this district alone

is given as some 30,000 tons. According to Soetbeer the production

during the period 1545-1600 amounted to more than one-half the world's

production at that time. In depth the lodes became poorer and the

district consequently declined. In addition to Potosi other rich lodes

have been worked in Bolivia ; the Compagnie Huancliaai de Bolivia

for instance, from 1873 to 1888 produced silver to the value of 50-6

million dollars, of which amount 19-5 million were distributed to the

shareholders.

The history of the Bolivian and Peruvian silver mines is briefly as

follows : After the conquest of the country by Pizarro in 1533 the output

of silver, particularly from the district around Potosi, was very con-

siderable. In the eighteenth century the easily treated ore from near

the surface being in greater part exhausted, a decline followed, which

during the War of Independence in the early part of the nineteenth

century, 1809-1825, became more and more pronounced. The building

of railways, however, to remote mining districts in the 'seventies brought

about a revival which reached its zenith in the 'eighties, to be followed

in turn by a decline consequent upon the fall in the price of silver during

the years 1892-1894.

The Bolivian tin ores were formerly either not worked or only in-

adequately so, for lack of commimication. Since the completion of the

railways however this particular mining has developed considerably. It

is especially the north-western portion of the Eastern Cordilleras which is

stanniferous. There, on the southern slope of the Illampu-Illimani moun-

tains at a height of about 5000 m., the tin mines of Huayna-Potosi and

Mullini are situated. To the south-east, separated by the valley of the

La Place, is the Quinza-Cruz massive, which is reckoned to be particularly

rich in tin. The more important mines, most of which however are only

in process of development, are the Monte Blanco, Huanchaca de Inguisiri,

Concordia, Santa Rosa, and the Capacabana, all about 5000 m. or more

above sea-level. South-east of the Quinza-Cruz mountains lie the mines of

Colquiri, and isolated on the west slope, that of Araca. The most important

tin occurrences at present are El Balcon and Penny Dmican at Pluanmii,

30 km. from Machacamarca ; and Avicaya, Totoral, and Antequera,

10-25 km. from Paznia. The deposits at Patino and Illalayua in the

environs of Unicia are also deserving of mention.

The country-rock on either side of the lode is generally silicified

to a light-grey quartzitic rock. The lode itself consists chiefly of quartz,

1 Ante, p. 580.
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cassiterite, and pyrite, while arsenopyrite, chalcopyrite, sphalerite, galena,

and bismuthinite, occur to a less extent.

In the north-western part of the Eastern Cordilleras the characteristic

ore is a silicified rock traversed by a network of small veins and fissures

filled with cassiterite and p}Tite, these minerals sometimes also forming

lenses or nests. On the wall a compact layer of mineral 2-5 cm. thick

often occurs. As a rule the tin content of the pyrite cannot be dis-

tinguished macroscopically, though occasionally crystal individuals may
be seen. According to Everding it would appear that cassiterite with

quartz occurs more plentifully as an upper primary depth-zone, while

compact pyrite containing tin forms a lower zone. The payable portions

contain 3-6 per cent of tin on an average, though occasionally the content

is as high as 15 per cent. The oxidation zone—which generally extends

to a depth of 60 m. below the surface and sometimes as much as 300 m.

—

consists of limonite and brown-stained rock fragments with unaltered

cassiterite.

According to the statistics of the Mefallurgische Gesellschajt, Frank-

fort, the weight of metallic tin in the Bolivian output of ore has at

different periods been as follows :

1885 .
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Of the gold- and silver lodes of Japan those of Tertiary age only are

concerned in this present brief description ; at all events the largest propor-

tion of the mines working to-day, some of which are producing considerably,

exploit Tertiary lodes. These occmr both in sedimentary formations and

in eruptive rocks. In many cases it is not a question of a simple fissure

but of a shattered zone associated with intense impregnation in Tertiary

tuff, schist, or liparite. Often with these deposits, the bodies of which

so far appear to increase in depth, copper ore also occurs. To such as

these belong the important gold lodes at Poropets in Hokkaido, and Washi-

nosu in Rikuchu, as well as the silver deposits of Fukuishi near Omori in

Iwami, and Matsuoka and Hata in Ugo. Tertiary eruptives, such for

instance as andesite, dacite, liparite, and basalt, are strongly represented

in Northern Japan, and particularly along the central range. In these

eruptives, and especially in andesite, most of the gold- and silver occurrences

are fomid.

The principal deposits are : Hoshino in the province of Chikugo, where

quartz lodes with pyrite, sphalerite, gold, and silver, occur in andesite
;
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Serigano in 8atsuma, quartz lodes in andesite with pyrite, chalcopyrite,

gold and silver, 78 kg. of gold having been produced in 1908 ; the Yama-
gano district in Satsuma, many productive quartz lodes in andesite with

calcite, pyrite, gold, argentite, etc., 1 part of silver occurring with 5

parts of gold, 370 kg. of gold having been produced during 1908 ; Sado or

Aikwa in 8ado, quartz lodes in andesite and tuff, with calcite, dolomite,

selenite, native gold and silver, argentite, chalcopyrite, pyrite, galena,

sphalerite, and less often stephanite, pyrargyrite, etc., 427 kg. of gold

having been produced in 1908 ; Zuiho in Formosa, where in 1908 about

280 kg. of gold were produced from lodes in Tertiary sediments ; Kago in

Satsuma, with gold lodes in andesite and liparite ; Otani in Satsuma,

with lodes in liparite and Tertiary sediments ; Ushio and Okuchi in

Satsuma, where from gold lodes in andesite 435 kg. of gold were produced

in 1908 ; and finally, Poropets in Hokkaido, where from lodes in liparites

and Tertiary sediments 216 kg. of gold w^ere produced in 1908.

The following important mines produce silver chiefly : Kanagase

and Tasei, Ikuno in Tajima, with silver- and copper ore in liparite, 6590 kg.

of silver having been produced in 1908 ; Innai in Ugo, with silver ore in

andesite, liparite, and Tertiary sediments, production in 1908, 2950 kg. of

silver ; and Tsubaki in Ugo, with silver- and lead ores in Tertiary sediments

and andesite, 38,700 kg. of silver having been produced in 1908.

In addition, many other similar occurrences have been recorded in

the provinces Iwami, Ugo, Rikuchu, Kaga, Juwashiro, Iwaki, Mine, Bizen,

etc. These are found in andesite and liparite and occasionally also in

Tertiary tuft". With some of them silver predominates, with others gold.

An intimate admixture of sphalerite, galena, chalcopyrite, pyrite, with

gold and silver in varying amount, is found widely distributed in Japan.

Such is known locally as Kuromoro or black ore. Probably not less than

two-thirds of the silver production of Japan in 1908 was derived from this

fine-grained mixture. Some silver is also won as a by-product in treating

copper ores ; from lead ores on the other hand a surprisingly sinall amount,

only one-twentieth of the total production, is recovered.

Sumatra

literature

S. J. Truscott. Trans. Inst. Min. Met. X. pp. 52-73 ; reviewed in Spurr's Tonopah
work previously cited.—W. Liebenam. ' Review of Truscott's Paper,' Zeit. f. prakt. Geol.,

1902, p. 225.—P. Krusch. Untersuchung und Bewertung von Erzlagerstatten, II. Edit,

p. 188.—Written communications from Miiller-Herrings to Krusch.

In south-western Sumatra ^ is situated a lode district consisting of a

disturbed zone 30 km. in length, along which seven hot springs occur.

1 Zeit. f. prakt. Geol, 1902, p. 227.
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The lodes of this district are in part large gold-silver lodes with quartz and

chalcedony gangiie ; they have hypersthene-andesite in the hanging-wall

and rhyolite of Miocene age in the foot-wall. The former in the vicinity

of the lode is propylitized.

The lodes worked in the Eedjang Lebong and Lebong Soelit mines

in another district, carry gold partly free and partly combined with selenium.

The peculiar composition of the| gold ore, which has not yet been

definitely determined, has all along excited the interest of those geologists

who have visited these mines. The gold- and silver minerals are very finely

distributed throughout a quartz and chalcedony gangue which, near the

walls especially, exhibits crusted structure. The chalcedony is more

plentiful in the neighbourhood of the walls than towards the middle of the

lode. The rule, demonstrated in the laboratory, that solutions with equal

silica content when cooler deposit chalcedony and when hotter tend to

the formation of quartz, apparently here finds confirmation.

The lode at Redjang Lebong reaches up to 22 m. in width, while it

has so far been developed for a length of 300 m. along the strike. To

the north and south at either end it pinches out. The ore treated per

year amounts to about 100,000 tons containing 30 grm. of gold and 250

grm. of silver per ton, or 1 of gold to 8 of silver. Selenium occurs to an

extent equal to 2-5 per cent of the bullion recovered. It appears to be

associated with the silver rather than with the gold. The highly

seleniferous slags from smelting have been treated for selenium. Spurr ^

recognizes an analogy between this deposit and those at Tonopah in

Nevada.2 In the year 1906, 1426 kg. of fine gold and 7600 kg. of fine

silver were produced, while in the same year from Lebong Soelit, about

18 km. farther to the west, the production was 463 kg. of gold and 645 kg.

of silver.

The Hauraki Goldfield, Neav Zealand

literature

J. Park, F. Rutley, Ph. Holland. ' Notes on the Rhyolites of the Hauraki Gold-

field,' Quart. Jour. LV., London, 1899.—A. M. Finlayson. ' Geol. of the Hauraki Gold-

field,' Econ. Geol. IV., 1909, wherein many publications in New Zealand are cited.:;—

W. LiNDGREN. Eng. Min. Jour. Vol. LXXIX., 1905, p. 218.—J. R. Don. Trans. Amer.
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1897, pp. 92-98.

This goldfield wliich is situated in the Cape Colville peninsula and neigh-

bourhood, North Island, New Zealand, is connected with a Tertiary eruptive

area 125 km. long and 15 to 30 km. wide, consisting chiefly of andesite,

1 Loc. cit. 2 ^,;^e, pp. 525, 570.
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dacite, and rhvolite.^ The lodes found there cany quartz with free

gold principally, but occasionally also gold- and silver tellurides. They
contain but little pyrite, chalcopyrite, sphalerite, arsenopyrite, stibnite,

pyrargyrite, proustite, etc. Some are gold-silver lodes, as for instance

those in the Waihi district, where 1 part of gold is produced to every

30 parts of silver. The deposits occur chiefly in andesite and dacite. The
propylitization in connection with these lodes has been exhaustively

studied by Finlayson.^

In the Thames district, from the discovery of gold in 1867 to the year

1897, gold and silver to the value of about 7-5 millions sterling were won,

of which 6 millions were obtained from an area of but 3 sq. km. These lodes

were generally poor when their whole length and breadth were considered
;

they contained however some especially rich shoots or bonanzas. Accord-

ing to Finlayson these shoots were primary and not secondary in character.

In depth they became impoverished. Not far away is the Coromandel

district and, somewhat to the south, the Karangahake and Waihi districts

with gold-silver lodes. The Waihi mine in this latter district from 1890

to 1907 pelded gold to the value of 6-25 million sterling. At other places

in New Zealand gold gravels occm", some of which are worked. As \^^ll be

found stated later,^ during the last decade the gold production of New
Zealand has risen.

Western Australia
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Western Australia forms approximately the western third of the

Australian continent. Its principal goldfields lie to the east and south-east

of the town of Kalgoorlie, near the eastern boundary.

According- to Woodward, the rocks of this country have been folded into

a number of north-south anticlines and synclines, and have been intruded

by numerous eruptive rocks. The ordinary section shows granite, gneiss,

and schist, which in their disposition form six zones or belts. Reckoning

from west to east, only the fourth belt in which the Southern Cross mine

occurs, and the sixth belt with the two principal districts of Kalgoorlie and

Coolgardie, are auriferous. In the immediate neighbourhood of the two

latter districts, Gibb Maitland and Campbell, beside such surface formations

as laterite, record the presence of slate, quartzite, quartzite-schist, felsite,

amphibolite, porphyrite, mica-schist— all of which probably represent

dynamically metamorphosed eruptive rocks—as well as peridotite and its

varieties.

The age of these rocks is not clear ; the tectonics likewise have been but

little investigated, the geological mapping of one section of an unexplored

whole being connected with almost insurmountable difficulty. At present,

only the disposition of the rocks is known ; it is realized that in the gold

district not only amphibolites occur, as was formerly supposed, but that

slates, etc., are also present. According to Krusch, the rock designated

amphibolite is in no sense a single rock but rather a number of different

rocks. Two groups of amphibolites may be distinguished, namely, the

schistose amphibolite described by Schmeisser and Vogelsang, on the one

hand, and the granular hornblende rocks which occur within this thinly

bedded variety and show no concern for its bedding, on the other. Gibb

Maitland and Campbell recognized this difference and, going farther, divided

the massive group into hornblende-, chlorite-, and actinolite-amphibolites.

According to Krusch the schistose group is likewise not simple. Concern-

ing the age of these metamorphosed eruptives, it is probable that not only

older rocks but younger also suffered deformation.

The gold lodes of Kalgoorlie are intimately associated with the amphi-

bolites. Although the age of these rocks at present cannot be definitely

settled, nevertheless, according to Krusch, from the occurrence of the

deposits and the nature of their filling, it may be fairly safely concluded

that the W^estern Australian gold lodes belong to the young gold-silver

group. Only exceptionally are they simple fissure-fillings : more usually

they are composite lodes, ^ that is, they are veined zones consisting of a large

number of small fissure-fillings of fairly parallel strike, from which an

intense impregnation and replacement of the country-rock proceeded.

Quartz and metalliferous minerals were thus introduced, often in such

^ Ante, p. 40.
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amount that the country-rock became entirely replaced. In this manner

compact bodies of quartz with disseminated mineral often arose such as

might at first sight give the impression of being simple lodes, while in reahty

they were formed chiefly by replacement. In such cases it could be seen

upon closer investigation, however, that there existed no sharp boundary

with the country-rock but that on either wall both silicification and

mineralization gradually diminished. Such lodes are illustrated in Figs.

53, 54, and 55. In width they sometimes attain several metres.

The lodes in general strike north-west, and in spite of repeated junctions

are broadly speaking parallel. According to Krusch, they may in the

central district be divided into three groups. Of these the first and western

group includes the lodes in the Ivanhoe, Golden Horseshoe, Great Boulder

Proprietary, Great Boulder Main Reef, Hannan's Star, and Great Boulder

South mines. The second group lies to the north-east and includes the

Great Boulder Perseverance, Lake View Consols, Golden Link Consolidated,

Central and West Boulder Associated, South Kalgurli, Hainault, North

Kalgurli, and the Kalgurli lodes. East of this again the lodes of the third

group extend through the Kalgoorlie Mint, Kalgoorlie Bank of England,

North Boulder, Hannan's Oroya, Associated Northern Blocks, Paringa

Consolidated, Brownhill Extended, and Hannan's Brownhill.

A certain discontinuity expressed by branching or by an apparent or

actual disappearance in depth, is characteristic of individual lodes. The

veined zones likewise split up arbitrarily, so that the number of veins in

a particular area may occasionally be doubled. Not infrequently on the

other hand such a composite lode pinches out completely.

The many lodes lie close together within an area some 3 sq. km.

in extent, the so-called ' Golden Mile.' In this small space over a hundred

mines work and the individual properties are consequently'small, relatively

few having attained any considerable production. The best known are

the Great Boulder Proprietary, Ivanhoe, Golden Horseshoe, Great Boulder

Perseverance, Lake View Consols, etc.

The lode material consists chiefly of quartz, carbonates being but

sparingly represented. The quartz contains auriferous pyrite with gold-

and other tellurides. These sulphides and tellurides are intergrown in

the most intimate manner, and though with the miner it is customary

to speak of the mass as sulphide ore, this intimate mixture is meant. In

the primary zone the tellurides are particularly characteristic, the light

conchoidal calaverite, the dark conchoidal petzite, and the quicksilver

telluride, coloradoite, being the most frequent, while the other tellurides,

krennerite, hessite, altaite, etc., are more uncommon.

Analyses of tellurides or telluride ores have shown that tellurium in

part may be replaced or represented by selenium, this latter element
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indeed being found in light telliiride ores to the extent of several per cent.

The intergrowth of telluride gold with free gold is particularly interesting

and often seen, such gold without doubt being primary in character.

Sulphides such as galena, sphalerite, enargite, etc., are less noticeable.

The last-named mineral has this claim to attention, that for some time it

was taken for gold telluride. These minerals are accompanied by tourma-

line, the presence of which was first remarked by Mariansky, the discoverer

of the hitherto unrecognized and consequently unappreciated tellurides.

The gold is not uniformly distributed along the strike but concentrated

in shoots which either descend fairly vertically into depth, as was the case

at the Ivanhoe, illustrated in Fig. 79, or pitch at an inclined angle, as at

the Associated Northern Blocks, illustrated in Fig. 80.

In the case of every goldfield the behaviour of the gold content in

relation to depth is most important. Western Australian mining tells the

story of decrease of value in depth, though such may be slow. AVhether

this decrease is due to the disappearance of gold telluride, or whether both

the telluride and the auriferous pyrite decrease, are questions which have

not been closely investigated. All the lodes near the surface are more or

less decomposed by the action of meteoric waters. . While those auriferous

deposits where the gold is chiefly or exclusively associated with sulphides

often show two very characteristic depth-zones—an oxidation zone with its

gold in greater part leached, and beneath this an abnormally rich cementa-

tion zone ^—the Western Australian telluride lodes display oxidation and

primary zones only, no cementation zone exists. As the oxidation zone

carries free gold exclusively, the recovery of the gold from the ore in that

zone is simple; the extraction of the gold from the telluride ore, on the other

hand, is more difficult. The boundary between these two zones is therefore

not only of interest in the study of ore-deposits, but also of importance to

the miner and metallurgist ; it is consequently most carefully entered upon

the mine plans, such an entry being illustrated in Fig. 82. Its course

generally proves to be very irregular ; while in one mine it may be found

but 20 m. below the surface, in the next it may be found at many times

that depth.

The free gold resulting from the decomposition of the primary tel-

lurides in the oxidation zone occurs in four forms so characteristic that

from hand specimens it may be said whether a particular piece of ore

showing visible gold came from the oxidation zone of a telluride deposit,

or not. These forms are as follows :

1. Fairly lustreless, mustard-coloured, earthy, loose cavity-fillings, in

the form of blotches and coatings, such gold being known as

' mustard ' gold ; illustrated in Fig. 88.

1 Ante, p. 215.
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2. Filmy coatings of very fine crystals in cracks and crevices, such

gold being known as ' flake ' gold.

3. Crystals in cavities, matted to larger aggregates, some of which

have weighed several kilogrammes. On account of its spongy

appearance such gold, which according to Simpson contains but

0-09 per cent of silver, is known as ' sponge ' gold.

4. Spots, stars, and small irregular splashes, occurring as thin coatings

in fissures or cracks ; illustrated in Fig. 89.

While with other gold deposits a cementation zone occurring directly

above the primary zone may be so rich as to necessitate the greatest care

in appraising such deposits, the oxidation zone which occurs immediately

above the primary zone of these auriferous telluride deposits proves to

be poorer than this latter. The following figures pertaining to one of the

principal mines afford a comparison between the ores of the two zones

in respect to their value. It is seen that the ore of the secondary or

oxidation zone is in this case but half as rich as that of the primary zone :

Average of the Entire Lode Mass

Oxide Ore.
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treatment and afterwards parted in the refineries, remains fairly constant.

The three most important mines, the Great Boulder Proprietary, the

Ivanhoe, and the Golden Horseshoe, produce gold from 79 to 87 per

cent fine. Weighting the fineness at each mine by the production, an

average of 83 per cent of gold and 17 per cent of silver is obtained, that is

to say, the bullion of the most important series of lodes in the Kalgoorlie

district consists as to five-sixths gold and as to one-sixth sUver.

Still more interesting are the figures when the recovery by

amalgamation in batteries and pans is kept separate from that by the

cyanide process. The battery gold is then seen to contain 91'l-94-3 per

cent of gold and 5-7-8-9 per cent of silver, and the cyanide gold 66-6-78-1

per cent of gold and 21 •9-33-3 per cent of silver. The battery gold,

which is chiefly free gold, is therefore poor in silver when compared

with the argentiferous gold obtained by cyanidation, which in greater

part is derived from auriferous pyrite and tellurides. The prifiiary

free gold of the Kalgoorlie district consists accordingly of twelve parts

of gold to one of silver, while the mineralized gold contains 3 parts of gold

to one of silver. The explanation of this striking difference must be sought

in the genesis of the deposit. In the endeavour to judge of the phenomena

which could so result the following possibilities deserve consideration :

1. A change in the composition of the solutions may have taken

place whereby the relation of gold to silver may have altered

during deposition.

2. The mineral solutions may have remained unaltered but different

precipitants may have become active, one after another.

3. The mineral solutions may have remained michanged but two

differing precipitants may have been operative at one and the

same time, both of which were effective for gold, and one, in

addition, strongly efiective for silver.

4. The mineral solutions may have remained in general unaltered, and

but one precipitant! may have been active, which however pos-

sessed the property of precipitating native gold comparatively

piue, and at the same time mineralized gold alloyed with silver.

The last case appears the most simple ; it explains quite well the

structure of the ore and the simultaneous formation of non-argentiferous

and argentiferous gold.

It is interesting to consider the limit of payability on this field, and its

fluctuations. In the year 1903 this was 15 grm., of gold per ton ; to-day the

reduction processes have so improved that in spite of extremely high wages

the cost is covered by 8-10 grm., any content above this figure being

profit. The richest mine of this goldfield, the Great Boulder Proprietary,
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in its yearly report for 1910 gave the following average figures of cost for

different years :

In 1907 24s. 9cl. equivalent to 9-1 grm. per ton.

„ 1908 25s. 8d. „ 9-5 „
„ 1909 26s. Od. „ 9-6 „
„ 1910 26s. 2d. „ 9-7 „

The figures in the second column obviously express the Umit of payability

of the ore in this mine as a whole. For comparison, the value of the ore-

reserves at dift'erent levels in the Main Shaft and on the Main Lode are

as follows :

Feet.

400-500
500-600
600-700
700-800
800-900
900-1000
1000-1100
1100-1200
1200-1300
1300-1400
1400-1500
1500-1600
1600-1750
1750-1900
1900-2050
2050-2200
2200-2350

Dwt. per Ton
30-06
8-60

18-51

28-52

3207
20-95
26-52
19-12
20-33

14-17 \

13-52

13-45

10-21

11-18
11-12

17-30

19-48 J

Average value

1- to 1300 ft. =
22-74 dwt.

Average value
^ 1300 to 2350 ft.

= 13-8 dwt.

These figures taken in their entirety indicate that in the case of the

richest mine at Kalgoorlie there is also a decrease in gold content in depth.

The Kalgoorlie goldfield was discovered in the beginning of the

'nineties. In 1896 the telluride ores were recognized. The economic

conditions under which these mines worked at the time of their discovery

were very unfavourable. The plateau on which they occur is without

water, for which, according jto Gmehling, twopence-halfpenny was paid

per gallon. To-day Kalgoorlie is connected with Perth by railway,

and the goldfield may now be reached from the coast after fifteen to

twenty hours in a comfortable express train. The water question has

also been solved in a generous manner by the government, which in 1903

laid a pipe-line capable of delivering 5 million gallons per day all the way
from Perth, a distance of 325 miles, selling the water at the rate of six

shillings per 1000 gallons, whereas previously the price for the same

quantity had been about forty-six shillings. As with the water, all fuel

and mine stores must be transported all the way from the coast.

The present importance of this field, compared with which the other

goldfields of Western Australia are of little accomit, may be gathered from

the followins statistics :
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Gold Peoductiok ix Oukces of Fine Gold

1 Year.
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may with some assm.'aEce be considered as Silurian. These sediments

alternate with sheets of prevailingly brick-red or speckled porphyry, diabase,

and schalstein, and are crossed by younger porphyry dykes radiating

from neighbouring porphyry peaks. In relation to the ore-deposits

two eruptive rocks having little observed extension underground, are of

especial iinportance. Of these the first has long been known as olivine-

kersantite,^ while the second, according to microscopic examination, may
be regarded as a propylite the parent rock of which has not yet been

determined. The olivine-kersantite maintains the closest connection with

the Bergmannstrost lode, in that it often occurs within the actual fissure

of that lode, thicknesses of it alternating with ore. From the exposures

underground this eruptive is undoubtedly older than the lode. Apparently

a re-opening of the fissure along the eruptive took place, and a veined

zone following the kersantite was formed, which subsequently became
filled by metalliferous material deposited from ascending solutions.

The lodes of Altenberg are simple lodes. That best known is the

above-mentioned Bergmannstrost lode w^hich has a characteristic filling

of arsenopyrite with galena, sphalerite, tetrahedrite, etc., together with

considerable silver. Further work prosecuted underground to prove the

many lines of ancient workings to the north, has revealed the presence

of eight other lodes. Most of these, like the Bergmannstrost, strike

a little south of east and north of west, though the Wandas-Hofinung
and the Hermanns-Gliick lodes extend in a north-east direction. Almost all,

including the Bergmannstrost, dip 60°-75° to the north ; occasionally they

are flatter or steeper, but seldom do they dip the other way. Along the

drives the change from one country-rock to another is abrupt. The ore in

the slates usually carries more precious metal than that in the porphyry.

The lode material has an irregular-coarse structure, the barren gangue
occurring in smaller quantity than the ore. The entire width sometimes
consists of solid chalcopyrite or arsenopyrite, these two minerals apparently

replacing and representing one another.

The character of the lode-filling in the northern lodes differs from
that of the Bergmannstrost in so far that with them copper plays an
essential part. In addition, the high gold content of the Maria-Forderung
and the Wandas-Hoffnung is particularly noteworthy.

Poorer and richer parts alternate in both strike and dip. Towards
the east the lodes appear to become impoverished ; the lode-fiUing then
consists chiefly of quartz and subordinately of siderite, with ore sparingly

distributed. Towards the west the lodes are affected by disturbances

which have locally robbed the lode of its ore.

Seeing that the district is not yet widely recognized as auriferous, some

^ After Krusch.
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Grammes



THE OLD GOLD LODES

While the young gold-silver lodes without exception maintain the closest

association with young Tertiary eruptives, the old lodes now to be described

exhibit in general no connection with such ore-bringing rocks, and in those

exceptional cases where such may be observed, the particular eruptives

are old. Apparently therefore the connection between these lodes and

eruptive magmas is not so close as is the case with the young gold-silver

lodes.

Concerning the form of the deposit a difference may likewise often be

remarked. While, for instance, in the case of the young gold-silver lodes

composite lodes, in addition to simple lodes, often play an important

part, those of the old group, so far as yet known, are exclusively simple

lodes, the filling being usually sharply separate from the comitry-rock.

Li addition, with the older lodes the length along the strike is more con-

siderable ; the one which has been followed for the greatest length is the

Mother Lode of California, this indeed being among the most important

fissure-fillings known. Naturally with such an extension as this lode has, it

is not a question of one and the same simple fissure throughout, but a series

of fissures so arranged that when one pinches out a new one sets in, a little

to the side, to maintain the continuity. In dip also these lodes often have

a considerable extension, some of the Californian mines, for instance, are at

present working at depths from 700 to 1000 metres. The width reaches some

few metres at the most, this being materially less than the maximum width

of the young gold-silver lodes. The nature of the separation of the lode

from the country-rock is always an important factor, and in this connection

also there is a difierence ; with the young gold-silver lodes an impregnation

of the country-rock often plays an essential part, w^hile with the old gold

lodes this is seldom the case ; the occurrence at Roudny in Bohemia is

however an exception.

The filling of the old gold lodes is simple. Usually quartz is by
far the most abundant gangue-mineral present, so that the lodes strictly

speaking may be regarded as a special form of quartz lode. The most

601
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frequent ore is auriferous pyrite, in whicli, when in the primary zone, the

gold content is not usually to be seen, free gold being present only to a

subordinate extent. It is consequently advisable to assay for gold all

quartz lodes which carry pyrite. Only in exceptional cases does the

amount of pyrite so increase that the lodes become pyrite lodes, with

quartz subordinate. The other sulphides, such as galena, sphalerite,

chalcopyrite, and the sulpho-compomids, play usually no important part.

To the same extent that the gold content is difficult to recognize

in the primary zone, so does it become prominent as the lode decomposes

under the action of meteoric waters. It was indeed from experience

with these lodes that the importance of the migration of the gold con-

tent as a factor in reckoning possible ore-reserves was first appreciated.

As previously stated, in the decomposition of pyrite by meteoric waters,

ferric sulphate is formed which dissolves gold ; in the presence of

pyrite therefore gold continues to be dissolved so long as oxygen

is present. After the consumption of the oxygen the undecomposed

sulphides of greater depth act reducingly upon the descending solution,

precipitating the gold as free gold, the affinity of this for oxygen

being very small. The gold of the cementation zone may always be

recognized by the fact that it either coats primary sulphides or fills

cracks within them, or, as is more frequently the case, it occupies fissures

and cavities within the quartz, such quartz being generally light brown

in colour. Wetting the quartz is of assistance in discerning such gold.

In the oxidation zone the precious metal occurs very sparingly, and when

occurring is generally found in close association with a gelatinous limonite

resulting from pyrite.

The recognition and determination of the secondary and primary

zones ^ of these lodes is of the greatest importance to all concerned,

to the economic geologist as well as to the miner, on account of the large

differences in the metal content of the different zones.

Since the old gold lodes consist chiefly of quartz, by weathering

they often become freed from the less resistant country-rock upon their

flanks, when they protrude at the surface as walls, ledges, or reefs ; such

an outcrop is illustrated in Fig. 312. In this they further dift'er from

most of the yomig gold-silver lodes. As a rule the greater portion of the

oxidation zone has long surrendered to erosion, and the enriched cementa-

tion zone often appears at the surface. The relative ease with which

such lodes are discovered, free gold being readily detected by simple

crushing and washing, has often given untrained prospectors a reputation

for a knowledge of ore-deposits which they were far from deserving.

Chemically, the gold of these lodes is usually substantially purer

1 A7ite, pp. 211, 212.
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than that of the young gold-silver lodes. As previously stated, these latter

carry gold and silver in variable proportion so that all gradations exist

between gold lodes with little silver and silver lodes with little gold. In

the case of the group now being described however, the lodes are gold

lodes pure and simple. The consequence is that the bullion recovered

from the young gold-silver lodes usually has a different composition

from that of the old lodes ; while with the former there may be 60 per

cent of gold and 40 per cent of silver, with the latter there is at least 90

per cent of gold and at most 10 per cent silver.

Concerning primary depth-zones, experience with the old gold lodes

appears to have been more favourable than with those of the young

gold-silver group. Mining operations have nevertheless shown that a

Fig. 312. -Outcrop of a gold lode witli granite blocks in tlie Lackgruiind, haiuba plateau,

German East Africa. Sclieffler.

large percentage of the old lodes also have only proved profitable in the

cementation zone, the primary ore having been unpayable. Where

however the primary ore is rich enough to work, the gold content may
continue to depths of 1000 m. or more. With these lodes therefore

the ore is more persistent in depth than is the case with the young

gold-silver lodes.

Finally, mineralogically it is interesting to note that tourmaline is

more often found with the old lodes than with the young, while gold

telluride, w^hich occurs plentifully in some young gold-silver districts, is a

rare occurrence in the old lodes. As already mentioned, auriferous pyrite

is the most common ore-mineral of these lodes, the other sulphides occur-

ring subordinately. There are however gold lodes in which the gold

is accompanied particularly by arsenopyrite, stibnite, and sometimes

also by bismuthinite. Mineralogically therefore several classes may be



604 OEE-DEPOSITS

differentiated ; of these however, the first-named, that associated \Yith

pyrite, is by far the most important.

The gokl-quartz lodes with their rich cementation zone naturally

tend to the formation of auriferous gravels. It has therefore almost in-

variably been the case that before the lodes were more closely investigated

attention was first devoted to such gravels. Since also such gravel-mining

was very cheap and the yield often very considerable, lode-mining was

only undertaken when the decline in the productiveness of the gravels

compelled such new endeavour. Consequently in new districts of this

character, production generally rises very rapidly at first and large profits

are returned ; and then, with the approaching exhaustion of the gravels a

decline gradually becomes established which as a rule it is not possible to

stay, even though with all energy it is sought to make good the deficit

from the gravels by development upon the lodes.

The Gold Deposits of California

LITERATURE

J. D. Whitney. Geol. Survey of California, I., 1865.—v. Richthofen. ' Reisebericht

aus Californien,' Zeit. d. d. geol. Ges., 1864, XVI., p. 831.—E. Reyer. ' tjber die Gold-

gewinnung in Californien,' Zeit. f. Berg- Hiitten- u. Salinemvesen, 1886, XXXIV.—H. W.
Fairbanks. ' Geology of the Mother Lode Region,' 10th Ann. Rep. State Mineralogist of

California.—H. W. Turner. ' Notes on the Gold Ores of California,' Amer. Jour. Sc. LVIL,
1894, p. 467 ; reviewed Zeit. f. prakt. Geol., 1896, p. 275.—W. Lindgren. 'The Gold-

Silver Veins of Ophir, California,' 14th Ann. Rep. L^.S. Geol. Survey, 1894, p. 249 ;
' Char-

acteristic Features of California Gold-Quartz Veins,' Bull. Geol. See. Amer., 1895, Vol. VI.

p. 221 ; reviewed Zeit. f. prakt. Geol., 1895, p. 423 ;
" The Gold-Quartz Veins of Nevada City

and Grass Vallej', California,' 17th Ann. Rep. U.S. Geol. Survey, Pt. II., 1896 ;
' The Geo-

logical Features of the Gold Production of North America,' Trans. Am. Inst. Min. Eng.,

1903, XXXIII. p. 790 ;
' Ore Deposition and Deep Mining,' Econ. Geol., 1905, Vol. I. No. 1,

—B. Knochenhauer. ' Der Goldbergbau Kaliforniens und sein Ertrag in Vergangenheit,

Gegenwart, und Zukunft,' Berg- u. H.-Ztg. LVL, 1897, California-Paris Exposition Com-
mission, 1900.

—

Prichard. ' Observations on Mother Lode Gold Deposits,' Trans. Amer.
Inst. Min. Eng. XXXIV., 1904, p. 454.—Lists of literature in Kemp's Ore-Deposits of the

U.S. ; by H. Ries in Econ. Geol. ; and by Lindgren.

The following exposition is based chiefly upon the above-cited excellent

work by Lindgren, the greatest authority upon the Californian gold deposits,

and especially upon the resume beginning on page 49 of that w^ork. Three

groups of deposits occur : firstly, those on the Mother Lode between Mount

Ophir and Placerville ; secondly, those to the north near Grass Valley and

around Nevada City ; and thirdly, those to the south-east of Placerville near

Grizzly Flat. The relation of these places to one another is seen from Fig. 313.

Historical.—Gold was first found in the Sierra Nevada in January

1848 at Coloma, Eldorado Co.; in 1850 several thousand men were working

in the Nevada district ; and in 1856 Nevada City was already a town of
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close upon a thousand houses. In 1880 the number of inhabitants of that

city was 21,000, a number which afterwards diminished when, in conse-

quence of the introduction of hydrauHc methods, less hand labour was

required. An equally rapid development followed in the other districts

of this gold belt. At first, production increased by bounds, only how ever

to decrease as therlgravels became exhausted and the miner was forced

to work the primary deposits. In this regard Californian experience may
be taken to represent the normal sequence of events which may be expected

to develop in every newly discovered gold-quartz field.

Geological Circumstance.—^According to Lindgren, the Sierra Nevada
consists in greater part of members of the Calaveras formation, this forma-

tion embracing the Palaeozoic beds of this mountain chain. Of these

beds those of Carboniferous age predominate, though the right of such to

be considered Carboniferous can be verified in but few places. Concerning

the disturbances to which this region was subjected, the first plication took

place at the end of the Palaeozoic or at the beginning of the Mesozoic period;

this was accompanied by eruptive outbreaks which began in part during

the Carboniferous. In Jurassic-Triassic time the greater portion of the

Sierra Nevada was dry land ; in such relatively small areas as were

occupied by lakes, the Mariposa beds consisting of dark carbonaceous

slates and of volcanic tuffs, were laid down. Then follow^ed another period

of intense orogenies, to which enormous masses of eruptive material of

varying character and structure owe their existence. During this period

both the recent and the older rocks were intensely plicated, while diabase

and porphyrite with their tuffs appeared as flows and dykes. Finally,

as the mightiest phase of the volcanicity, came the eruption of the

grano-diorite magma. Under such intense tectonic conditions numerous
fissures became formed which in part were filled with gold ore. The
formation of the gold lodes in the Sierra Nevada may therefore to a

certain extent be regarded as the last phase of the Mesozoic crustal

revolution in that region. Since that time these momitains have been

dry land. In the latter portion of the Neogene or latest Tertiary

period, volcanic eruption and plication began anew, rhyolite and andesite

being extruded to form those gigantic lava masses which give to the Sierra

Nevada their present configuration.

Since according to Lindgren the gold lodes are of Cretaceous or in

part of pre-Cretaceous age, the relation they maintain to the older north-

north-west mountain folds is striking. These lodes form many systems,

and often appear on the surface in long lines of quartz outcrops.

Previous to the exhaustive investigation of Lindgren in 1895, the

numerous works upon Californian lodes and mining districts had not led

to any general conclusions, as the individual authors had only investigated
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separate districts and

a general review had

not fallen to the lot

of any single author-

ity. The dependence

of the lodes upon the

belt of metamorphic

slates was already re-

cognized by Whitney.

While in the granite

areas of southern

California but few

lodes occur— and
these only close to

the slate boundary

—

in the slate region of

middle and northern

California many are

found, all the differ-

ent rocks within the

metamorphic belt

participating fairly

equally, ore -deposits

being found in gran-

ite, diorite, gabbro,

serpentine, quartz-

porphyrite, augite-

porphyrite, horn-

blende-porphyrite,

diabase, amphibolite,

as well as in more or

less altered clay-slate,

sandstone, and lime-

stone.

Since gold - quartz

conglomerates are

fomid in the foot-wall

of the metamorphic

series, some of the

lodes most certainly

were of very great

age ; as pointed out

Fig. 313.—The Californiau gold belt.
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by Whitney, and von Richthofen however, the majority and the richest

are late Jurassic or early Cretaceous, and to be regarded as the thermal

after-effects of the eruptive phenomena of that time.

In detail, both the strike and dip of the lodes are very variable,

owing to numerous more recent mountain movements, and to the fact

that the rocks in which the fissures were originally formed offered varying

degrees of resistance to fracture. In the massive rocks, for instance,

the fissures are more or less sharply defined and in good line ; in the

slate they have followed different planes and become indefinite ; while

in rocks of medium solidity they are developed as networks of fissures.

The dip varies between 20° and 70°. The width is extremely variable,

reaching in isolated cases 5 m. though generally much less. The length is

also very variable, though in most cases it is short ; seldom may a lode

be followed for more than one or two kilometres, the gigantic Mother

Lode being however a miique exception.

The lode -filling consists chiefly of milk-white quartz of irregular

structure generally and but seldom crusted. Other gangue - minerals

occur locally and only in relatively small amount ; thus calcite and dolomite,

chiefly on the walls ; some whitish and greenish micas, albite, titanite,

ilmenite, and anatase. The gold likewise is irregularly distributed in the

mass and is usually of microscopic fineness ; occasionally it is visible as

flakes, threads, or small irregular blotches ; more rarely it forms larger

masses, some having been found up to 25 kg. in weight. Generally it con-

tains but little silver, this metal only very exceptionally reaching 30 per

cent. The precious metal is accompanied by auriferous pyrite, pyrrhotite,

chalcopyrite, sphalerite, and galena ; less frequently by arsenides, especially

arsenopyrite ; more seldom still by antimonides or tellurides ; while

marcasite is hardly ever present.

The lodes in grano-diorite are almost invariably richer in sulphides

than those in other rocks
;
pyrrhotite for instance appears to be limited to

lodes in grano-diorite. In dark clay-slate the sulphides are represented

almost entirely by pyrite with occasionally some arsenopyrite. Lodes in

gabbro often contain copper. Exceptions to these generalizations are

however so numerous that the influence of the country-rock upon the ore

present, cannot be regarded as well defined.

With the larger lodes the precious metal is more often found concen-

trated on the walls, while the middle part of the lode is unpayable ; the

gold content may however be uniformly distributed throughout the whole

section of the lode. Often irregular bodies of payable ore occur within

extensive unpayable areas. Sometimes elongated lenticular ore-shoots

exist the pitch of which, independent of the dip of the lode, is generally

steep and seldom below 45°. The width of such shoots varies between
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1 and 100 m., while the length may be 600 m. or more. If in depth a

shoot gives out, another is often found at greater depth along the same

line. Many of the lodes contain the gold in small nests or bunches. With

an increase in the gold content an increase in the quantity of sulphides

present is always observed.

The alteration of the comitry-rock along the lodes is particularly

characteristic. In intensity this generally varies with the width of the lode

;

when the ^\idth is great the alteration may extend as much as 10 metres.

Only very acid massive rocks and certain carbonaceous slates appear

to have been but little afiected. Serpentine appears to have suffered most,

with increase of lime and decrease of magnesia. In the immediate neigh-

bourhood of the lodes the country-rock not infrequently exhibits parallel

jointing, pressure schistosity, or brecciated structure.

Individual Occurrences.—(1) At Nevada City and Grass Valley are

found a large number of lodes situated roughly 20 miles north of the last

outlying representatives of the Mother Lode, from which lode they also

differ in their general character. Their width is small but the gold content

is comparatively high. Free gold occurs both near the surface and in

depth, while in addition there is a variable gold-silver content in the

sulphides present. The strike is extremely variable, though speaking

generally it may be said that the lodes are arranged in two main systems,

a north-south and an east-west. The dip is low and irregular, nor can

any general rule concerning it be formulated. In relation to production

the Grass Valley district comes first, then follows that of Nevada City,

while the Banner Hill district ranks third. A considerable portion

of the output conies from the Eureka, Idaho, Rocky Bar, North Star,

Empire, and Providence mines.

From the ordinary type of gold-quartz lode some lodes of less

importance in Grass Valley deviate, in that chalcopyrite and bornite

are the valuable minerals, and calcite, quartz, and felspar, the principal

gangue-minerals.

(2) The Mother Lode of California, forming as it does with its 150 km.

of length the most important payable lode in the world, is widely known.

It consists of a large number of linked fissures which together form a

gigantic veined zone at the foot of the Sierra Nevada, this position being

indicated in Fig. 313. This zone generally dips 50°-70° to the east, as do

the slates in which it occurs. The width of the separate lodes may reach

as much as 10 m., but usually it is less than 1 m. The frequent connection

of the fissures with eruptive rocks is remarkable. The quartz, which is

usually milk-white, tends to break into parallel flakes, such quartz being

known as ribbed quartz. The gold is either free and finely distributed,

or associated with pyrite. As with all the gold lodes in California, the
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concentration of the precious metal in ore-shoots is characteristic. To

the north and south, at both ends, the Mother Lode splits up.

(3) The deposits at Grizzly Flat to the south-east of Placerville are

less important. They occur at the contact of the Calaveras slates with

granite, and likewise carry gold in a quartz matrix.

With all the Californian gold lodes the relation of the gold content to

depth is interesting. Lindgren in his work. Ore Dejjosition and Deep

Mining, reports the experiences of some of the mines working on the

Mother Lode at depths which in 1905 varied between 1766 and 2863 feet.

The Kennedy at 2700 feet. Central Eureka at 1900-2200 feet, Oneida at

1900 feet, and Gwin at 2000 feet, all worked at a profit the ore at these

respective depths, this ore containing free gold and being of similar character

to that near the surface. A difference was only in so far observed that

pocket-like enrichments were less frequent in the deep workings than they

had been above. According to Lindgren, in California the hope to find

payable ore in still greater depths is justified, though he was of opinion

that in any case at a depth of 5000 feet temperature would put a stop

to mining. Assuming that a thickness of 3000 feet had been removed by

erosion, he came to the conclusion that in California free gold was

originally deposited down to a depth of 6000 feet below the then surface.

In 1909 some mines in Amador Co. were working upon the Mother Lode at

a depth of 3400 feet, at which depth the character of the ore showed no

alteration.

Knochenhauer gives 15 to 20 grm. per ton as the average content of

the payable ore of California, though the content of the cementation ore

has not infrequently reached 160 grammes.

Concerning jgenesis, Lindgren concluded that the aqueous solutions

from which the gold- quartz lodes were formed, in addition to silica

contained large amounts of carbonic acid, calcium carbonate, and

sulphur, the last as sulphuretted hydrogen or sulpho-salts. Such waters

however are in nature only found ascending, and generally they are hot

springs. The ultimate source of the gold must therefore be sought

deeper, and perhaps in granitic rocks or magmas.

The earlier gold production of Cahfornia may be gathered from

the table on p. 554, in considering which it must be remembered

that at the beginning gravel -mining played the greater part. The

present annual production is 18-21 million dollars, that of the United

States as a whole being about 100 millions. In the year 1908 gold to the

value of 19,329,700 dollars was won, in addition to not quite 2,000,000

dollars of silver. In 1909 the gold production was estimated at 21 million

dollars, with practically the same silver production as before. In the gold

production the proceeds from both primary and gravel - deposits are
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included. Of the gold produced from quartz lodes the Grass Valley district

in Nevada Co. yields the largest quantity, its output exceeding by far that

of individual counties upon the Mother Lode. All the gold-quartz mines

together produce yearly about two and a half million tons of ore, of which

two millions are milling ore -^ith a gold content of 5-5-75 dwt. per ton,

vfhile the remainder is copper ore containing gold and silver. The quartz

mines produce annually some million more dollars than the gravel-deposits.

Those of the Mother Lode in the Amador, Calaveras, El Dorado, Mariposa,

and Tuolumne counties, yield three-quarters of the total milling ore, the

content of which at 4 dwt. per ton is nevertheless less than that of the

remaining counties, where the lodes though smaller are richer.

The Treadwell Deposit, Alaska

LITERATURE

G. F. Becker. ' Reconnaissance of the Gold Fields of Southern Alaska,' 18th Ann. Rep.
U.S. Geol. Survey, 1898.—A. C. Spencer. ' The Geology of the Treadwell Ore-Deposit,'

Trans. Amer. Inst. Min. Eng., Oct. 1904 ;
' The Juneau Gold Belt, Alaska,' U.S. Geol.

Survey, Bull. 225, 1903, p. 28.

This deposit, occurring on Douglas Island opposite Juneau City,

Alaska, is remarkable in that primary gold ore of a remarkably low

content is worked at a profit. An albite-hornblende rock, sometimes

described as a soda-syenite and sometimes as albite-diorite, is traversed

by a number of quartz stringers carrying both free and mineralized gold.

From these the country-rock involved is more or less impregnated. In

addition to pyrite ; chalcopyrite, arsenopyrite, pyrrhotite, sphalerite, and

galena also occur. Quartz is uncommon. Since the main ore-body is an

intrusive zone up to 150 m. in width, vast quantities may be mined at an

extremely low cost, and although the average content of the ore varies in

general between 3 and 5 grm. per ton, a net profit is obtained. It

must be expressly understood however, that such a low content does

not in general suffice for profitable mining, and accordingly the abnor-

mally low costs obtaining in the Treadwell mines must not be taken as

being applicable elsewhere.

The Gold-Quartz Lodes of Australasia

LITERATURE

E. LiDGEY. ' Report on the Ballarat East Goldfiek],' Spec. Rep. Dep. of Mines,

Victoria, 1864.—W. B. Withers. History of Ballarat, 1870.

—

Murray. Report on the

Geology and Mineral Resources of Ballarat, 1874.

—

Wolff. ' Das australische Gold, seine

Lagerstatten und seine Associationen,' Zeit. d. d. geol. Ges., 1877, XXIX.—-R. L. Jack.
Report on the Geology and Mineral Resources of the District between Charters Towers
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Goldfields and the Coast, 1879.—T. A. Rickard. ' The Bendigo Goldfield,' I. -III., Trans.
Amer. Inst. Min. Eng., Oct. 1891, Oct. 1892, Aug. 1893.—E. F. Pittmann. ' On the Geo-
logical Structure of the Wyalong Goldfields,' Record. Geol. Survey. N.S.W., 1894.—E. J.

Dunn. ' Report on the Bendigo Goldfields,' Dep. of Mines. Melbourne, 1893.

—

Babu.
' Les Mines d'or de I'Australie,' Ann. d. Mines, 1896, IX. 315-395.—R. Allen. ' Report
in Connection with the Underground Plans of the Ballarat West Mine,' Dep. of Mines,
Vict., 1897.—ScHMEissER and Vogelsang. Die Goldfelder Australasiens. Berlin, 1897.

—

W. LiNDGREN. ' Occurrence of Albite in the Bendigo Veins,' Econ. Geol. Vol. I., No. 2,

1905.—H. P Woodward. ' The Auriferous Deposits and Mines of Menzies, North C^al-

goorlie Goldfield,' Geol. Survey, Bull. 22, Perth, 1906.—J. W. Gregory. ' The Indicators
of Ballarat,' The Mining Journal, Jan. 20, 1906 ;

' The Ballarat East Goldfield,' Mem. Geo!.

Survey, Victoria, No. 4, 1907.

In addition to the telluride gold deposits of Western Australia and the

Tertiary goldfields of New Zealand there are in Australasia many import-

ant gold-quartz districts of greater geological age. In Western Australia,

as a matter of fact, mining did not begin upon the telluride lodes but

upon quartz lodes, though these were not of any great importance. Of

greater significance are the occurrences in Victoria, Queensland, and New
South Wales, the positions of which, under the names of the different

goldfields, are indicated in Fig. 314. These have been studied more
particularly by Woodward, Rickard, Dunn, Gregory, Schmeisser, and
Lindgren.

In Victoria, the goldfields of Bendigo and Ballarat, Ararat, Maryborough,

and Castlemaine, to the west, are particularly noteworthy, as are those of

Beechworth and Gippsland, to the east. Among these the Bendigo district

takes first place. The lodes there occur in a highly plicated Ordovician

series of dark slates alternating with fine-grained sandstones, which series

somewhat south of Bendigo is intruded by granite or quartz-monzonite.

The deposits have the peculiar form of ' saddle reefs,' illustrated in Figs.

315 and 316. These are the fillings of bedded cavities which, as the strata

became folded, were formed at the crests of the anticlines and to a less

extent in the troughs of the synclines. They extend unbroken for many
Idlometres along the anticlinal axes, generally agreeing in strike and dip

with the country-rock, and forming lode-like ore-bodies extending down
the anticlinal limbs, such bodies being known as the saddle ' legs.' Ten
and more of such saddle lodes have been found in one vertical plane.

In the Bendigo district within a strip about 1400 m. wide three main
series of such lodes are found running parallel and striking north. These,

as indicated in Fig. 316, are known respectively as the New Chum, Garden
Gully, and Hustler series. Besides these saddle lodes the slates contain

leaders and more or less irregular ore-bodies which in part are of con-

siderable dimension and more or less directly connected with the main
lodes

; these are locally termed ' spurs ' and ' makes '
; in the north of

the district particularly they are very rich.

The auriferous quartz of the Bendigo district separates cleanly from

VOL. II H
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the black slate of the country-rock which, practically speaking,

it does not replace. In appearance it is milk-white and almost

glassy, and shows but little sign of pressure. Quartz masses

with intercalated lamellae of slate are not infrequent, a fact

which moved Dunn to put forward the theory,

which we cannot endorse, that the force of

crystalhzation had contributed to the enlargement

of the cavities in which the ore is now fomid, that

is to say, he conceived these lodes to have been

formed in a manner similar to that suggested by

Bernhardt for the siderite lodes of Siegerland. If

however the force of crystallization, which doubt-

less exists, were powerful enough

to produce such effects, the con-

sequences of such colossal pressure

as must be postulated, would have

been e^'ident first of all upon the

country-rock directly in touch with

the quartz.

Carbonates of lime, mag-

nesia, and iron are some-

times mixed with the quartz,

being often found along the

walls. Chlorite in small bent,

though definite crystals can

also at times be observed.

The sulphides are limited

almost exclusively to pyrite

arsenopyrite with a small

amount of galena, these minerals

occurring particularly in the slate

directly adjacent to the quartz
;

crystals of pyrite indeed are not

infrequently found embedded one-

half in quartz and the other half

in black slate. Lindgren, whose description

is here chiefly followed, found albite in the

auriferous quartz of the SouthNew Moon, one
of the most productive mines around Eagle

Hawk. In that mine the ore does not occur

in a saddle lode but in the form of a spur

or irregular quartz mass in the black slate.

314.—Map showing the goldfields of Victoria.

New South W^ales, and Queensland.

and
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The gold in general is coarse-grained, and in massive, white, almost

glassy quartz, may often be observed in large pieces.

With regard to the maintenance of gold content in depth, many of the

mines are already more than 1000 m. deep ; indeed the New Chum Rail-

way mine in the year 1906 cut an apparently still payable saddle lode at

a depth of almost 1400 metres. The limit of payability is put at 7 dwt., or

about 10 grm. of gold per ton. Generally speaking, experience has shown

that the ore above 2500

feet was considerably richer '/^--yyi^^-,-'-^^^-
'/^ ' V ^"'\' \\\.'

than that obtained below /0:&--'^'^-:./%^^^<^

that depth. ^^M'-^^'f^
• -«

•

Up to 1906 the district
-"^^^

had altogether produced

approximately 20-5 million

oz. of gold, of which 6

millions were derived ex-

clusively from primary ore,

while the remaining 14-5

millions came partly from

primary ore and partly from

gravels. In the year 1904

the production amounted

to 206,000 oz., and the

average value of the ore

was 10 dwt. or 15-5 grm.

per ton. -^^
'

'"" "•
' '

"•••' '^'

IntheBallaratgoldfield
pj^, 3i5._Section of an anticlinal lode or saddle reef in

lyino" to the south of Ben- the New Chum Cons. mine. Sclimeisser, Zeit. f. prakt.

T ., , 1
GcoL, 1898, p. 100.

digo, the country-rock con-

sists of alternating layers, ^' '^^"''•^^^"^
=
^' ''''T^^Z

"'"' ''"""'" ''"°''" ''

from 2 inches to 1 foot in

thickness, of slate and sandstone, the latter being in part quartzitic. All

are fine-grained and free from conglomerate, ripple marks indicating that

they are of shallow-water formation.

Lindgren called attention to the fact that in spite of their small thick-

ness some of these layers could be followed for great distances, though

in general, according to Gregory, petrographical change may be sudden.

No fossils have yet been found. The beds were formerly described as

Lower Silurian. According to Gregory however, in the eastern portion of

the Ballarat plateau they are Lower Ordovician, while at Ballarat they

must even be regarded as pre-Ordovician. They strike north-north-west

and dip generally to the west, though as the result of comparatively

%/8J0'leyel
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recent movement they now occur in steep anticlines and synclines. East

of Ballarat granitic rocks appear, which have effected contact-meta-

morphism of the slates. Finally, the Carboniferous glacial deposits in the

east of the plateau are noteworthy.

The gold -quartz lodes of the district may be divided into three

groups, those respectively of Little Bendigo, Ballarat East, and Ballarat

West, the general trend of these districts being approximately parallel,

and north-south.

Little Bendigo, the most north-easterly district, embraces, over a

length of two miles, several parallel lode-series, the more important of which

are known as Monte Christo, Band of Hope, and Black Hill. At the last-

Garden Cully Series '^ Hustlers Series

Fig. 316.—Diagrammatic section through the Bendigo gohlfield. Rickard.

named locality the Ballarat East series begins, this extending some seven

or eight miles southwards from Black Hill. About one mile to the west,

the Ballarat West series extends over a length of three miles so disposed

that the most northerly mines lie opposite the more important of the

most southerly mines of the Ballarat East series.

The occurrences at Little Bendigo are cut off to the north by a large

fault. The most important of these is the Monte Christo series, this

series, as illustrated in Fig. 317, being confined between two parallel

faults some 80 feet apart. The slate and sandstone layers within tliis

space are traversed by a large number of flat quartz veins. Near the

surface, where the gold was concentrated in well-defined shoots, these

veins were rich ; below 300 feet however they have often proved to

be unpayable.

'if
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An important feature of the Ballarat district are the so-called ' in-

dicators ' which are definite slate layers capable of being followed for

great distances. With the Monte Christo series for instance, in the

Metropolitan mine, as illustrated in Fig. 317, a slate band known as the

Jarvis indicator occurs in the middle of the so-called lode.

The Ballarat West goldfield is the most south-westerly of the district,

where, the surface being covered by a basalt flow, the lodes do not outcrop.

The auriferous quartz occurs in large

irregular masses roughly lenticular in

form, from both sides of which and

from below, a large number of quartz

leaders shoot out. The lodes of this

district are arranged in two series

known respectively as the Consols Lode

and the Star Lode.

The Ballarat East goldfield is the

most important of the district. Li it

those large nuggets were found which,

reaching up to 90 kg. in weight, made
this goldfield famous. The district con-

tains in addition a large number of

well-defined lodes or lenticular quartz

masses, which in many of their features

recall the celebrated quartz lodes of

California. Here however the distribu-

tion of the gold is not so simple ; instead

of well-defined vertical lodes there are

many narrow layers running approxi-

mately horizontally, and since much
of the quartz is barren the work of

• T^j ,. mi T . -1 J.- £ Fig. 317.—Section of the Metropolitan
mining is difficult.

^
The distribution of

j^^^^ ^^^^^^^ Christo series, showing the

the gold however is in some respects Jarvis indicator. Gregory.

regular. Although the greater portion

of the quartz is barren it is traversed by richer bands and patches

which always occur where the flat quartz layers or veins cross narrow

vertical beds of a dark slate. Such slate beds are the indicators.

The quartz veins where they cross such an indicator may be extremely

rich, though eighteen inches away they may, practically speaking, con-

tain no gold. The miners therefore follow these indicators, whereby they

arrive more easily at the richer patches and save themselves much useless

development work. It is interesting to observe that north of this district

and of Black Hill many other quartz lodes occur, but wthout gold.
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Among the mines of this goldJ&eld deserving of mention are the Black

^

Fautt Mg^MMMiik

drecc/a
/noficator

Fig. 318.—Course of the Britannia United Indicator on the 987-foot level of the

Victoria United mine. Gregory.

Hill, the oldest gold-quartz mine in Victoria ; the

Victoria United ; and the East Change. The gold

won in the Ballarat East district is very pure, being

about 995-5 fine.

The ' ladder lodes ' of Waverley, Victoria,

illustrated in Fig. 319, are of similar character to

the deposits at Beresowsk, With them the quartz

occurs in an almost vertical, partly decomposed

greenstone dyke, which can be followed with almost

parallel walls for roughly two and a half miles in the

same direction as the slates in which it is found.

This decomposed eruptive rock is traversed by

horizontal leaders, the thickness of which varies

from one inch to two feet. According to Louis

some of these leaders yielded ore of exceptional

richness, while the average content was always

high. These dykes, which are known as ' mul-

locky reefs,' pass, at a depth of 70-200 feet,

into undecomposed crystalline rocks where their

exploitation is considerably more difficult. It is

stated that the decomposed greenstone itself

possesses a low gold content. The metal won from

Fia. 319.—Section across

a ladder lode at Waverley,

Victoria. Phillips and Lonis.

these lodes is remarkable for its great purity,
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The Gold Deposits of Brazil
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—
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—
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O. A. Derby. ' Notes on Brazilian Gold-Ores,' Eng. Min. Jour. LXXIV., 1902, p. 142.

The auriferous belt of Brazil lies in greater part along the range of

hills, 1000-1713 ni. in height, known as the Serra de Espinhaco, which

traverses the central portion of Minas Geraes and forms the watershed

between the rivers Doce and Sao Francisco. The boundaries of this

goldfield may be taken to pass through the towns of Santa Lucia to the

north, Brumado to the south, Ponte Nova to the east, and Paraopeba to

the west.

The geological age of the rocks composing this district has not yet

been determined. According to Derby they are Cambrian and Lower
Silurian, the sequence in the Ouro Preto district from top to bottom

being : upper mica-schist ; limestone ; itabirite with jacutinga, a sandy

micaceous iron ore ; clay-slate ; schistose quartzite ; mica- and talc-

schists ; and finally, gneiss and granite. As elsewhere, mining here first

commenced upon the gravel-deposits. According to whether they are

at the present river-level or upon higher terraces, the Brazilian miner

divides these deposits into veias, taboleiros, and grupiaras. The lodes

may be divided into : (o) bedded lodes, which here are wrongly termed

contact lodes
;

(b) lodes in slate and quartzite ; and (c) the so-called

jacutinga lines in itabirite.

The bedded lodes, almost coinciding in strike and dip with the bedding,

extend along the Ouro Preto range in a strip beginning roughly 2 km.
west of the town of that name and reaching to a point about 4 km. north-

east of Marianna. In part they are probably of eruptive origin. The
principal mines exploiting such lodes are the Passagem and the Morro

Santa Anna, which work lenticular quartz bodies 1-15 m. in width, 10-100 m.

in length, and generally of greater extent in depth. The occurrence at

Passagem near Ouro Preto, which may be regarded as typical of this

class of deposit, is described later in greater detail.

The so-called cross lodes in slate are much more numerous. These

consist of lenticular quartz bodies with dimensions subject to great
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variation ; upon one of the largest the celebrated Morro Velho mine is

working ; other occurrences are limited to narrow leaders of auriferous

MS

<^>

-=K

quartz. These lodes likewise follow the bedding. The quartz is often

accompanied by arsenopyrite, pyrrhotite, and limonite, and more seldom,

as for instance at Morro Velho, by carbonates. Occasionally, large amounts

of metallic gold are fomid in small veins, though such rich zones are

I
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generally of little extent. As far as present experience goes the gold

content remains fairly constant in depth. ^

The lodes in quartzite are not important nor are any at present being

worked. The last mine of this class which continued to work, Catta

Branco by name, shut down more than fifty years ago.

The so-called jacutinga lines in itabirite are usually not more than

one centimetre in thickness. In these the gold is coarse-grained. In

the Gongo-Socco mine, once famous, and in others of less importance,

.1 i | II

[.Gneiss or Granite.

Mica- and Talc-schists.

Schistose Quartzite.

Clay-slate.

Itabirite.

Auriferous Jacutinga in Itabirite.

Limestone.

Canga or Feiruginoiis Conglomerate.

Fig. 321.—Section through the Goiiffo Socco mountains.

masses of gold mixed with jacutinga have been found weighing several

kilogrammes. Numerous traces of previous mining operations upon

auriferous jacutinga in itabirite are encountered between Ouro Preto and

Marianna.

The Passagem Deposit

Seven kilometres to the east of Ouro Preto, the principal town of

the Province Minas Geraes, one of the most productive gold mines of

Brazil exploits the bedded quartz lode of Passagem, which, striking north-

east and dipping 18°-20° to the south-east, is roughly conformable with

the country-rock. The more detailed circumstances of its bedding may
be gathered from Fig. 322. Quartziferous mica-schist forms the lowest

member of the rock-sequence present, and this in contact with the lode

1 Scott, 190.3.



620 ORE-DEPOSITS

passes over to the so-called contact quartzite ; then comes the quartz lode

which has a cryptocrystalline schist for its immediate hanging-wall

;

while above this again lies the itabirite, with its zone of decomposition

and lateritization knowai locally as Canga.

Of these rocks, the so-called contact quartzite and the quartz lode

claim special attention. The first, according to Hussak, is greenish-white in

colour and distinctly schistose in structure, the mica being sericitic. It is

most closely connected with the quartz lode, in which it forms lenticular

masses which in some places take up the whole lode width, w^hile in other

places they are completely absent.

The hanging-wall rock, the so-called cryptocrystalline schist, consist-

ing of thin layers of minute aggregates of quartz grains, these layers

jcili:

m

m*

«
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ku

Arsenopi/ritt

Tourmaline schiitose

Fia 322.—Section of a bedded quartz lode at Passagem uear Ouro Preto.

M. P. Ferrand, Zeit. f. prakt. GeoL, 1898, p. 346.

being separated by narrow beds of a straw-yellow to light-brown amphibole

often resembling asbestos, is very thinly bedded. The quartz layers

contain abundant metalliferous particles, and, though seldom, extremely

finely divided gold.

This lode, regular in dip, deviating but little in strike though

varying considerably in thickness, consists of an auriferous pyritic quartz,

or in greater detail, of a milk-white quartz with some tourmaline and

arsenopyrite, and to a less extent some pyrite and pyrrhotite. What here

is termed a lode is more probably a series of lenses sometimes constricted,

sometimes expanded, at times auriferous, and at times barren. It

is generally the thicker lenses W'hich consist of schistose quartzite and

barren milk-white quartz. Unlike the hanging-wall schist, the quartzite,

which as stated above forms the foot-wall, contains no precious metal. The

richest portions are those containing fine crystals of arsenopyrite and black

tourmaline. The gold content may then be 150-200 grm. per ton, but when

more quartz is present it is lower. Clean quartz from the lode contains

but 2-3 grm. per ton, though when bands of tourmaline render this quartz

m.

'Wn
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schistose the gold content rises to 10-15 grm. The pyrite also, contrary to

usual experience, only carries gold when it is intergrown with tourmaline or

when it has started to decompose ; in such cases a content of 20-30 grm.

of gold per ton is often found. With the gold some bismuth and silver are

associated. 8uch lode-filling has been proved for 700 m. along the strike,

and 450 m. in depth. Concerning genesis, Hussak, as the result of observa-

tion on the spot and of microscopic investigation, has come to the conclusion

that the lode is of intrusive origin, being in fact an ultra-acid granitic apo-

physis. According to him it broke through the quartz-schist which it

fractured and in part absorbed, forming a distinct contact zone on both

walls. It is younger than the rocks now found in its hanging-wall.

During the period 1864-1873 from 104,000 tons of ore treated 753-5 kg.

of gold were recovered ; and during 1884-1893 from 257,626 tons 2375 kg.

In addition about 36 kg. of metallic bismuth per year was separated from

the gold.

The Raposos Deposit

According to Berg,^ although of no great economic importance this

deposit, situated in lat. 19° 58' S. and long. 43° 49' W., represents geologic-

ally a remarkable formation, in that pyritic sulphides are concentrated

in the form of chimneys pitching at an angle into depth. The country

around consists chiefly of pre-Cambrian clay-slate and phyllite, which are

occasionally represented by chlorite- and sericite-schist, and which alternate

with itabirite rich in magnetite, and with different

calcareous quartzites ; these schistose north-north-

east striking rocks, dipping at an angle of 35° to the

east, are pierced by two bosses of diabase. The

geological structure is therefore quite similar to that

of the important gold deposit of Morro Velho next

described.

The rocks in detail are in different places highly

contorted, compressed, and elongated. It is particu-

larly where elongation is evident that the ore occurs

in regularly arranged chimneys. These are generally ,
^^°:

^^f-
—Section

c T
• 11 1 1

• through a gold ore-cninmey
3-6 m., but may occasionally be as much as 12 m. m 20 cm. diameter, at Ra-

diameter, though on the other hand they mav be as P°*°^' ?.'^'^^}}'
, ^*;''fA/^'^'®

. ."../• IJrakt. GeoL, 1902, p.

little as 20 cm. ; a chimney of the latter dimension is 82.

illustrated in Fig. 323. They lie regularly arranged in

the plane of the schist, though not always following the line of the dip. Sur-

rounded by schist, the substance of the chimney consists of quartz and pyrite.

1 Zeit. f. prakt. Geol, 1902.
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The middle is occupied by minutely though distinctly brecciated quartz in

which some individual pyrite stringers and veinlets are found, while pyrite

and quartz, intimately mixed, occur more particularly around thelperiphery.

Arsenopyrite remarkable for a high gold content is not infrequently found

with the pyrite. Chalcopyrite, pyrrhotite, and sphalerite are very sub-

ordinate, while magnetite, presumably remaining from the original

itabirite, is common. Not infrequently the chimneys show a stemmed
structure, each then consisting of a number of parallel and close-

lying smaller individuals. Berg explains this formation by assuming

that the crystalline schist under lateral pressure experienced an elongation

producing a columnar structure,^ along which later, and probably in

connection with the diabase, the gold solutions arose. The irregularity

of the rock and the repeated change from brittle quartzite and itabirite

to elastic flexible schist, prevented the formation of regular lode fissures.

The solutions had therefore to find their way between the crushed quartzite

and the itabirite, the calcite and magnetite constituents of which latter

favoured the metasomatic replacement of the country-rock, with the

result that where under conditions of undisturbed bedding epigenetic

bedded deposits would have arisen, epigenetic ore-chimneys became formed.

The Morro Velho Deposit

At Morro Velho a lode having the form of a column with an elongated

oval cross-section, is worked. In this district gneiss and granite form the

basement upon which mica-schist, calc-schist, schistose quartzite, clay-slate,

itabirite, and younger mica-schist, have been laid. In so far as the gold

is concerned, the grey pre-Cambrian schists and phyllites intercalated with

itabirite and quartzite but below the main zone of itabirite, are of import-

ance. According to Derby the lode traverses a bed of calc-schist which,

containing mica and chlorite, may in general be described as a mica-schist.

It is interesting to note that though it contains calcium carbonate in large

amount, the carbonates of magnesia and iron are almost completely absent.

The lode strikes east-west and has been worked for a length of roughly

200 metres. It is from 1 to 35 m. in width and has been followed for an

inclined depth of about 1800 metres. This mine is one of the deepest in

the world, having as far back as 1901 already reached a vertical depth

of 1030 metres.

The filling consists of a fine-grained mixture of siderite, dolomite,

calcite, quartz, and to all appearances also of albite. The large amount
of carbonates in the lode-filling is remarkable. Typical vein-quartz, on

the other hand, appears in but subordinate amount and only in some

1 Grijfehtraktur.
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places. Among sulphides, pyrrhotite, pyrite, arsenopyrite, and chalco-

pyrite are found, while sphalerite and galena are accounted rarities.

According to Wilder the ore contains 30-40 per cent of sulphides, 30-40

per cent of carbonates, and 20-30 per cent of quartz. Pyrrhotite is the

prevailing sulphide, and siderite the prevailing carbonate. Au average

sample, representative of the ore mined for several months, gave 28-5 per

cent of pyrrhotite, to which, according to Wilder, may be added 5-04 per

cent arsenopyrite, 2-5 per cent pyrite, and 0-66 per cent of chalco-

pyrite, making altogether 36-7 per cent of sulphides.

A small amount of smoky quartz finely distributed throughout,

is considered favourable to the gold content. Should on the other

hand the quartz resemble typical vein-quartz, or pyrite be abundant,

the gold content appears to diminish. This deposit therefore, as is also

the case with other Brazilian deposits, deviates from the normal type of

gold-quartz lode. With increasing arsenopyrite the gold content of the

whole mass increases.

At the east end of the lode and in contact with the country-rock,

graphite occurs. Beautiful albite crystals are also not infrequent though

generally they are only of small dimension. Other features of interest are

the aplitic texture of the ore and the occurrence of fissure water in which,

according to analyses, almost all the elements found in the lode are

contained. Finally, the absence of typical eruptive rocks from the vicinity

is noteworthy.

In the year 1901 this mine produced 152,238 tons of ore, of which

140,855 tons were treated yielding 99,197 oz. or 3085 kg. of fine gold.

On an average the ore contains about 0-7 oz. per ton.

The Gongo Socco Deposit

This deposit belongs to the so-called jacutinga lines. Its geological

position is illustrated in Fig. 321.

Gneiss and granite again form the basement upon which mica-schist,

calc-schist, schistose quartzite, and clay-slate lie one after the other.

The last of these rocks forms the immediate foot-wall of the itabirite, the

hanging-wall of which is limestone. All these rocks dip approximately
45° to the south. The Gongo Socco mine is situated on the central

railway of Brazil, at a point roughly 30 km. east of Sahara and 1000 m.

above the sea. The auriferous jacutinga is at most 15 cm. thick. In the

centre of its thicker portions it contains pieces of pure gold in the form of

irregular aggregates plates and wires, such aggregates weighing from

a few grammes up to several kilogrammes. Two-thirds of the gold won is
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found in this form, and but one-third finely distributed throughout the sub-

stance of the itabirite itself. Captain Lyon in 1830 reported that a single

native recovered in one day specimens of gold ore which yielded 10 kg. of

metal. Other remarkable finds made in the years 1829 and 1830 are

reported to have yielded between 47-6 and 193 kg. of gold. The whole

itabirite formation indeed carries gold though seldom in such amount as

to make it worth working. The composition of jacutinga, which in reality

is ferruginous itabirite, may be gathered from the following analyses :

FejOs . . . 97-00 per cent

SiOa . . . 1-60

AI2O3 . . . 1-10

MnaOs . . . 0-60

From 1826 to 1839 about 11,000 kg. of gold were obtained from this

mine. Unfortunately in 1840 the water in the deepest level could no longer

be mastered, and in 1856 when a depth of 140 m. had been reached

operations were discontinued. The highest output of any year was made

in 1832 when 1578 kg. were obtained ; in 1856 when work was stopped

the output had dropped to 29 kilogrammes.

Gold Production of Minas Geraes.—The development of gold mining

in this district may be gathered from the following figures: In 1896,

1963 kg. were produced ; 1897, 2071 kg. ; 1898, 3267 kg. ; 1899, 3974 kg. ;

1900, 4811 kg. ; and in 1901 about 5000 kg. Since then the production has

fallen considerably, Brazil in 1910 only producing 2972 kg. The total

output from 1820 to 1901 amounted to 85 miUion sterling.

Gold Deposits at Sekenke in German East Africa

literature

Reports of J. Kuntz, Scbllenzig, and F. Schefflek in manuscript.—K. Schmeisser.

Die nutzbaren Lagerstatten der deutschen Kolonien. Lecture. Berlin, 1910.

The village of Sekenke is situated about 10 km. west of the steep

descent from the Iramba plateau, upon a flat undulation about 15 km. long

and 3 km. wide, between the Wembere and Chironda streams. Here many

lenticular lodes occur in the contact belts around different eruptives, mostly

of dioritic nature. These rocks, as well as the lodes they contain, strike

north-south and dip at a high angle. Of fifteen such lenses yet known five

are payable, three of these constituting the Dernburg lode. The length of

these lenses varies between 50 and 300 m., while the thickness in places

reaches 3 metres. For every metre of depth they yield something more

than 1000 tons of ore, so that down to a depth of 27 m. about 30,000 tons are

available. The secondary variations of metal content in depth are very well
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developed. The cementation zone comes right to surface, samples from it

occasionally assaying several thousand grammes of gold per ton ; the average

assay of sixty samples, after rejecting abnormally high results, gave 47

grm. per ton. The average content in shaft No. 1 of the Dernburg lode,

down to 26 m. was 60 grm. Since, according to Kuntz, rich ore still con-

tinues below water-level, this occurrence at Sekenke presents a case where

the cementation zone has by subsidence been depressed below the ground-

water level. This phenomenon in our opinion is probably associated with

the formation of the steep drop from the Iramba plateau.

East of this occurrence gold lodes occur upon the Iramba plateau itself,

where formerly extensive work was carried on. The rocks there are slates,

probably Palaeozoic, these being intruded by granitic rocks chiefly, but also

by diorite. The lode-outcrops on account of their quartzose character

stand out boldly upon the ground, and in this case also the cementation

zone comes to the surface. Samples of the ore from this zone occasionally

assay as high as 4 kg. of gold per ton. Development work however has

shown that at but little depth the primary zone commences. In this

the quartz is impregnated with pyrrhotite and pyrite, and the gold content

quickly decreases till the ore becomes no longer payable. This occurrence

of pyrrhotite is particularly interesting.

The Gold Lodes of South Africa

LITERATURE

F. W. VoiT. ' Ubersicht iiber die nutzbaren Lagerstatten Siidafrikas,' Zeit. f. prakt.

Geol., 1908, p. 209.^P. R. Krause. ' tjbcr den Einfluss der Eruptivgesteine auf die

Erzfiihrung der Witwatersrand-Konglomerate und der im dolomitischen Kalkgebirge von
Lydenburg auftretenden Quarzfloze nebst einer kurzer Schilderung der Grubenbezirke
von Pilgrimsrest und De Kaap,' Zeit. f. prakt. Geol., 1897, p. 12.

—

Sawyer. The Goldfields

of Mashonaland. London, 1894. — K. Schmeisser. Die nutzbaren Bodenschatze der
deutschen Schutzgebiete. Berlin, 1902.

Among the old gold lodes, those of the De Kaap goldfield in the

Transvaal and those of Rhodesia claim especial attention. The crystalline

schists of South Africa lying upon the fundamental gneiss constitute

the principal horizon of these quartz lodes, which occur of all dimensions,

from microscopically small quartz veins involving the whole bedded
formation in which they occur, to the most extensive of ordinary lodes.

Generally only the smaller veins are auriferous, the larger lodes consist-

ing more often of barren quartz. The ore-bodies are usually lenticular

and are found sometimes along one plane, sometimes along another ; they

are also often associated vnth dyke-like occurrences of eruptive rock.

The minerals include pyrite, chalcopyrite, galena, sphalerite at the Sheba
Queen mine, stibnite at La France, arsenopyrite, and other sulphides. The
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distribution of these is not uniform, they are more usually found con-

centrated in ore-shoots. It is characteristic of all these deposits that

they are generally only payable in the cementation zone.

The most important deposits are those of the Barberton district, these

constituting the De Kaap goldfield. According to Krause and Voit, in this

goldfield numerous lodes traverse the steep crystalline schists which lie

upon the granite. Some of these are ordinary cross lodes, while others are

bedded. More generally they strike with the schists in which, accompanied

by diabasic rocks, they occur, the lodes often being especially rich where

they intersect these rocks. Of the many mines working in this district

the Sheba Queen is the most interesting. In this mine talc- and chlorite-

schists overlaid by quartzite are traversed by such a number of small

quartz veins that the whole complex, to a thickness of about 100 feet, can

be worked. This is therefore a deposit closely related to the composite

lodes as defined by Krusch. At Pigg's Peak, where quartzite is traversed

by numerous veins, and at Zwartkopje, the circumstances are similar. At

this latter place the gold is contained in a ferruginous banded sihca-schist,

at its contact with a grass-green schist which presumably represents a

deformed eruptive rock. The occurrences at Steynsdorp to the south of

Barberton are noteworthy in that the gold, in addition to being associated

with silica-schist, is also connected with itabirite. It occurs sometimes

intimately associated with stibnite, and sometimes irregularly distributed

in native condition through snow-white quartz containing no sulphides.

Analogous lodes are found in the Vryheid district of Zululand and else-

where. The economic importance of all these occurrences is but small.

In Khodesia, the gold lodes generally occur in the neighbourhood of

diabase, in east-west striking crystalline schists forming larger and smaller

patches in granite. Since these deposits are generally poor immediately

at the surface and only become payable at a little depth therefrom, it

would appear as though the partly impoverished oxidation zone were here

still represented ; in addition, both in Mashonaland and Matabeleland

the cementation zone appears to continue to greater depths than in the

Transvaal. Two types of lode may be distinguished, firstly, those which

reach 1 m. in width and form ore-shoots 100-140 m. long ; and secondly,

large impregnation zones with fairly constant content for lengths of almost

1000 metres. The deposit worked at the Wanderers mine in the Selukwe

district has for instance a width of 40-60 feet. The Giant mine works an

auriferous itabirite in which the auriferous zones consist of lenticular

bodies, some of which are connected by narrow cross veins.

The lodes in the Malmani dolomite occur in a substantially younger

country - rock. These at the surface often have a width of 10 m., a

width which in depth invariably contracts, suggesting that it is largely
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due to oxidation-metasomatism. Although these deposits are often of con-

siderable extent at the surface, they generally have but a low gold content.

The best known is the Mitchell lode. The deposits of this class in the

Lydenberg district, described later, are more important. The occurrence

of copper with the gold connects those deposits with the auriferous copper

deposits, while the pronounced replacement phenomena in the limestone,

on the other hand, are indicative of metasomatic processes.

Gold-Copper Deposits in German West Africa

LITERATURE

G. GtiRiCH. Deutsche-Siidwestafrika, Reisebilder aus den Jahren 1888 und 1889.—
E. Stromer v. Reichenbach. Die Geologie der deutschen Schutzgebiete in Afrika.

Munich, 1896.—K. Schmeisser. 'Die nutzbaren Bodenschatze der deutschen Schutz-

gebiete,' Lecture, Colonial Congress. Berlin, 1902.—F. W. Voit. ' Beitrage zur Geologie

der Kupfererzgebiete in Deutsch-Siidwestafrika,' Jahrb. d. k. pr. geol. Landesanst., 1904.—

•

L. Macco. Die Aussichten des Bergbaues in Deutsch-Siidwestafrika, Berlin, Dietrich

Reimer, 1907.

Gold-copper ore is won in the Pot mine on the Swakop river, where

the deposit, as described by Voit, is a garnetiferous layer intercalated in

gneiss and sparsely impregnated with copper, such impregnation having

proceeded from a fissure.

Schmeisser mentions the copper deposit at Hussab also as being

auriferous. There, in a large patch of gneiss lying upon granite, an exten-

sive quartzite-schist bed is intercalated, in the hanging-wall of which,

zones of mica-schist impregnated with copper ore occur. It must be

assumed in this case also that the impregnation proceeded from fissures.

More important are the auriferous copper deposits of the Rehoboth

district, which were carefully investigated by the Eichmeyer expedition.

The most promising of these occur on the Groot and Klein Spitzkop,

some 20 km. to the north-west of Rehoboth. There, highly contorted

mica-schists are traversed by a large number of linked veins which

in general strike east-west and dip to the north. At the top of these two

hills the veins form a regular maze in which five only are sufficiently

definite to be followed. The copper ore occurs sometimes as malachite

impregnations, sometimes as chalcocite, bornite, chrysocolla, decomposed

chalcopyrite, or in fact all those ores characteristic of the oxidation and

cementation zones. From the occurrence of remnants of pyrite the

conclusion may be drawn that the primary ore consists chiefly of pyrite.

The gold occurs either as free gold or associated with pyrite. The wedges

of country-rock occurring between converging veins have also assayed

3-4 grm. of gold and 20 grm. of silver per ton. Quartz and calcite are

the principal gangue-minerals, these being sometimes accompanied by

VOL. II I
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siderite. The vein-quartz is compact, resinous in lustre, and milk-white

to red in colour, but strangely enough it never carries finely divided gold,

this metal alwa3^s occurring in grains, up to 4 grm. in weight. In contra-

distinction to this, the friable and dull quartz and the whitish-brown

Fig. .324.—Beresite dykes at Beresowsk. Karpinsky, ' Guide des excursions du VII.
Congies Gi^olog. Intern. 1897,' Zeit.f. prakt. GeoL, 1898, p. 23.

quartz carry gold so fine as to be undiscernible by the naked eye ; analyses

give 3-2 grm. of gold together with 28 grm. of silver per ton. In spite of

the association of the gold with chalcocite, no gold could be detected in

such pieces of chalcocite as were freed from lode material, though such

contained approximately 76 per cent of copper. This must be taken as

evidence that the chalcocite was subsequently cemented by gold.
h^
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Gold Lodes of Beresowsk in the Urals

LITERATURE

F. PosEPNY. ' Die Golddistrikte von Berezov und Mias im Ural,' Arch. f. prakt. Geol.
II., 1895, 13. 490.—A. Karpinsky. Guide des excursions du VII. Congres Geoiog. Intern.,

1897, V. p. 42.—R. Beck. ' Die Exkursion des VII. Internationalen Geologenkongresses
nach deni Ural,' Zeit. f. prakt. Geol., 1898, p. 16.

The geological position of these deposits is very interesting. The
district consists of dynamo-metamorphosed talcose, chloritic, and phyllitic

schists, which at the surface are decomposed to a reddish mass. These, as

illustrated in Fig. 324, are traversed by

numerous dykes of a microgranite known
as beresite, which dykes, 2 to 14 m. wide,

strike north-south and dip vertically ; they

likewise are decomposed to a considerable

depth. The primary deposits are associated

with extensive gravel-deposits which often

lie below a peat covering, this being used

for fuel. The gold veins run at right angles

to the beresite dykes, within which they are,

practically speaking, confined, though as

illustrated in Fig. 325, they often continue

a short length in the country-rock beyond.

These veins are usually but a few centi-

metres in thickness though exceptionally

they may be more than one metre. In their fiq. 305. —Diagrammatic repre-

occurrence they greatly resemble the ladder seutation of the gold lodes at Bere-
' sowsk Bfick

lodes of Australia, illustrated in Fig. 319.

The lode -filling consists of auriferous quartz, the gold being partly

free and partly associated with pyrite, with which latter lead- and copper

sulphides sometimes occur. Karpinsky states that the gold content

varies between 2-5 and 30 grm. per ton, with an average of probably

13 grm., though in places it may reach as much as 250 grammes.

In connection with the question of the genesis of these deposits

it is significant that the neighbouring Schartasch granitite is stated to

contain up to 1 grm. of gold per ton, though this rock, unlike the beresite,

is quite undecomposed. The decomposition of the beresite, on the other

hand, is so advanced that analyses permit only doubtful comparisons.

If however this granitite contain primary gold, then the beresite dykes,

which represent later pulsations from the same parent magma, must also

originally have contained primary gold, which quite conceivably became

concentrated in the contraction fissures which opened as the rock cooled.



630 OEE-DEPOSITS

The Hohe Tauern in the Eastern Alps

literature

B. CoTTA. Geologische Briefe aus den Allien, Leipzig, 1850, p. 146.—A. v. Groddeck.

Die Lehre v. d. Lagerstatten der Erze, Leipzig, 1879, p. 206.—F. Posepny. Arch. f.

prakt. Geol., 1880, Vol. I. p. 487.—M. Vacek. Verhandl. d. k. k. geol. Reichsanst., 1893.

' Die Untersuchung des Berg bauterra ins in den Hohen Tauern,' Commission's Report, pub-

lished by the Minister of Agriculture, Vienna, 1895. ' Das Bergbauterrain in den Hohen
Tauern,' Jahrb. des naturhistor. Landesmuseums von Karnten, 1897, Part 24.—P.

Krusch. ' Die Goldlagerstatten in den Hohen Tauern,' Zeit. f. jirakt. Geol., 1897, p. 77.

According to Posepny, gold mining in the Hohe Tauern must be

accounted as belonging to the oldest mining in Europe. The district

traversed by the lodes contains two large gneiss massives known

respectively as the Ankogel and the Hochnarr. Both of these form gentle

elevations, and to the north and south both are overlaid by crystalline

scliists, including mica-schist, calc-mica-schist, limestone, phyllite-schist,

and chlorite-schist. The beds are horizontal or but flatly inclined, and

are faulted along north-south fissures. The area lying between the two

massives and consisting likewise of gneiss and mica-schist, is, according to

Posepny, a syncline enclosing younger rocks. More recent investigations

by Geyer and A^acek of the Geological Survey are however available.

According to the latter, the schistose mantle consisting of members of

different age overlays the central gneiss. This gneiss in its upper portion

merges into hornblende- gneiss, upon which lie sericitic schist and

quartzite, these in turn being overlaid by the upper hornblende-gneiss.

In this area of crystalline schist, lodes and bedded deposits are found.

Gotta and Posepny considered the lode-like deposits to be true lodes. They

are filled with quartz and other gangue and with fragments of country-

rock, while in addition to free gold they contain auriferous and argenti-

ferous sulphides. According to Gotta the Tauern lodes are equivalent to

the silver-quartz lodes of Freiberg. Posepny considered them as belong-

ing to the sulphide lead-zinc group of Breithaupt, though at the same

time, in their quartz and stibnite content, resembling the silver-quartz

lodes. Finally, v. Groddeck regarded the Tauern lodes as belonging to

his very comprehensive Austrahan-Californian type.

Gotta particularly remarked that these lodes, like the Freiberg silver

lodes, become poorer or even barren when leaving the gneiss and entering

the mica-schist. In the Sieglitz, the gold content in one case increased

considerably as the mica-schist was approached, though in that rock

itself it ceased. In the Eauris also, enrichment in the neighbourhood

of rocks not suited to the formation of fissures has been noticed, and

Reissacher mentions that on the Goldberg accumulations of precious

metal occur in gneiss near a black slate, while in the slate itself the lode
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pinches to a barren fissure. Albert! on that hill counted twenty-six lodes

striking north-east and in general dipping south-east. For the principal

complex of mines at this place Posepny formulated the following fissure-)systems : the Herrnstolln or Froberling system, the Habersberg fissure, the

Haberland and Goldberg system, and the Kirchgang and Bodner fissures.

Within the indistinctly bedded gneiss certain schistose beds occur, which,

striking towards the position of the sun at nine o'clock, are known as

' nines.' These have an influence upon the gold lodes, in that these latter

only maintain a regular strike in the gneiss between these beds, but not

within the beds themselves, where their course is indefinite.

The change in the lode-filling on the north side of the Hohe Tauern

is interesting. The Sieglitz-Pockhart-Erwies lode-series, which may be

followed for about 6400 m., carries, so long as it is in gneiss, decomposed

country- rock with quartz, dolomite, arsenopyrite, pyrite, chalcopytite,

galena, argentite, and some light coloured gold. In the limestone overlying

the gneiss, on the other hand, the width of the lode, otherwise but small,

increases to 20-60 m., and the lode then contains ankerite, siderite, galena,

chalcopyrite, sphalerite, and zinc oxidized ore. Gold however is absent,

and only occurs again when the gneiss is re-entered. On the Silberpfennig

the lodes as soon as they penetrate calc-mica-schist carry pyrite, siderite,

and galena, but no longer any gold.

On the south slope of the Hohe Tauern, pyrite deposits occur in the

schists above the gneiss, those of Grossfragant at Waschgang and those in

the G5ssnitz being the best known.

The gold content of the Hohe Tauern lodes is sometimes consider-

able, and in places as much as 500 grm. or more per ton. A separa-

tion of the data available into such as were derived from the secondary

and primary zones respectively, can unfortunately no longer be made.

On the Rathausberg, in the first half of the seventeenth century an average

of 31-7 grm. of gold was maintained, and in the second half 36 grm. ; in the

first half of the eighteenth century 22-1 grm., and in the second half 20-5

grm.; in the first half of the nineteenth century 12-6 grm.; or in general

22-7 grm. of gold bullion per ton. Of the Rauris the following figures of

content are given : in the second half of the seventeenth century 46-6

grm. ; in the first half of the eighteenth century 33-2 and 26-9 grm. ; in

the second half 20-0 grm. and 16-0 grm. ; and in the first half of the

nineteenth century 37 grm. and 30-0 grammes. According to Posepny a

general average of 25-5 grm. may be assumed.

New development work is now proceeding upon the Sieglitz lode

near Bockstein. In October 1910 Krusch was able to investigate the

deposit in the deep winze from the Georg adit. There the well-

defined simple lode in the crystalHne schists strikes north-north-east
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and dips comparatively steeply east - south - east. In places, as the

result of repeated re-opening of the fissure, false walls are found. From
the later fissures an intense impregnation proceeded, which not only

involved the old lode material but also the formerly barren comitry-rock,

and this latter to such an extent that much of it is now payable. The
width of the lode varies between 70 cm. and 2 metres. The filhng consists

of quartz and of rock fragments which in places are greatly siHcified and

almost invariably impregnated with ore. Of the sulphides, arsenopyrite

and pyrite are particularly characteristic. While the latter occurs chiefly

impregnated and rarely in good crystals, the arsenopyrite is not only

found in the impregnated material but also in a continuous streak,

which after hugging the hanging-wall, jumps the central portion of

the lode to continue along the foot -wall. This streak is a younger

formation in a pre-existing quartz-pyrite lode either free from, or con-

taining but very little arsenopyrite. Whether the present gold content

belongs partly to the original lode-filling, or is exclusively associated

with the younger arsenical filling, cannot be definitely determined. It is

certain however that by far the greater part of the gold is associated

with the arsenic, and referable therefore to the younger filling. The
highest result obtained from the samples taken by Krusch was 276 grm.

per ton, though the average is reckoned to be about 45-4 grammes.

The silver varies between 15 and 211 grm., being 80 grm. on an average.

The Occurrence of Gold at Schellgaden in the Lungau Tauern

LITERATURE

F. Neugebauer. Lecture, Vienna Mineralogical Society, May 2, 1904. ' Austrian
Geological Survey,' Section St. Michael, G. Meyee, K. k. geol. Reichsanst., 1891, 1892,
189.3.—F. Beyschlag. ' Der Goldbergbau Schellgaden in den Lungauer Tauern,' Zeit. f.

prakt. Geol., 1897, p. 210.

The Lungau is the seat of an ancient and flourishing mining industry,

concerning which however reliable data are only available from the four-

teenth century. The basement rock of the whole Lungau consists of

three occurrences of gneiss ; to the powerful gneissic granite of the

Ankogel massive belong the mountain masses of the Reisegge group, those

of the Hafen Eck, and those of the Hochalpenspitze, all of which strike into

this district. According to Geyer these are altered eruptives of obvious

eruptive character in the foot-wall but of schistose structure in the

hanging-wall. The second gneissic massive overlies peripherally that

just mentioned, and according to Vacek and Geyer consists of normal

hornblende-gneiss and schist ; the Kareg range and the Schlattming

mass belong to this occurrence. The third occurrence consists of blocky
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two-mica gneiss. Over these three gneissic cores the schists of the Liingau

Tauern spread as a covering ; they consist of garnet-mica schists and of

calc-phylHtes, these two formations being separated from each other by

a plane of considerable disturbance.

For the gold deposits the hornblende-gneiss, which is an alternation

of hornblende-gneiss proper, hornblende-free schistose gneiss, and green

schist, appears to be the most important.

The Gannthal gold deposit occurs in green mica-schist with fibrous

structure. In its upper horizons this mica-schist carries large quartz lenses

often containing small amounts of sulphides, which, though occasionally

worthless, often constitute, and especially w^here they are plentiful, rich

pyrite deposits. These consist chiefly of pyrite but also contain chalco-

pyrite, bornite, some sphalerite, and arsenopyrite. In the quartz fine

mica films are intercalated. The pyrite deposits have generally a thick-

ness of 0-25 to 2-00 m., though in the Barbara district 8 m. has been

reached.

The strike of the Schellgaden deposits is usually roughly north-south.

The gold content of the quartz led in early times to prospecting work.

In those days, on account of the pronounced bedding generally seen,

the occurrences were regarded as beds conformable in strike and dip

with the formation. The bedded nature was however doubted by later

authorities—Milichofer and Rosegger—who, assuming the presence of

a dislocation zone and remarking the splitting of the deposit into veins,

considered the deposits to be lodes. Beyschlag however in 1897 pointed

out that the occurrences could not aptly be described as lodes. Accord-

ing to him the ore-bearing lenses are not irregularly distributed in the

country but occur in a north-south line which, taken alone or together

with other neighbouring parallel occurrences, has the character of a zone

of disturbance, with which disturbance the introduction of the ore is

probably connected. The so-called beds are therefore narrow zones

following the principal fissure and containing quartz lenses in good

number and metalliferous. These zones are crossed and dislocated

by barren east-west fissures. While therefore Beyschlag inclines to

the bedded nature of the quartz lenses and assumes a subsequent intro-

duction of the ore, Neugebauer as the result of his investigation comes

to the conclusion that the quartz, gold, and sulphides, were simultaneously

deposited from one and the same solution and are younger than the

country-rock, and that consequently the deposits are entirely epigenetic

and represent the filling of cavities which arose as the Alps were folded

into position.

The most important deposits are found at Stiiblbau in the Gannthal,

at Maradlwand. and at Zaneischg. The extension of the occurrence has
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been proved for more than 2 km., along which length however the con-

tinuity of the ore is broken by unpayable and barren patches.

The Gannthal deposits are therefore true bedded lodes which were

probably formed by the same happenings as those to which the gold occur-

rences in the Hohe Tauern owe their existence. The filling consists of

quartz, such quartz being of indistinct crystalline habit and exhibiting those

evidences of pressure or stress as are characteristic of all quartz deposits

occurring in the older geological formations. The presence of scheelite is

interesting, this mineral being typical of tin lodes. The sulphides, among
which pyrite is most noticeable, rarely form solid masses but are distributed

fairly equally throughout. Where however such masses are more plentiful

they usually occur parallel with the mica films which divide the quartz

into small irregular lenses. The minerals present form an assembly having

much in common with the mineral-association of the Hohe Tauern. The

gold occurs in small particles in the quartz itself, though it also occurs

as an accessory constituent \\ith the sulphides. The gold content of these

sulphides, from the results available, varies between 5 grm. and 69 grm.

per ton, in addition to which silver is present to the extent of 10-40

grm. per ton. The concentrate recovered in treatment contains 500-600

grm. of gold and 200-300 grm. of silver per ton.

The Gold Occukrence at Eoudny in Bohemia

LITERATURE

F. PosEPNY. ' Goldvorkommen in Bohraen,' Arch. f. prakt. Geol., II., 189.5.—P. Krusch.
' tJber die Goldlagerstatten von Roudny in Bohmen,' Zeit. d. d. geol. Ges., 1902.—0. Eypert,
' Der Golderzbergbau von Roudny in Bohmen,' Osterr. Zeit. f. d. Berg- u. Hiittenwesen,

1905.—R. Beck. Lehre von den Erzlagerstatten, 1909.

The gold occurrence at Koudny, about 60 km. south-south-west of

Prague and 15 km. east of Woditz in the department of Borkowitz,

has of late years become more widely known. According to Beck, the

rock which forms there a fiat, partly wooded ridge between the Liboun

valley and another coming from Kamena, consists chiefly of biotite-gneiss

traversed by numerous bosses and dykes of a tourmaline-granite, and

much metamorphosed. This granite has often a pegmatitic and sometimes

an aplitic character. According to Krusch, on the other hand, the biotite-

gneiss is a pressure-deformed granite which has assumed a fibrous, gneiss-

like structure ; in many places it merges into granite. It contains in

addition large and small amphibolite inclusions, which are resorbed along

their outlines. The gneiss, gneiss-granite, and amphibolite, are all traversed

by aplite.

In this rock complex a number of fissures occur, which generally strike

east-west, dip some 60°-70° to the north, and are arranged in systems.
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These fissures have generally a width of but a few millimetres, seldom

centimetres, and are filled with quartz and pyrite. On either hand an
alteration of the granite has taken place, this being chiefly in the form of an
impregnation with quartz and pyrite. Though these fissures are in general

parallel along the strike they often intersect in dip. In addition, numerous
intersecting veins similarly filled proceed from the fissures and traverse

Fig. 326.—The gold lodes at Roudiiy. Krusch, Zeit. d. d. geoL Ges'., 1902.

the granite, the felspar of which is sometimes kaolinized and sometimes,

as is also the case with the biotite, replaced by quartz and pyrite.

By this far-reaching silicification and pyritization the granite zones

in which the fissures occur have become altered to pyrite- and quartz-

impregnated zones, such zones being mined as single occurrences ; they
have as a rule no sharp boundaries against the normal gneiss-granite.

Three such zones are known, these from north to south being the Joseph!

lode, the Main lode, and the Branch lode. These dip steeply to the north
and vary considerably in width, this dimension sometimes reaching as
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much as 20 metres. Continued towards the east, as illustrated in Fig. 326,

they unite to form one deposit.

The gold content of these veins and impregnation zones is chiefly

associated -nith the pyrite
;
gold however occurs free and finely divided in

the quartz ; while finally, it is found as flakes and indefinite crystals upon

the cleavage-planes of quartz and pyrite. As usual with most gold deposits,

here also the content varies greatly, from a few grammes to more than

100 grm. per ton. In general it is found that receding from the fissures the

gold regularly decreases ; and that the coarse pyrite crystals contain less

gold than the aggregates of fine crystals. It is further found that where the

impregnation zones come together the gold content is more than usually

high. The included patches of amphibolite contain practically no gold

though they are not free from pyrite. The aplite dykes dislocate the gold

lodes. The auriferous zones are crossed by north-south fissures which

are either barren or carry but little ore. The numerous old workings

around Roudny would indicate a large number of lodes.

The intimate association of the quartz, pyrite, and gold, suggests their

simultaneous formation. Since, however, irregular intergrowth of pyrite

and quartz is more often observed on the walls leaving the centre occupied

by quartz alone, it would appear that the deposition of the quartz

must have continued longer than that of the pyrite. The age of the

impregnation is probably great ; in any case impregnation had already

taken place before the aplite dykes were intruded and before the system

of north-south fissures was formed.

The Gold Deposits at Hussdorf-Wunschexdoef in Silesia

In the Palaeozoic slates between Lahn and Greifienberg, as indicated

by old workings upon the surface, many lodes striking roughly north-south,

occur. At Hussdorf two such lodes, distinguished respectively as I.

and II., dip to the east and are connected by a diagonal lode striking

east-west. At Wiinschendorf, but one has been explored, this striking

north-north-east and dipping east-south-east. At the In-der-Pinge ^ mine

a lode, following the contact between SUurian limestone and slate, strikes

north-west and dips north-east.

These lodes are fissure-fillings with definite walls. In width they

vary from a few centimetres to more than a metre. The lode material

consists of quartz, auriferous arsenopvrite, and pyrite. Although when

these sulphides are well developed they occupy almost the entire width,

their occurrence is more usually limited to a sprinkling in the quartzose

material. Fragments of country-rock within the lode are seldom found,

^ In the old workiiiErs.
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nor is silicification or impregnation of the walls often observed. The lodes

are affected by a large number of disturbances both along the strike

and in dip. Along the strike the lode is cut into pieces often not

much more than a metre in length, such pieces being generally but little

displaced, ^yhere these faults cut the lode at an oblique angle any lateral

displacement of the lode takes the form of an overlap. Along the dip,

vertical displacements have taken place along clay-partings, dipping

flatly ill various directions.

These lodes are characterized by well-defined secondary migration

of the metal content. The oxidation zone has been eroded to such an

extent that the cementation zone almost comes to the surface. It consists

of the residual quartzose gangue with coatings and skins of limonite and

auriferous pyrite and arsenopyrite. In the primary zone the lode width

quickly diminishes and at no great depth only miimportant fissures remain.

The gold content is not exclusively connected with the arsenopyrite but

also with the pyrite. The ore in the cementation zone sometimes contains

as much as 40 grm. per ton, whereas in the primary zone the content is

limited to a few grammes, nor have any ore-shoots been established.

Mining operations on this occurrence are but on a small scale and work

only proceeds occasionally,

Norway, Sweden, and Finland

Quartz lodes ^^'ith traces of gold have been established in many places

in these countries. Gold lodes proper, however, vn.th. a higher gold content

have seldom been proved, while rich lodes are unknown.

The lodes at AdeKors in Smaland and at Eidsvold in the Chiistiania

district occur in the fmidamental schists. At both places, and especially

in the eighteenth century, these lodes were worked, though at great loss.

The position of Eidsvold is indicated in Fig. 147. Similar deposits are

fomid in northern Finland.

On the island of Bommelo, situated south of Bergen ofi the west coast

of Norway, some gold-quartz lodes traverse what are chiefly intensely altered

basic rocks belonging to the Cambrian-Silurian formation.^ These lodes,

which occur in the neighbourhood of magmatic-intrusive pyrite deposits,

have since 1882 been worked sporadically, producing only about 100 kg.

of gold.^

At Svartdal in Telemarken, some quartz-tourmaline lodes in quartz-

diorite occur carrying native gold with much bisnmthinite and some copper

ore, etc. Further details of these will be found under the description of

1 Ante, p. 305.

^ H. Reusch, Bommeloen og Karmoen, 1888.
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the copper ores of Telemarken given later. Reference may also be made
to a previous mention of the gold lodes at Fahlun, where the gold is

accompanied by bismuth.-^

THE METASOMATIC GOLD-DEPOSITS

Gold deposits of metasomatic origin are but seldom encountered,

though isolated occurrences of such are found both with the young gold-

silver- and with the old gold groups. Since all over the world gold ore

consists chiefly of quartz, metasomatic processes resulting in the formation

of gold deposits must of necessity be identical with the processes of sihci-

fication, or impregnation with quartz. Among the occurrences here to

be described only that at Lydenburg, where limestone or dolomite has

been altered to quartz, presents the true type of metasomatic formation.

All the other deposits represent replacements of country rock consisting

of sandstone, slate, etc.. by silica, and may accordingly be regarded as

extreme cases of quartz impregnation ; they are therefore closely related

to lodes.

Lydenburg in the Transvaal

LITERATURE

J. KxTNTZ. ' tjber die Goldvorkommen im Lydenburger Distrikt,' Zeit. f. prakt. GeoL,

1896, p. 433.—P. R. Krause. ' Uber den Einfluss der Eruptivgesteine auf die Erzfiihrung

der Witwatersrand-Konglomerate und der im dolomitischen Kalkgebirge von Lydenburg
auftretenden Quartzfloze, nebst einer kurzen Schilderung der Grubenbezirke von Pilgrims-

rest und De Kaap,' Zeit. f. prakt. GeoL, 1897.—F. W. Voit. ' Ubersicht iiber die nutzbaren
Lagerstatten Siidafrikas,' Zeit. f. prakt. GeoL, 1908.

The dolomite beds of Lydenburg, lying upon clay-slates, rise near

Pilgrim's Rest up to as much as 1000 m. above the level of the valley

;

intercalated with them, even to the top of the range, are numerous

sheets of trap.

The primary gold deposits in this district were discovered during the

exploitation of gold gravels. Krause describes them as quartz beds, and

points out that some of them, especially in the neighbourhood of the

trap where that rock is decomposed, contain gold up to 600 grm. per

ton. Such a content would probably be due to cementation, since

with all the occurrences at Lydenburg, so far as at present known, the

secondary processes of decomposition have played an important part.

The shallower portions of the quartz beds at Jubilee Hill and the New
Clewer Estate have apparently been leached by hot springs, such leaching

having given to the quartz a spongy, porous, and pumiceous character, so

1 Ante, pp. 314, 315.
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that it easily crumbles and covers the floor of the working. The beds are

only in places horizontal ; more usually they form flat anticlines and

synclines. In greater detail the circumstances of their bedding are illus-

S/ate -"^ii^v . 'Dolomite-

?H-..v./';-^*jjI,?-' ;•.;.•..•;.•.• •.•.;•-+ * r^°0lfj,^^'^
+v'l,*'+*+ >'•' •.'•

• Dolomite . ; ; "'.^t: +^+
V

'4- 'ci-

i^*r;' •' ':'•'.:'' ' •''-. '. : .\-"r^-^A*:^-*

Fig. 327.—Section showing the geological position of the auriferous quartz bed and the trap sheets

in the Malmani dolomite, Lydenburg. Krause, Zeit. f. prakt. Geo!., 1897, Fig. 8.

trated in Figs. 327 and 328. In only one case, that illustrated in the

above-mentioned Fig. 328, did Krause observe them to be intruded by

an eruptive. The dyke in that case dragged the auriferous material right

to surface with it, indicating that it was younger than the deposit. It

Dolomite :

Fig. 328.—Section in the New Clewer Estate mine, Lydenburg. A diabase dyke crosses the

quartz bed ; both the quartz and trap extend along the dyke. Krause, Zeif. f. prakt. Geol.,

1897, Fig. 9.

is characteristic of these quartz beds that they do not always keep to the

same horizon. The payable thickness is 0-15-0-70 m., or on an average

040 m., with an average gold content of 30 grm. per ton. Some copper

accompanies the gold.

Voit considers rightly that these are metasomatic occurrences and

represent certain limestone bands which have become altered to quartz.

They present therefore in all probability the rare case of a typically

metasomatic gold deposit formed from limestone.

The occurrence at the Csetatye near Verespatak, mentioned when
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describing the young gold-silver lodes, also belongs to the metasomatic occur-

renpes.^ In view of the former description, only those criteria will here be

mentioned which are indicative of the metasomatic character of this deposit.

The rock forming the Csetatye hill has been differently described bydifierent

authors, a remarkable fact expUcable in that, apart from the complicated

conditions of bedding, the dacite as well as the accompanying tuffs and

sediments have suffered profound alteration. As statedwhen describing the

lodes of the Verespatak district, in addition to lodes, ore-chimneys appear,

which column-like and of small section smk into depth. According to

Posepny the intersection of a large number of fractures to form an in-

extricable maze represents the simplest form of such chimneys. At such

intersections the rock is particularly decomposed and impregnated ^\ith

silica and pyrite. These chimneys are usually connected with eruptive

breccias of which the cementing material is porous, pumiceous rhyolite.

In this district two deposits particularly were famous for their richness

in CTold, the Katroncza ore-chimney and the Csetatye. It is the latter

only which is of interest here. A vast excavation near the summit of

the Boj hill, dating from the time of the Romans and presumed to have

been made largely by fire-setting, owes its existence to the presence of

an important deposit which occurs partly in the eruptive rock but to

a greater extent either in the adjacent Lokalsediment, or at the contact

of the one rock with the other. Tremendous blocks of Carpathian sand-

stone were borne upward in the dacite magma. All the rocks exhibit

pronounced silicification so that their original petrographical characters

are to a great extent obliterated. Breccias of older rhyolite and dacite

cemented by younger porous rhyolite traverse the Lol-alsediment as well

as the completely silicified dacite. Originally there occurred here a con-

fused network of irregular fissures ramifying through dacite, Lokalseditnent

and Carpathian sandstone, replacing these rocks to a great extent by

quartz and pyrite. Posepny proposed for such deposits the name of

' ore-tvphoons.' ^ The ore-minerals found in this deposit have already

been briefly stated.^

Mount Morgan in Queensland

LITERATURE

J. Macdonald Cameron. Managers' Report, Mount Morgan Company, March 26,

1887. R. L. Jack. Rep. Geol. Survey, Queensland, 1884; and Mount Morgan Gold-

Deposits, 1892.—T. A. Rickakd. 'The Mount Morgan Mine,' Trans. Amer. Inst. I\Iin.
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Reimer.—S. F. Emmons. ' Structural Relations of Ore Deposits,' Trans. Amer. Inst. Min.
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1 Ante, p. 546. ^ Erztyphone. ^ Ante, p. 546.
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This deposit occurring in central Queensland south-west of Rock-
hampton, is one of the most interesting and important in the world. Its

prominent place in literature is in no small measure owing to the circum-

stance that it was formerly regarded as a geyser deposit, an origin which
would make it unique among economic gold deposits. This mine works
as a quarry the summit of a hill 500 feet above the surrounding level and
1225 feet above the sea, in a district forming part of the fore-ground

to that important mountain chain which, known in New South Wales as

the Blue Mountains and in Victoria as the Australian Alps, traverses the

three colonies parallel to the east and south-east coasts of the Australian

continent. The tectonics of the occurrence are simple. The upper

zs.NO a floor

Ore-deposit. Pyritic Quartzite. Eruptive Dykes.

Fig. 329.—Section through the Mount Morgiin deposit. Rickard, Trans. Amer. Inst.

Mill. Eny., 1891, Vol. XX. p. 143.

portions of the hill consist of Desert Sandstone presumably belonging to

the Cretaceous. Below this comes a sequence of grauwacke, quartzite,

slate, and occasionally serpentine. Eruptive dykes belonging to at least

two geological epochs traverse these sediments, those of dolerite, in part

interbedded, being particularly noteworthy. The ore-deposit constitutes

the summit of the hill. Broadly speaking it forms a flat cone, the

basin-shaped base of which rests upon pyritiferous quartzite. Both this

quartzite and the ore-deposit, as illustrated in Fig. 329, are traversed

by dykes.

The ore is very friable so that its comminution presents no difficulty.

In petrographical character it varies greatly. In the opencut workings

a bluish-grey crushed quartz, greatly resembling ore from the Comstock

Lode, is often observed. In other places silicified haematite is found,

this being generally regarded as the characteristic type of Mount Morgan

ore. These ferruginous masses resemble the outcrops of ordinary gold-
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quartz lodes as such often appear in California and Victoria. In addition,

other dark heavy ironstone, which might very well be taken for the

oossan of a sulphide lode, is also met, as well as light-coloured reddish

ore such as might arise in the oxidation zone of a copper deposit. One

portion of the material has been crushed to a sugar-like, lightly com-

pacted powder, while another forms solid masses. Stalactitic structures,

in part filling cavities, are also not infrequent. Some bluish -black

iridescent ore was very rich. In the Freehold adit a nest of white, porous,

friable rock, considered to be sinter, was encountered which, doubtless

because of the numerous air-inclusions, was so light that it floated on water.

Generally the ore is dull, though formerly it j'ielded beautiful specimens of

gold quartz some of which may now be seen in the Sydney Museum ; in

general these consisted largely of limonite and free gold. As a rule however

the gold is finely distributed and difficult to recognize in its environment

of iron oxide.

However distinct these different varieties of ore may be, all consist

essentially of quartz. The deposit may therefore be regarded as a quartz

mass, variable in colour and specific gravity, and traversed by north-west

striking dykes. Below a depth of about 90 m. an auriferous and pyritiferous

quartzite sets in ; while deeper still the presence of an auriferous copper

ore containing 3-5 per cent of copper and 12 grm. of gold was proved by

boring. The extension of the occurrence has now been fairly definitely

determined ; to the south-west it is bounded by a large felspar dyke,

and its greatest extension therefore apparently lies to the north and

north-east.

The genesis of this deposit is a much disputed question. R. L. Jack

regarded it as a geyser deposit ; J. Macdonald Cameron considered it an

auriferous zone traversed by a network of gold-quartz veins ; while some

mining engineers expressed the opinion that it was the gossan of a large

pyritic lode. Rickard, putting aside all these three theories, considered it

in greater part to be a metasoniatic occurrence. To him it represented

a hio-hly altered part of a shattered country which had been saturated with

mineral solutions and in part replaced by auriferous quartz. If this theory

be accepted this deposit is another of the rare cases of metasomatic gold

deposits. We consider there is much in favour of this view. It explains

quite naturally the variable character of the ore by reason of the variable

character of the original rock, as well as the great width of the deposit.

The orrauwacke appears to be the rock which has suffered replacement to

the greatest extent, this rock generally overlying the quartzite which forms

the base of Mount Morgan. That in any case it is a deposit closely allied

to the old gold group is evidenced by the purity of its gold, comparative

purity being characteristic of the lodes of that group.
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The economic importance of this occurrence may be gathered from

the following figures of production for the year 1907 :

^

District.
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Review of the Gold-Silver Production, and its Distribution

among the different classes of deposit

LITERATURE

A. SoETBEER. ' Edelmetallproduktion und Wertvcrhaltnis zwischen Gold und Silber,'

Petermanns ]\Iitteilung, Sui^plementary Part 57, Supplementary Vol. XIII., 1879.

—

B. Neumann. Die Metalle u.s.w. nebst Produktions- und Preisstatistik, Halle, 1904.

The first-mentioned work gives figures up to 1875 ; the second from 1876-1900. Further,
' The IMineral Industry,' ' INIineral Resources of the United States,' Zeit f. prakt. GeoL,

Fortschr. d. prakt. GeoL, etc. {ante, pp. 207, 208). For olden times and for the semi-

civihzed countries the figures are onlj" approximate.

World's Total Gold Production

(In Tons)



THE GOLD-SILVER PRODUCTION OF THE WORLD 645

The relation between the production of gold and that of silver in

different periods has been as follows :

From 1500-1875
., 1876-1900
„ 1901-1908

1 of gold to 19-1 of silver.

1 „ 17-6

1 „ 10-0 „

The relation between the value of equal weights of gold and silver at

different periods has been :

1493-1600
1601-1700
1701-1800
1801-1850
1851-1875
1876-1880
1881-1885
1886-1890
1891-1895
1896-1900

1901
1905
1908

11-80

UIO
14-98

15-68

15-52

17-88

18-64

21-16
27-05

33-29
34-68
33-87
38-67

The average yearly production of gold in different periods has been

1493-1600
1601-1700
1701-1800
1801-1820
1821-1840
1841-1850
1851-1860
1861-1870
1871-1880
1881-1890
1891-1900

1901
1903
1905
1908
1910

7,100 kc

9,100
19,000
14,800

17,750
54,760

201,790
188,160
169,880
154,450
319,170
392,705
493,083
568,232
667,071
701,019

With the discovery of gravel gold in California in 1848, and in Australia

in 1849, the world's yearly production suddenly increased to ten times its

previous amount, that is, from 20,000 to 200,000 kg. These gravels becom-

ing in greatest part exhausted before many decades had passed, a drop in

the production followed, this continuing till m the 'eighties a minimum
was reached. Then, as in the United States and Australia gold-quartz

lodes in number became worked, the production rose again. Such lodes

in North America became developed more particularly after the 'nineties.

Production from the auriferous conglomerates of the Transvaal began in

the middle of the 'eighties after which it quickly reached gigantic pro-

portions ; while the world's production was further increased in the

middle of the 'nineties by the output from the important telluride lodes

of Western Australia, these two latter increments being responsible for

the pronounced upward swing of late years.
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The three most important classes of gold deposit are, the ore-beds as

represented by the Witwatersrand conglomerate, the young gold lodes,

and the old gold lodes, these last being accompanied by important gravel-

deposits.

The Witwatersrand conglomerate has latterly produced about 35 per

cent of the world's total production.

From the young gold lodes, of late years about 45 per cent of the

production of the United States has been derived and approximately 80

per cent of that of Mexico. Lodes belonging to this group have also

yielded by far the greater portion of the gold won in Central America,

Colombia, Peru, Bolivia, and Chili ; a considerable portion of the output

of Japan ; and in addition the entire production of Hauraki in New
Zealand, and of Hungary. The total production of these yomig gold lodes

reaches roughly somewhat more than 100,000 kg. per year ; in 1910 it

was about 110,000 kg. If to this amount be added that of the telluride

lodes of Western Australia then one-quarter of the world's total production

is derived from this group.

Still more important are the old gold lodes with their appurtenant

placers. These yield approximately one-half of the present production

of the United States, and almost the entire production of Canada, the

Russian Empire, Queensland, New South Wales, Victoria, South Australia,

and many other countries. It may be taken therefore that approxi-

mately one-third of the world's production is obtained from the old lodes

and the metasomatic occurrences associated with them. Since it is from

this group that the extensive gravel-deposits were derived, the proportion

of the world's production referable to it was formerly much greater ; at

the beginning of the 'fifties, for instance, it was responsible for about

nine-tenths of the world's production.

A small amount of gold comes from contact-deposits, these being

particularly represented in Mexico ; while a still smaller amount is

obtained from copper- and other deposits.

Altogether therefore, the distribution of the world's present produc-

tion among the different classes of deposit with their associated gravel-

deposits is approximately as follows :

Witwatersrand conglomerate
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Woeld's Total Silver Production from Mines

(In Tons)
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Average Yearly Silver Production at Different Periods
(In Tons)
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with that of Hungary, the largest part of that of Japan, and a portion of

that of Spain, it follows that approximately two-thirds of the total silver

production hitherto, has been derived from Tertiary lodes. Considering

only recent years, then a proportion of something over one-half, say

55 per cent, is obtained. With respect to silver this geological group is

consequently the most important group. Owing to the extremely rich

accumulations of ore found with many of these lodes ^ and the conse-

quently low cost of production, these Tertiary lodes have largely deter-

mined the price of silver. They were in fact responsible for the drop in

price which occurred a few decades ago, except in so far as that drop was

referable to the introduction of gold coinage in some countries.

The old silver- or silver-lead lodes, such for instance as those of the

Brzgebirge, Pribram, the Harz, Kongsberg, etc., when compared with the

Tertiary lodes, are seen to be of less importance. The richest of this old

group are those recently discovered at Temiskaming in Canada. Including

these, the old lodes are responsible for some 15 per cent of the world's silver

production to date, a percentage which of late years has somewhat increased.

An important part of the total silver production, some 10 per cent,

comes from the metasomatic deposits, which carry lead-zinc ores chiefly.

The contact-deposits yield only about 5 per cent. Among copper lodes

also, are some which are quite rich in silver, such for instance as those

at Butte, Montana, wdiere latterly about 250 tons of silver have been

produced yearly. The production of silver from such lodes may reach

some 7-5 per cent of the total production. The silver content of the

Mansfeld copper-shale, the yearly silver output from which amounts to

about 100 tons or not quite 2 per cent of the world's production, is well

known. Altogether therefore, approximately one-tenth of the total pro-

duction is obtained as a by-product in copper smelting.

Finally, the bed-like pyrite occurrences such as the Rammelsberg

deposit, the intrusive pyrite deposits, and others, yield some silver.

The average proportions of the world's silver production for which of

late years these different classes of deposit have respectively been respon-

sible, are therefore approximately as follows :

Young silver-gold group
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As with most lodes so also with these, an association between the lode

material and eruptive rocks or tectonic disturbances can in many cases be

traced, in that the deposits have to all appearances been formed by mineral

solutions which themselves were consequent upon the intrusion of old

eruptive rocks. Concerning the distribution and importance of this group,

it may be said that by far the greater number of all lodes belong to it.

With regard to form, both simple and composite lodes—the latter in the

sense of Cotta—may be distinguished, the former being narrow while the

latter generally are wide, the width in extreme cases exceeding 100 metres.

The most important natural concentrations of lead-silver-zinc ore are

generally found in such composite lodes. In their extent along the

strike these lodes vary greatly ; there are, on the one hand, small fissures

of but a few decimetres in length, and, on the other, lodes which continue

for several kilometres.

Although, as with all lodes, the mineralization is generally irregular, in

this regard the simple lodes difEer from the composite, in that these latter,

besides being dependent upon the composition of the solution and the

possible influence of the country-rock, are, in the distribution of their

contained ore, also dependent upon the inclusion of large fragments of

country-rock. Since \\itli such inclusions the alternation of rock and

ore is subject to no regular law, it follows that in opening up such

lodes chance is a greater factor than with the simple lodes. It is

often the case therefore, that in mines which exploit composite lodes

considerable development work must of necessity be undertaken in

barren rock, in order to expose new ore-bodies, or ore-shoots as they are

sometimes termed. This primary irregularity in distribution upon the

lode plane has sometimes been so pronounced as to have discredited

entire districts.

The continuation in depth is likewise very variable, the only per-

missible statement being the well-known tenet, that those lodes which have

considerable extent along the strike usually also exhibit considerable

«50
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persistence in depth. On the surface the lodes, according to the nature of

their filling, are more or less well defined ; where much quartz is present

they may form ledges or reefs which subsequently break, scattering

fragments to mark their course ; more often however the lode-filling con-

sists chiefly of slaty material in which the ore is either disseminated or

confined to veins. In such a case the lode does not differ materially from

the country-rock in hardness and its course may often only be distinguish-

able by a dull reddish-brown colour, while when the surface rubble is thick

even this may not be noticeable.

The ores of these lodes are chiefly galena, sphalerite, and pyrite,

while the remaining sulphides, and especially the sulpho-salts, though they

may often be present, are generally of less importance. The gangue some-

times consists chiefly of quartz, and sometimes of carbonates, barite, etc.

Siderite in some districts occurs frequently, sometimes to the extent that

it becomes an important saleable constituent, though in most cases it

remains but a troublesome factor in concentration and not to be

considered as other than gangue. The intimate growth of siderite with

sphalerite is particularly unfavourable since these two cannot be separ-

ated by gravity concentration, and magnetic separation is necessitated.

With these lodes the enclosed fragments of country-rock play a

remarkably important part. From the nature of the composite lode it

follows that the greater portion of the width is often taken up by rock

which has become more or less characteristically altered by the same

mineral solutions which subsequently filled the interstices partly with

ore. Lindgren, on such processes of alteration, formulated a classification

of lodes which is scientifically of great interest. With sandstone or

grauwacke this alteration generally consists in the further introduction

and crystallization of silica. With slaty rocks the changes are more

complex ; the fragments of slaty material, often quite large, may
become so altered by the mineral solutions and by pressure as to

retain hardly any resemblance to their original condition.

The form taken by simple fissures is also greatly dependent upon the

nature of the country-rock ; while for instance in sandstone and grauwacke

the fissures are regular and simple, in slate on the other hand they are nuich

split up. In this latter circumstance a veined zone arises, often causing

a bulge in the ^^ddth of the lode. By mountain movement and mineral

solution slate fragments may become so changed that they finally

consist of innumerable pressure lenses traversed in all directions by veins

filled with ore or gangue. In this extreme stage of alteration they represent

what is known as lode-slate ;
^ such material is illustrated in Fig. 114.

The mineral-intergrowth is more various in the group of lodes now

1 Gangtonschiejer. See Prefaces to Vols. I. and II.
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under consideration than in any other. Sometimes, without apparent

reason, the most complete examples of ordinary and concentric crustified

structure are found, as in the Oberharz ; sometimes the structure is pre-

ponderatingly irregularly coarse, as in the lodes of the Berg Uplands
;

while finally, there are many cases where the different constituents of

the lode-filling are so intimately intergrowai that they can hardly be distin-

guished by the naked eye. As was particularly mentioned when describing

the various forms, structure has a material influence upon the cost of

concentration. With the lead-zinc lodes this is so much the case that in

neighbourhoods where clean lead- or clean zinc deposits are worked with

profit, other lodes with intimate intergrowth of the two ores may often

be unpayable. When discussing structure it was also indicated that beside

the primary intergrowth, secondary or pseudo-intergro^\'th might arise,

as for instance when a subsequent re-opening of the lode fissure allowed

younger heavy-metal solutions to enter. As previously explained, con-

centric or cocade ore—illustrated in Fig. 126 and particularly characteristic

of lead-zinc deposits—arises when layers of different ores have been de-

posited around a centre, which may be represented by a rock fragment.

In such a structure each layer farther from the centre is younger than

one inside and nearer to the centre. A singular case of such concentric

ore arises when layers of siderite alternating with others of quartz have

been metasomatically replaced by galena or sphalerite, the quartz remain-

ing unaltered. In many cases it may be determined whether primary oi

secondary concentric ore is present, by observing whether the crystal faces

occurring on the outline of a sulphide layer are those of the sulphide

present or those of a mineral which has been replaced.

From the foregoing it is seen that with these lodes the difierent age

of the separate portions of the lode-filling can play an important part

in their structure. Occasionally several stages of lode-filling may be dis-

tinguished which in relation to age may be widely separate.

In the investigation of these lead-silver-zinc lodes the primary and

secondary depth-zones are of great importance. Experiences in primary

ore are far from numerous, yet mining at Freiberg, the Oberharz, and in the

Berg district, indicates that there are certain regularities.^ For instance, in

those few cases where the lodes contain a little tin this is concentrated

in the uppermost levels, while the tin-free lead- and zinc sulphides occur

below\ Such lodes may be said to have a tin gossan. With lead and zinc

it has often been remarked that lead represents a shallower primary zone

than zinc. In such cases galena is found in greatest quantity near the sur-

face, following which comes a zone of galena and sphalerite which continues

^ P. Krusch, ' Eine neue Systematik primarer Teufenunterschiede,' Zeit. f.
prakt. Geol.,

1911, p. 129.
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into depth, the latter mineral predominating more and more till finally the

galena is practically excluded. Such mines in their early days were lead

mines, then lead and zinc mines, and finally zinc mines exclusively. This

sequence in mineralization should be apparent in the figures of production

over a series of years ; not however when the figures of the district as a

whole are reviewed, but when each mine is considered separately, and when

care is taken that in the case of irregular mining or of the exploitation

of different deposits by one management, only those portions of the total

output are considered which belong to one particular deposit and to

known depths.

The siderite zone in lead-zinc mines is particularly interesting. In

some cases this mineral is found below the zinc, in what may justifiably be

regarded as a third primary zone or, when the upper zone of tin is reckoned,

a fourth. It has however been pointed out by Dr. Schulz ^ that with the

lodes of the Berg district siderite also occurs in the upper levels, though its

presence there has been obscured by the preponderance of galena and

sphalerite, compared with which the siderite is unimportant and of little

saleable account. Even however should the amount of siderite not increase

in depth, it is nevertheless the case that below the zinc zone may follow

a zone distinguishable from those above by containing siderite only.

The nature of the country-rock is also often of material influence upon

the primary depth-zones. When describing the form of lodes the difference

in sandstone and grauwacke on the one hand, and in slate on the other, was

remarked. Such difference in form could not have been without influence

upon the circulation of the heavy-metal solutions ; while, for instance, in

the open fissure of the grauwacke these moved unhindered and new metal-

liferous materia] presented itself continually, movement in the shattered

zone of the slate was more or less impeded. It is indeed remarkably often

the case that in sandstone and grauwacke the mineralization is pronounced,

while in slate an impoverishment is experienced. Of this, for example,

Denckmann was able to produce evidence in the Ramsbeck district. Such a

difference has usually nothing to do with the geological age of the beds but

rests solely upon mechanical factors. From such observations care must

therefore be taken not to draw conclusions too far-reaching. If for instance

one bedded complex consist chiefly of grauwacke, and another, younger

or older, chiefly of slate, many an observer might be inclined straight away
to hold the difference in age responsible for any difference in mineralization,

without reflecting that age need have played no part, but that petro-

graphical character alone might have produced the effect. In very rare

cases moreover the opposite experience is met, the ore being found

chiefly in slate and to a less extent in other rocks. The necessity to

1 Gluckauf, 1910.
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enter cautiously upon generalizations and to treat every district individu-

ally is therefore apparent. When forming conclusions relative to the

mineralization in depth or along the continuation of the strike, these

primary depth-zones are very important.

The secondary depth-zones Avith the lead-silver-zinc lodes, though

these were discussed when describing the particular ores,^ demand here

some further description. Galena and sphalerite in the oxidation zone

become altered to the well-known and corresponding oxides. In the

cementation zone, however, there is no enrichment either of lead or

zinc, presumably because these two sulphides are already richer in metal

than any other combination met in nature. The cementation zone is

distinguished from the primary zone rather by the amount of precious

metal present as native metal upon the fractures and surfaces of the

sulphides, such precious metal being usually but sparingly distributed

in the primary zone. The depth-zones therefore in so far as they relate

to the lead- and zinc ores themselves, are immaterial, and only merit

consideration in connection with the silver content.

The fact that with these lodes the three metals, lead, silver, and zinc,

are often most closely associated, has a great influence upon the market
in these metals. Should, for instance, silver be in greater demand,

greater production to meet this demand is only possible when lead and

zinc are also produced. Similar circumstances likewise attend the pro-

duction of the other two metals. While therefore mth the more isolated

metals such as platinum, gold, tin, and copper, an effective regulation of

production is possible, in respect of lead, zinc, and silver, the miner and

metallurgist are to some extent helpless.

The silver content in the primary ore varies greatly, though in general

it may be said that it maintains an attachment to lead rather than to zinc.

While galena containing 500 grm. of silver per ton is quite common,
sphalerite usually contains less than 50 grm., though up to these limits all

possible variations are found. As the silver is an admixed constituent

the ores richest in this metal are mostly, though not always, close-

grained or compact, while those which contain little or no silver are often

coarsely crystalline. This difference is more noticeable with galena than

with sphalerite, doubtless because the former is more argentiferous than

the latter. In applying this rule care must be taken to be certain that the

ore is primary, since in the cementation zone the coarsely-crystalline

galena is just as argentiferous as the finely-crystalline, seeing that such

galena when it precipitated the silver was already crystalhzed. The silver

content of the cementation ore is extremely variable : it may indeed be

represented by all possible amounts up to many kilogrammes per ton.

^ A7ite, pp. 86-88.
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While under the microscope no native silver is usually to be observed in

primary galena or sphalerite, with the richly argentiferous cementation

ore on the other hand, it is usually seen as a fine coating or film upon the

numerous cleavage-planes of both the galena and the sphalerite.

According to the predominant gangue, ore, or ores, the old lead-silver-

zinc lodes, like the young gold-silver-lead lodes, may be divided into

several subdivisions, thus :

1. Calcite - silver lodes, with calcite predominating but also with

quartz, barite, fluorite, etc., and silver minerals. With these lodes galena

and sphalerite are either absent or are but sparingly present.

2. Carbonate lead lodes, with calcite or dolomite, and occasionally

rhodochrosite, quartz, etc. In these galena and sphalerite occur more
particularly, silver minerals being less common.

3. Barite-lead-silver lodes, with barite, quartz, calcite, fluorite, and
galena and sphalerite, often also with a small amount of silver mineral.

4. Quartz - silver lodes, with quartz chiefly, and silver minerals, a

little galena, sphalerite, etc.

5. Sulphide or sulphide quartz-lead lodes, with quartz as most im-

portant gangue, and galena, sphalerite, and different sulphides. With
these lodes silver minerals are either absent or but sparingly present.

6. Siderite lodes, with much siderite and quartz as gangue, and
with galena, sphalerite, etc.

7. Silver-cobalt lodes, with silver minerals, arsenical cobalt and nickel

minerals, galena and sphalerite more seldom. With some of these the

occurrence of native bismuth is characteristic, with others that of uranium.

These lodes therefore form a link Avith those next to be defined.

8. Silver-cobalt-uranium and cobalt-uranium lodes.

Recent investigation has shown that the above grouping cannot

always be applied, as all possible gradations between the different

subdivisions may occur, and the primary depth- zones are sufiiciently

pronoimced that the present surface may coincide with the most varied

primary ore. Similar mineralogical composition does not necessarily

postulate similar age and genesis.

The best examples of the calcite-silver lodes are those at Kongs-
berg and St. Andreasberg. The most important representatives of the

carbonate lead lodes are probably the dolomite-lead lodes at Freiberg

wherein the silver minerals are comparatively speaking strongly repre-

sented ; to this group belong also many of the Clausthal lodes. The
barite-lead-silver lodes and the quartz-silver lodes are also typically

developed at Freiberg. Generally speaking however, these old quartz-

silver lodes are fairly scarce, while among the young Tertiary lodes such
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lodes predominate. It is probable that this relation between these

two groups is one dependent upon primary variations in depth on a

large scale. As was indicated when describing the Tertiary lodes, silver is

chiefly deposited in the neighbourhood of the surface, while in greater depth

galena and sphalerite often predominate. That being so, and it being

also the case that the upper zone of the old lodes has generally been removed

by erosion, it happens to-day that the deposit now being worked represents

that of original great primary depth. Since such depth in this connection

is the province of the sulphides, the probability of discovering old quartz

lodes vnth silver minerals is small.

The sulphide or sulphide quartz-lead lodes are the most common.

With these, quartz is the prevailing gangue, while carbonates, barite,

fiuorite, etc., are either completely absent or but poorly represented.

Beside galena and sphalerite, which occur in varying relation to one another,

much pyrite and arsenopyrite also are found, some chalcopyrite, and

numerous other sulphides. In some cases tetrahedrite, pyrargyrite,

proustite, and other silver minerals occur, these being practically absent

from other lodes. Among the many sub-groups at Freiberg the sulphide

lead lodes are undoubtedly the most important, such being also well

represented in the other Saxon mining districts. It may indeed be said

that the greater number of the lodes of the world belong to the lead-zinc

group, and that among these the sulphide lead lodes constitute the

greatest percentage.

In many of the lodes hitherto described siderite is completely absent,

while in many others it is present in very small amount ; in but few cases

is it so abundantly present that the occurrence may be described as a

siderite lead-zinc deposit. Such deposits are more particularly found in

the Khenish Schiefergebirge. Siderite as gangue is still more rare with

the Tertiary deposits, though cases of its occurrence with these are known,

as for example at Mazarron and Cartagena.

With most of these lodes nickel and cobalt are completely absent,

a fact which becomes evident upon smelting, since in the furnace pro-

ducts both these metals are either absent or only present as traces.

With some of these lodes, on the other hand, cobalt and nickel are more

abundant and the passage is thus prepared to the silver-cobalt lodes. With

these latter a large number of subdivisions might be formulated. Generally

the amount of cobalt is larger than that of nickel, this being also the case

mth the arsenical cobalt-nickel lodes. With some, as \xith. those at

Annaberg in Saxony and Temiskaming in Canada, bismuth is practically

absent ; with others on the other hand, as with those at Schneeberg,

native bismuth and bismuth minerals are so abundant that a separate

silver-cobalt-bismuth or cobalt-bismuth subdivision has been set apart
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for them, this subdivision receiving further mention when describing the

Upper Erzgebirge and the Temiskaming districts.

The old silver-lead-zinc lodes are in general characterized by their

freedom from gold or by their poverty in that precious metal. Though of

little importance, an exceptio]i to this is provided by some lodes belonging

to the old quartz- and sulphide quartz-lead subdivisions, as for instance

the Bergmannstrost lode in Lower Silesia where arsenopyrite and chalco-

pyrite are abundantly present, and the lodes in the district of Svenningdal

in northern Norway which greatly resemble those of the sulphide lead

subdivision of Freiberg. The concentrates from the quartz-silver lodes at

Freiberg contain 0-5 to 8 grm. of gold per ton.

With some of these lodes quicksilver occurs in minimal amomits,

as for instance at Kongsberg, where the native silver is remarkable

for a small quicksilver content. Cinnabar also has been reported as a

mineralogical curiosity in some lodes ; at Clausthal it occurs in minute

amounts together with native quiclcsilver and seleniferous quicksilver.

Lodes wherein the silver minerals are accompanied by quicksilver-tetra-

hedrite occur at some places,^ as for instance at Brixlegg and Schwaz in

the Tyrol, at places in Bosnia, etc. Such occurrences in general, however,

are rare and of little importance, so that it may be said that a sharp

line exists between the lead-silver-zinc lodes and the quicksilver lodes

proper.

With most of the lead-silver-zinc lodes tin is so completely lacking

that its presence may not even be detected in the furnace products from

silver works. Exceptionally, it is found in small amounts at Pribram ^

and in the sulphide quartz-lead lodes at Freiberg.^ The mineral associates

of tin—wolframite and scheelite—are found now and then as mineralogical

rarities in some lodes.* The line between the tin lodes and the lead-

silver-zinc lodes is however not only sharp in relation to the minerals

contained but also in regard to the counfcry-rock.^ This sharp separation

between the two does not however exclude the possibility that both kinds

of lode may occur in the same district. Such is indeed the case not only

in Cornwall but also in the Erzgebirge.^ The tin lodes then are the older,

while the various lead-silver-zinc lodes present, became formed during the

later periods of a long protracted mineralization.

Pyrite is present with all these lodes. With some, such as those at

Kongsberg and St. Andreasberg, pyrrhotite occurs, in part well crystallized.

Specularite has been found as a mineralogical curiosity, while magnetite

appears to be completely absent. The iron minerals are more particularly

well represented in the sulphide lead lodes, though even these usually carry

1 Ante, p. 457. " PoMea, p. 704. 3 Postea, p. 674.
* Ante, p. 423. ^ Ante, p. 423. 6 ^jj^g, pp. 425, 434.
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more lead and zinc than iron. Chalcopyrite, though generally playing

quite a subordinate part, is hardly ever absent ; its occurrence is more

fully discussed when describing the copper lodes.

Concerning the relation of silver to lead, at Kongsberg silver is present

to approximately double the amount of lead ; with most of these silver

lodes however, one part of silver is found to 2-10 joarts of lead.^ From
this high ratio all gradations exist to lead lodes with but little silver.

According to statistics collected over a period of almost fifty years, in the

Freiberg district where the sulphide lead lodes relatively poor in silver

are the most common, the ore produced showed an average of one part of

silver to 105-175 parts of lead. The sulphide lead lodes by themselves

probably carry 250-300 times as much lead as silver, and with these must

be reckoned others still poorer in silver, in which for instance the amount

of lead reaches as much as 1000 times that of the silver. It is worthy of

remark however that the galena is very seldom entirely free from silver,

and that the silver content of the lead lodes is generally much higher than

that of the metasomatic lead deposits.

In these lodes sphalerite and galena always occur together, the latter

being generally more abmidant, though ^ this relation is often reversed

in depth.

With some of these lodes boron silicates occur to a small extent. In

the calcite-silver lodes at Kongsberg, for instance, some axinite is found,

and in those at St. Andreasberg, some datolite. Tourmaline on the other

hand appears to be absent. Occasionally, chlorite, adularia, albite, epidote,

tremolite, and other silicates, occur. Ehodonite and rhodochrosite are

at times abundant, the former more particularly with the silver lodes

proper. Witherite and strontianite are rare, barite is notoriously

common, while the barium zeolite, harmotome, is characteristic of

some lodes. Apatite has been found in some of the old lead-silver-zinc

lodes in minimal amounts and as a great rarity ; with most deposits it is

completely absent. In this feature also the difference between the lead-

silver-zinc lodes on the one side, and the tin lodes on the other, is marked.

The phosphoric acid occm'ring in the pyromorphite and other phosphates

of the oxidation zone, is derived from the country-rock. Compounds of

selenium and tellurium occur occasionally as mineralogical cviriosities.

The old lead-silver-zinc lodes occur more particularly in the older

geological formations ap to and including the Culm. In the Upper Carboni-

ferous they are already less frequent, while in the Triassic, Jurassic, and

Cretaceous, occurrences are isolated. In the Tertiary their place is taken

by the lodes of the young group. The age of the country-rock however

puts but the lower limit to the age of the lodes. As previously explained,^

^ Postea, p. 676. ^ Ante, p. 653. * Ante, p. 67.
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the determination of the age of the lode-filling needs the most careful

investigation. The different subdivisions show themselves in general

to be independent of the petrography of the country-rock. All those

at Freiberg with their varied filling occur in the same gneiss. Further,

the calcite-silver lodes at Kongsberg have for their country-rock mica-

and hornblende-schist, those at St. Andreasberg, Devonian sihca-schist and

grauwacke, while those at Silver Islet have Algonkian schist and gabbro.

The barite-lead lodes occur at Freiberg, in gneiss ; at Sarrabus in Sardinia,

in clay-slate and granite ; and at Bleiberg, in Triassic limestone. The

sulphide quartz-lead lodes at Freiberg and Kuttenberg traverse gneiss
;

at Linares and La Touche, granite ; and at Svenningdal,^ limestone with

narrow intercalated thicknesses of mica-schist.

The lodes are often found in areas of considerable tectonic disturbance,

and the fissures in many cases are fault planes along which considerable

movement has taken place. Most of the mining fields lie in the im-

mediate neighbourhood of eruptive rocks or actually within such rocks.

Dalmer, for instance, has establishedthe local connection of the lode districts

of the Erzgebirge with the granite. Nevertheless, just as with the Tertiary

gold-silver lodes, there is no genetic dependence upon any particular

eruptive. There is rather a general genetic association between eruptivity

and mineralization, the lodes having resulted from metalliferous solutions

which appeared as the consequent phenomena of eruptive activity.

Many lodes have been developed to considerable depth below the present

surface : Pribram for instance to 1100 m., Kongsberg to 900 m., Freiberg

to 700 m., Clausthal to 900 m., and St. Andreasberg to about 820 metres.

If to these depths figures be added to represent the erosion such lodes have

suffered—which on account of their great geological age is considerable

—

it may be reckoned that the lead-zinc lodes are known to a depth of some

4 km. below the surface as it existed at the time of their mineralization.

Considering that the lode-filling in general is independent of the

mineralogical nature of the country-rock, that the lodes are mostly con-

nected with tectonic disturbances, that they occur in the neighbourhood

of eruptive rocks, and that they carry ore assuredly to a depth of at least

4 km. from the original surface, the conclusion is justified that the material

of the silver-lead-zinc lodes was derived from depth. In this matter, as also

in respect to the chemical nature of the solutions, the discussion given

in connection with the Tertiary lodes applies here also. It is particularly

the case with this group of lodes that ore-shoots are found in the neigh-

bourhood of lode intersections. In other cases the ore is more particularly

concentrated where the lode fissure crosses certain rocks, the nature of

the country-rock having obviously exerted an influence upon the filling.

1 J. H. L. Vogt, Zeit. f.
prakt. Geol, 1902, pp. 1-8.

VOL. II L
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The economic importance of these old lead-silver-zinc lodes is dealt

with elsewhere. It is sufficient here to state that of late years they have

yielded some 15 per cent of the world's production of silver,^ some 33 per

cent that of lead, and some 11-14 per cent that of zinc.

The Silver Deposit at Kongsberg, Norway

LITERATURE
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Kongsberg, some 80 km. west of Chxistiania, is situated in an

Archaean area which, as illustrated in Fig. 65, consists chiefly of gneiss

and granite-gneiss, diiferent gabbro rocks and hornblende-schists, several

mica- and chlorite-schists, etc. The rock known formerly as the grey

Kongsberg gneiss is in reality a foliated granite, more particularly a

soda granite ; at several other places, in addition, there is a red foliated

granite rich in microcline. Among the gabbros, ohvine - gabbro with

ophitic structure—ohvine-hyperite—normal gabbro, and norite, are repre-

sented. Other varieties worthy of mention are uralite-gabbro, banded-

gabbro, banded quartz-gabbro and gabbro-schist, and amphibolite and

amphibolite-schist. The mica- and chlorite-schists occur rather sparingly,

while of still less extent are the many small diabase- and diabase-porphyrite

dykes.

The prevailing strike of the crystalline schists is N. 10° W. with a dip

generally 70°-80° to the east. These schists are often remarkable for the

occurrence within them of extremely fine layers of pyrrhotite, pyrite, and

some chalcopyrite, this being particularly the case with the hornblende-,

mica-, and chlorite-schists, but also with, the foliated and highly schistose

granite. This occurrence of pyritic layers in crystalline schists constitutes

the Kongsberg fahlbands. The amount of such sulpliides is low, being

generally only one or two per cent, though in places it may be somewhat

1 Ante, p. 649.
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higher. The distribution and extent of these fahlbands may be seen

from the afore-mentioned Fig. 65 as well as from Fig. 330, the former how-

ever being now somewhat out of date. Sulphides may also occasion-

ally be observed in the relatively but little foliated grey granite, from

which circumstance together with the fact that sulphide veins often cross

the foliation of the granite, Vogt came to the conclusion that the sulphide

layers of the fahlbands are intrusive.^

The Kongsberg lodes are in greater part calcite lodes carrying native

Folidted\^

Foliated

Foliated



662 ORE-DEPOSITS

total output. It is seldom that stretches of any length are encountered

where argentite is preponderatingly present and native silver subordinate,

or even sections where both are present in approximately equal amount.

Pyrargyrite and proustite are great rarities, and occurrences of other silver

minerals such as stephanite are isolated. Sphalerite, galena poor in silver,

chalcopyrite, pyrite, and pyrrhotite, occur in very small amount.

The native silver at Kongsberg is in Vogt's opinion in greater part not

of primary origin but has arisen secondarily from argentite, or exceptionally

from pyrargyrite and proustite. It is often fomid as wires or horns sprout-

ing from argentite, these wires or horns having sometimes small balls of

argentite at the end, as illustrated in Fig. 140. As pointed out by

G. Bischof ^ and other authorities, such a manner of occurrence may only

be explained by secondary processes, as for instance by the action of

oxygen, hydrogen, or water-vapour, etc., upon heated argentite, according

to the formula - SAggS + 2H2O = 6Ag + 2H2S + SO2. In close proximity

to the silver it is not uncommon to find some carbon, the presence of

which is doubtless due to a reduction by carburetted hydrogen, thus,

2AggS + CH4 = 4Ag + 2H2S + C.^ Most of the ^^nre silver, it is true, shows

no trace of argentite ; its twisted, grooved, and tapering form is however

identical with other similar wires where a derivation from argentite can be

definitely established. According to Vogt the two habits are of analogous

formation, the difEerence being that the argentite in one case was partly,

and in the other case completely decomposed, this decomposition taking

place chiefly before, but also during the deposition of the oldest genera-

tion of calcite.

The most important gangue- mineral is calcite, after which come

fluorite and quartz, the former often occurring in beautiful crystals.

Barite, axinite, adularia, albite, chlorite, hornblende-asbestos, and prehnite

are also seen, as well as different zeolites, such as apophyllite, desmine,

stilbite, harmotome, and laumontite. In addition, anthracite— an

analysis of which by Helland showed 95-5 per cent carbon, 1-9 per cent

hydrogen and 2-2 per cent oxygen — often occurs, being regarded as

favourable to the silver content. The calcite frequently occurs in several

generations, fluorite and quartz as a rule only in two generations.

The sequence in age is often as follows : after a first generation of

quartz follow most of the sulphides, including the greater portion of the

argentite ; with these sulpliides the older calcite is approximately con-

temporaneous ; then come fluorite and adularia, albite and barite, and

different carbonates ; and finally the zeolites, the pyrite, and the youngest

1 Poggendorfs Ann. 60, 1843.

2 Ajite, p. 131.

* Hofer, ' Erdolstudien,' Wiener Akad. Verh., 1902.
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calcite generation. The argentite and its alteration to native silver

belong to one of the early phases of formation.

The lodes at Kongsberg are generally of httle width, this dimension

usually varying from the thickness of paper up to 10 cm., and but

seldom reaching more than 33 cm. The strike is mostly west-south-west

or approximately at right angles to that of the crystalline schists ; often

several parallel lodes or veins are bunched together. A few, known
locally as bedded lodes, agree in strike with the schists.

Garnet-biotite schist.

Fig. 331.—Longitudinal section of the richest portion of the Kongens mine,

between 320 and 520 m. in depth. C. Bugge.

The rocks, represented as in Fig. 330, are from foot-wall to hanging-wall : aniphibolite, sericite-schist,

garnet-biotite schist, and fine-grained foliated granite, the last three alternating in certain zones with pyrite
impregnations and amphibolite ; foliated granite in the hanging-wall. The areas indicated as having been
sloped represent the argentiferous portions of the lode plane.

Concerning the distribution of the silver, the experience of more than

a century shows that this is exclusively or almost exclusively confined to

those areas on the lode plane where, as illustrated in Fig. 331, that plane

intercepts the fahlbands, or in the case of the bedded lodes where such

follow the fahlbands. Where the lodes, leaving the fahlbands, continue

into the adjacent rock free from sulphides they become poor or even

barren, silver in fact does not continue to be found beyond 5 m. or at

the most 10 m. from the fahlband zone.

The two principal mining areas are Overberget and Unterberget,

these lying respectively immediately west and east of a north-south zone
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of grey foliated granite 10 km. long and 1-1-5 km. wide.^ In Fig. 65 this

granite is entered as the ' Mddlebergsband.' At Overberget the fahlband

zone attains a mdth of 150-300 m., and at Unterberget 100-200 m., this

width being made up of an alternation of mica-, chlorite-, and hornblende-

schists, with amphibolite and highly foliated gTanite or gneiss-granite.

In this total width, as illustrated in Fig. 330, usually only some of the

bands carry sulphides. The horizontal extension of the silver content

along each separate lode is limited ; in the richest portions of the

Kongens mine it is 80-95 m. at the most ; while in other cases it is

only 20-40 m., or even 10-20 metres. Across one and the same fahlband

the silver content varies considerably. No definite rule concerning its

distribution may be formulated, though, as illustrated in Fig. 331, the

largest amounts of silver occur at the intersection with certain of the

sulphide beds. No fixed relation between the sulphide content of a

fahlband and the silver content in the lode has been established in general,

nor can it be said at Kongsberg that any enrichment occurs at lode

intersections or junctions.

According to Bugge, a rapid alternation in the composition of the

rocks constituting the fahlband zone is favourable to the silver content.

This author calls attention to the fact that the best lodes appear in the

neighbourhood of the narrow diabase- and diabase-porphjrrite dykes which

run approximately parallel to the lodes. The Kongsberg lodes are

younger than the crystalline schists and the above-mentioned dykes.

Bugge has recently shown that these latter are closely associated with the

Devonian eruptives of the Christiania district, which district, as is well

known, is bounded by powerful faults along which in several places ore has

been found. ^ It is therefore possible or even probable that the formation

of the Kongsberg lodes is connected with the downthrow of the Christiania

district. The distance from the most southerly mine at Kongsberg to the

Silurian beds of the Christiania district does not reach 1 kilometre.

The erosion these lodes have suffered since their formation may,

according to Vogt, amount to 3 km. of vertical height. The deepest mine

has reached a depth of 900 metres. On these figures deposition of ore took

place at a depth of some 4 km. below the surface at the time of deposition.

The Kongsberg lodes are normal lodes which, in the occurrence of

calcite, fluorite, pyrrhotite, axinite, and the zeolites, and also in the noble

character of the ore carried, are closely related to those at St. Andreas-

berg in the Oberharz. The silver ore being accompanied particularly by,

and apparently contemporaneous with the calcite, can only have been

1 Vogt's Map, Zeit. f. prakt. Geol., 1902, p. 6.

^ J. H. L. Vogt, ' Uber die Erzgange zu Traaa in Bamlc, Norwegen,' Zeit. f. prakt. Geol.,

1907.
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deposited from aqueous solution wherein to all appearances carbonic acid

was contained. This appearance is strengthened by the fact that silver

carbonate is easily soluble in carbonic acid water.^

The kindly influence of the fahlbands has been observed not only at

Kongsberg but also in the small but analogous occurrence at Hiso near

Arendal ;
^ it is therefore of a general character and cannot be explained

by lateral secretion. The fahlbands, both rock and sulphide, are com-

pletely undecomposed and practically without silver. The sulphides by

themselves—generally only amounting to 1-2 per cent of the entire mass

—

according to Chr. A. Miinster, contain but 0-0003-0-00055 and exceptionally

0-002 per cent of silver ; the content of the fahlbands as a whole would

therefore be about 0-00025 per cent of silver. The enrichment at the

fahlbands is therefore probably due to precipitation brought about by

these themselves, from solutions circulating in the fissures. Some
authorities ^ advocated the view that the fahlbands, on account of the

sulphides they contain, conduct electricity better than the surround-

ing rocks, and that the precipitation of the silver may consequently have

been brought about by terrestrial electric currents. This view however

does not explain the fact that the silver is primarily deposited as sulphide.

Vogt in 1899 endeavoured to explain the influence of the fahlbands in

that carbonic acid solutions circulating in the fissures, attacked the

country-rock, causing at the fahlbands the generation of a small amount

of sulphuretted hydrogen from the sulphides there present, this gas then

bringing about the precipitation of the silver. From a dilute solution

containing silver, lead, copper, iron, zinc, etc., silver sulphide would be

the first to be precipitated by a small amount of sulphuretted hydrogen.

The silver lodes at Kongsberg are distributed over an area some 30 km.

long and 5-10 km. wide, though at places the 'width may be as much as

15 km. The number of the lodes is very large ; most however have

but the thickness of a sheet of paper. Since 1622, when silver was

discovered, some 150 mines have at different times been worked. Among
these the Kongens mine at Overberget had in 1911 reached a depth of

900 m. ; two other mines, Gottes-Gabe and Gottes-Hilfe-in-der-Not, a

depth of 700-730 m. ; and some ten others, depths between 300-700 metres.

Altogether at Kongsberg, where most of the mines belong to the State

and where work has practically continued mibroken since 1624, 561,177 kg.

of silver were won from that date to 1815, and 421,399 kg. from 1816

to the commencement of 1909, these totals making together roughly

982,000 kg. with a value of 7-5 million sterling. The net profit received

by the State from 1830 to 1890 amounted to 1-1 million sterling.

1 Ante, p. 136. 2 j jj. L. Vogt, Geol. For. Fork. VIII., 1886.
3 Durocher in 1849, Vogt in ISSej'Chr. Miinster in 1894.
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The richest ore-body in the district; illustrated in Fig. 331, occurs

in the Kongens inine. From this, during the period 1830-1890 and

between depths of 230 m. and 600 m. from the surface,, 274,313 kg. of

silver were produced from an area of about 29,802 sq. m. on the lode plane,

or an average of 9-10 kg. of silver per square metre. The richest

portion actually yielded 23,000 kg. of silver from 1200 sq. m. on the

lode plane, or roughly 20 kg. per square metre. In depth this rich ore-

shoot diminished in size, eventually pinching out at 750-800 metres.

Latterly, a new and very rich ore-shoot has been developed in the Samuel

mine at Unterberget. At present four mines are being worked at Over-

berget and one at Unterberget, these having together an annual out-

put of about 8000 kg. of silver, and emplo}dng about 300 men. Since

the heavy drop in the price of isUver in 1892-1893 the production has

practically only covered the cost, the losses of some years being made
good by the small profits of others. Approximately three-quarters of the

production is won from ore containing roughly 70 per cent of silver, such

ore going direct to the smelter. The remainder is at present won b}' the

cyanidation of poor concentrate.

The Occurrence of Silver at Temiskaming, Canada

LITERATURE

WiLLET. G. Miller. ' The Cobalt-Nickel Arsenides and Silver Deposits of Temiskam-
ing,' Report, Bureau of Mines of Ontario, Toronto, 1905, II. ; 1907, II.—Visit to Cobalt
and Sudbury of the British Association for the Advancement of Science, August 1909

;

Toronto, 1909.—W. Campbell and C. W. Knight. The Paragenesis of the Cobalt -Nickel

Arsenides and Silver Deposits of Temiskaming, 1907.

In this district, lodes carrying silver associated particularly with cobalt

were discovered in 1903 during the construction of the Temiskaming and

Northern Ontario railroad. These occur on the northern shore of Temis-

kaming Lake, at the boundary of Ontario and Quebec, about 150 km.

north-east of Sudbury. ^ The old rocks of this district form the follo^^ing

sequence : as oldest, the Keewatin beds consisting of diabase, granite-

porphyry, granite, etc. ; then at least 500 feet of almost horizontal

conglomerates, breccias, grauwackes, and slates of the Lower Huronian
;

next the Middle Huronian with its conglomerates, quartzites, etc. ; and

finally, the thick diabase flows and intrusions of the Upper Huronian.

The lodes are steep in dip and considerable in number. They occur

chiefly in the conglomerates and grauwackes of the Lower Huronian,

but few being found either in the Keewatin beds beneath, or in the

Upper Huronian diabase above. By the year 1909 an area of about

1 Ante, p. 289.
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20 sq. km. situated or centred around the new town of Cobalt had

become recognized as metalHferous. The lodes on an average are but

10-16 cm. wide, the extreme variation being from the thickness of a knife

blade to somewhat more than half a metre. The filling consists of rich

solid ore with a little calcite and quartz as gangue.

The most important ore-minerals are native silver, ^^^.th some native

bismuth and graphite ; the arsenides, smaltite, cobaltite, chloanthite,

domeykite, CugAs, and to a less extent niccolite ; while the antimonide

dyscrasite, AggSb, also is common. The sulpho-salts pyrargyrite, prous-

tite, and tetrahedrite are subordinate, as also are the sulphides argentite,

millerite, galena, pyrite, sphalerite, and bornite ; the arsenates erythrite

and annabergite, on the other hand, near the outcrop occur quite plentifully.

Analyses of two parcels of hand-sorted ore, No. I. of 354 tons and No. II.

of 537 tons, are as follows :

I. II.

Silver . . . 4-80 per cent. 4-16 per cent.

Cobalt . . . 8-26 „ 6-89

Nickel . . . 4-74 „ 3-09

Arsenic . . . 34-61 „ 30-91

These lodes are accordingly distinguished by the combination of

silver, cobalt, nickel, and arsenic, the cobalt far exceeding the nickel in

amount. In addition, some antimony and bismuth are found. Sulphur is

present to a less extent than arsenic.

Operations so far have been confined to the neighbourhood of the

surface, w^here native silver is the principal ore and where, in addition,

dyscrasite, pyrargyrite, proustite, argentite, etc., are common. Native

silver often occurs in large plates or slabs, the heaviest so far discovered

weighing 744 kg., of which some 90 per cent was silver. It is probable

that the native silver at Temiskaming has been formed by secondary

processes.

Campbell and Knight, as the result of microscopic investigation of

the fine-grained and compact ore, established the following sequence in

age, beginning from the oldest

:

1. Cobaltite and chloanthite.

2. Niccolite.

3. Calcite.

4. Argentite.

5. Native silver.

6. Decomposition products, such as erythrite, annabergite, etc.

Although the pre-Glacial weathered zone was in greater part removed

during the Glacial period, the lode-outcrops may still be recognized by a
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considerable amount of bright-coloured cobalt- and nickel arsenates, and

by asbolane. In consequence of the afore-mentioned removal by ice and

the small amount of sulphides present in the ore, the oxidation zone as

found to-day is but a few feet deep.

Concerning the behaviour of these lodes in depth, o\\ing to the

short life of the industry but few observations have been possible. No
experience is available to show how these lodes, most of which occur in

the relatively thin Lower Huronian, will comport themselves in the diabase

of the Keewatin below. From the relative ages of the various minerals

present and judging from the description of the deposits, it appears highly

probable that at present a very rich cementation zone is being worked, and

that only ^^dth the greatest caution may any conclusions respecting the

silver content in depth be hazarded. According to Miller, a genetic connec-

tion between the lodes and the late Huronian diabase eruptions exists,

in so far that the mineral solutions rising from depth and having the

basic magma reservoirs as their ultimate source, are presumably the last

echoes of that eruptive activity.

The economic significance of the Temiskaming or Cobalt district may
be gathered from the following figures :



THE LEAD-SILVEE-ZINC LODES 669

known belonging to the old group of lodes. The cobalt won as a by-

product nearly satisfies in itself the world's consumption. Its entr}' into

the market caused such a considerable drop in the price that the cobalt-

blue market was almost completely ruined. The arsenic recovered had

a similar effect upon its market.

Silver Islet on the Canadian Shore of Lake Superior

LITERATURE

E. D. Ingall. Ann. Rep. Geol. Survey. Canada, 1887.

—

Kemp's Ore-Deposits.

The lodes of Silver Islet and neighbourhood, some 800 km. to the

west of Temiskaming and near Port Arthur, are essentially calcite-silver

lodes \\dth native silver as principle ore and with subordinate cobalt-arsenic

minerals. Less frequent are argentite, some sulpho- minerals, native

bismuth, domeykite, etc., while nickel minerals are extremely rare. The

abundance of graphite in the lodes is remarkable.

The quantity of silver in these deposits is not to be compared with

that at Temiskaming. The Silver Islet mine, begun in 1868 and

stopped in the 'eighties, produced silver to the value of about 3-25 million

dollars, corresponding to about 100 tons. Including the production of

some smaller mines in the neighbourhood, the total value of the silver

production is $4,770,000.

The lodes at Silver Islet cross the Animilde stage of the Algonkian

slate, in which a wide gabbro- or norite dyke occurs. To the depth of

375 m. reached it was the experience that these lodes carried ore only

where they crossed the gabbro. In this there appears to be some analogy

to the occurrence at Kongsberg ; at both places also the principal ore is

native silver, while there is further similarity in the common occurrence of

carbon, represented at Silver Islet by graphite and at Kongsberg by

anthracite. At the latter place however the cobalt minerals are absent.

The metal-association at Temiskaming on the other hand, consisting

as it does of silver, cobalt, arsenic, some nickel and bismuth, most resembles

that at Annaberg in Saxony, that at Joachimsthal in Bohemia, or that at

Chalanches in the Dauphine. There exists in addition a certain similarity

between Temiskaming and Schneeberg, though at tliis latter place there is

relatively more bismuth and less silver. Silver Islet forms therefore an

intermediate stage between Kongsberg on the one hand and Annaberg-

Joachimsthal on the other.
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THE LODES OF THE ERZGEBIRGE

The Fkeiberg District

LITERATURE

J. F. W. V. Charpentiee. Mineral. Geographic der chursachsischen Lande, 1778.

—

H. MtJLLER. ' Die Erzlagerstiitten nordlich und nordwestlich von Freiberg,' Cotta's

Gangstudien, I. p. 101, 1847.—W. Vogelgesang. ' Die Erzlagerstatten siidlich und siid-

ostUch von Freiberg,' Cotta's Gangstudien, II. p. 19, 1848.—H. Mtjller and B. R. Foester.
Gangstudien aus dem Freiberger Revier. Freiberg, 1869.—H. Muller. Die Freiberger

Erzlagerstatten in Freibergs Berg- und Hiittenwesen, II. Edit., 1893, p. 32; Die Erzgange

des Freiberger Bergreviers. Monograph of the Geological Survey of Saxony, Leipzig, 1901.

—C. Gabert. ' Die geologischen Verhaltnisse des Erzgebirges ' in ' Das Erzgebirge ' by
Prof. Dr. Zemmrich und Dr. C. Gabert, LandschaftsbUder aus dem Konigreich Sachsen,

Vol. IL, 1911.

The Freiberg district, as indicated in Figs. 332 and 333, is a large one,

including not only the immediate surroundings of Freiberg and Brand,

but also the occurrences at Oederan, Braunsdorf, Bieberstein-Nossen

Oberreinsberg, Dittmannsdorf, etc. Tectonically it represents a dome

consisting of the two principal divisions of the Erzgebirge gneiss, these

being the older or grey gneiss, which is a biotite-gneiss, and the younger

or red gneiss, a muscovite-gneiss.

The deepest horizons of the grey gneiss consist of the Freiberg biotite-

gneiss, a coarse-scaled and markedly jointed rock, which occupies the

outlying surroundings of Freiberg and extends over Dippoldiswalde and

Glashiitte to Nollendorf and Graupen. It is an eruptive gneiss Avhich

merges into a rock of perfect granitic structure with foreign inclusions.

Towards its upper horizons this old gneiss becomes fine-scaled, while in its

uppermost section the occurrence of bedded dykes of typical augengneiss

is noteworthy.

The younger or red gneiss in its main occurrence is also dome-shaped,

though in addition it forms persistent bed-like or flat lenticular masses

which are found both in the deepest horizons exposed around Freiberg, as

well as in the mica-schist formation, which is materially younger. It is

regarded as a laccolith or bed-like intrusion of eruptive character.

In the upper portions of the Erzgebirge gneiss formation numerous

bed-like intercalations of such sediments as limestone, grauwacke, con-

glomerate, quartzite, mica -schist, phyllite-like rock, and garnet -mica

rock, occur between the eruptive members. These intercalations are to

be regarded as detached patches of the slate formation which formerly,

as indicated in Fig. 334, completely covered the gneiss.

Against this dome of eruptive gneiss lie sedimentary rocks. These

in the neighbourhood of the granite are highly altered to mica-schist and

garnet-mica rock, into which gneissic material, represented by gneiss and
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gneissic mica-schist, was injected. Such rocks constitute the inner contact

Fig. 332.—MajD of the Freiberg lode district, neighbourhood of Freiberg.

zone. Resting on this inner zone comes the outer contact zone of quartz-
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and albite-phyllites, these towards the hanging-wall merging into micaceous

Quartz-silver ^iij iihiie Bante
*j lodes lead-copper iead-si/ver

lodes lodei

Iron manganeie Silver-lead and Lamprophyre

lodes Dclamitelsad lodes

Fig. 333.—Map of the Freiberg lode district, neighbourliood of Brand.

phyllite. Finally, come the unaltered rocks, which are but sHghtly meta-
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morphosed in their bottom layers. These last, according to fossil evidence,

belong to the Cambrian.

The Freiberg lodes represent fissure-fiUings, most of which dip steeply,

and along which the country-rock is more or less highly altered. It was
from this district that the scientific investigation of ore-deposits first pro-

ceeded. Here Werner formulated his lode theories, and here also the exist-

ence of lode-groups in individual districts was first recognized, these groups

being based upon difference in geological age, strike, and filling. Such local

classification as this, though doubtless apt in the case of Freiberg, has

unfortunately become too generahzed. Though groups based on age might

be formulated for some districts, in other districts variations in strike or

filling are no conclusive evidence of difference in age.

Fig. 334.—Diagrammatic section through a gneiss dome (granite-gneiss laccolith).

I, Central portion of the dome laid bare by denudation, and free from patches of the slate formation.
II, Mantle containing highly contact-metamorphosed patches of slate conformably embedded in the gneiss.
III, IV, and V, Tilted schists and slates resting upon the gneiss dome, with many intercalations. Ill, The
inner contact-aureole of mica-schist and garnet-mica rock with injected gneissic material. The secondary
injection into this aureole of the later or red gneiss, as well as the intrusion of this latter into the gneiss
dome itself, are not indicated. IV, Outer contact-aureole or zone of quartz and albite-phyllites and, further
in the hanging-wall, micaceous phyllites. V, Unaltered slates, slightly metamorphosed only in the foot-wall,
with Cambrian fossil-remains in places.

In the Freiberg district more than 1100 lodes are known, the silver

content of which has made the district famous. According to their strike

these are locally divided into :

High Lodes, N.-N.E. {Stehende Gdnge).
Early „ N.E.-E. (Morgengdnge).
Late „ E.-S.E. (Spdtgdnge).

Low „ S.E.-S. {Flache Gdnge).

Tavo systems of lode-groups are known, an older and a younger,

these being distinct both in relation to filling as well as to the time of

formation. For instance, in the lodes of the younger system arsenopyrite,

chlorite, molybdenite, tin ores or stanniferous black sphalerite, have
never been observed. These systems and their groups are as follows :

(I.) The older system

—

1. The quartz-silver lodes. Ore : argentite, pyrargyrite, proustite,

native silver, argentiferous pyrite, and arsenopyrite. Gangue : quartz

and hornstone particularly.

2. Sulphide lead-copper lodes. Ore : pyrite and marcasite, galena,

sphalerite, arsenopyrite, and chalcopyrite. Gangue : quartz.
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3. Silver- or dolomite - lead lodes. Ore : argentiferous galena,

sphalerite, pyrargyrite, proustite, native silver, pyrite, tetrahedrite,

and argentite. Gangue : quartz, dolomite, and rhodochrosite.

4. Copper lodes. Ore : pyrite, chalcopyrite, chalcocite, and bornite.

Gangue : quartz.

To this older system the tin lodes, described previously,^ belong

;

these in the Freiberg district are but few in number and \^ithout

economic importance.

(II.) The younger system

—

1. The barite- lead -silver lodes. Ore : galena, chalcopyrite, pyrite,

marcasite, sphalerite, wurzite, and a little bournonite. Gangue : barite,

fluorite, quartz, and hornstone.

2. Iron-manganese lodes. Ore : either haematite and specularite,

or hmonite, yellow iron ore and psilomelane. Gangue : quartz in the

former case ; barite and clay in the latter.

Concerning strike, there are broadly speaking two main directions
;

namely, a north-north-easterly, maintained by the majority of the sulphide

lead- and quartz-silver lodes ; and a west-north-westerly, maintained by

most of the barite-lead lodes. The silver-lead lodes strike iudiiierently

in both these two directions.

It would appear that the silver was associated rather with the grey

gneiss than with any other feature, and that the lodes become poorer or

impoverished upon entering the red gneiss or mica-schist.

The quartz-silver lodes are found \vithin an area about 22 km. long, ex-

tending from Oederan to Nossen. In width they vary from 0-1 m. to 1 m.

;

in strike some of them, as for instance the Neue-Hoffnung-Gottes and

Alte-Hofinung-Gottes lodes, may be followed for several kilometres ; while

in depth some have been proved for 460 metres.

The sulphide zinc-lead-copper lodes occur more particularly at Hals-

briicke, Berthelsdorf, Brand, and Erbesdorf, in the neighbourhood of

Freiberg. To this class belong the Hohe Birke-Stehende, 4 km. long and

developed to a depth of 400 m. ; and the Kotegrube-Stehende, worked in

the Himmelfahrt mine to a depth of 400 m. and followed for a length of

5 km. The galena of these lodes often assays 70-80 per cent of lead

with 0'2-0-3 per cent of silver, or 2000-3000 grm. per ton. Chalcopyrite

is usually very poorly represented in the zinc-lead lodes. The black

sphalerite which is particularly characteristic of these lodes carries, accord-

ing to Stelzner and Schertel, microscopic inclusions of cassiterite crystals
;

cassiterite and wolframite have on the rarest occasions even been observed

without the aid of the microscope.

1 Ante, p. 425.
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The silver- or dolomite-lead lodes are found more especially around

Brand and Erbesdorf ; they are generally 600-1000 m. long and have been

developed to a maximum depth of 600 metres. The galena of these lodes

contains 75-85 per cent of lead, and 0-4-0-6 or more seldom 2 per cent of

silver, that is, 4-20 kg. of silver per ton. The pitchblende content of these

lodes is noteworthy, though further description of this is deferred.^ In

1885 the mineral argyrodite was discovered as a rarity in these lodes. It

was in this mineral that CI. Winkler in 1886 discovered the element

germanium.

The barite-lead group is represented by about 200 lodes, these occurring

in the gneiss and mica-scliist around Grosschirma, Halsbriicke, Falkenberg,

Hilbersdorf, and Oederan. These lodes vary in width from 0-45 m. to 4

metres. The lengthmay be very considerable, that known as the Halsbriicker-

8pat having a length of 8 km. with 400 m. of proved depth. In this group

two subdivisions are differentiated, typical barite-lead lodes with chalco-

pyrite and pyrite ; and silver-cobalt lodes, distinguished by the occurrence

of silver minerals, though such occurrence is but limited. With these

lodes seleniferous and vanadiferous pitchblende ores are foimd, while the

presence of marcasite containing 0-5-0-75 per cent of thallium is also

worthy of mention.

The iron group has never been of much importance. It is repre-

sented for instance by some lodes in the red gneiss at Niederseifenbach in

the upper Floha valley, and by one in granite-porphyry at Holzhau.

The silver- and the lead lodes at Freiberg, with gangue consisting of

barite, dolomite, and rhodochrosite particularly, are characterized by their

crusted or combed structure, with which numerous fine crystals of the

above-mentioned minerals are associated. With the quartz lodes on the

other hand, or where quartz is the most important gangue-mineral, this

structure is less prominent.

The richest ore-bodies at Freiberg occur chiefly at lode junctions or

intersections.

Unfortunately, owing to the discovery of other large silver deposits,

especially those in America, and the consequent drop in the price of the

metal, mining in this world-famed district where the more important

mines have reached depths of over 600 m., has been reduced to a decadent

condition, and there are now but few mines working. The total pro-

duction has been as follows :

1163-1523 . . . 1,958,800 kg.

1524-1835 . . . 1,754,983 „
1836-1896 . . . 1,529,174 „

Total 1163-1896 . . . 5,242,957 kg. worth £45,400,000

1 Postea, p. 714.

VOL. II M
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For the five years 1877-1881 when the industry was still at its zenith,

the lode area worked, the ore won, and the payment received for ore, were

as follows :
^

1877-1881.
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The Lodes of the Upper Erzgebirge

LITERATURE

H. MiJLLEE. ' tjber eine merkwiirdige Druse auf einem Schneeberger Kobaltgange,'

Zeit. d. d. geol. Ges., 1850, p. 14 ;
' Der Erzdistrikt von Schneeberg, u.s.w.,' Cotta's

Gangstudien, III., 1860 ; Die Erzgange des Annaberger Reviers, Explanatory text to the

Geological Map, Leipzig, 1894, p. 9(3.—G. C. Laube. Aus der Vergangenheit Joachimsthals,

Prague, 1873 ; Geologic des Bohmischen Erzgebirges, Prague, 1876 ; Geologischen Ex-
kursionen, 1884.—A. Frenzel. Mineral Lexikon flir das Konigreich Sachsen, Leipzig,

1874, p. 167.—M. Websky. ' Silberhornerz ini St. Georgs Schacht zu Schneeberg,' Zeit.

d. d. geol. Ges., 1881, Vol. XXXIII. p. 703.—F. Babanek. ' Ubcr die Erzfiihrung der
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These lodes, famous by reason of the silver-cobalt mining to which

they have given occasion, occur around Annaberg, Buchholz, Marien-

berg, Scheibenberg, Oberwiesental, Schneeberg, Johanngeorgenstadt, and

Joachimsthal, the positions of which, both geologically and geographically,

are given in Fig. 335. They lie to the south-west of the Freiberg-Brand

district just described.

The silver lodes at Annaberg were discovered in 1492, since when more

than 300 lodes have become known in the Annaberg-Buchholz district. In

this district the country consists of grey contact gneiss with conformably

intercalated layers of quartzite, hornfels, grauwacke, conglomerate, crystal-

line limestone, and amphibolite, all of which belong to the contact zone of

the gneiss, while between Schlettau and Scheibenberg there is a consider-

able occurrence of augengneiss and coarse gneissic granite. All these

rocks are either foliated eruptives or contact-metamorphic rocks. They

mantle over the red Erzgebirge gneiss of Reizenstein-Katharinaberg and

the grey eruptive gneiss of Freiberg.

The lodes belong partly to the sulpliide-lead- and tin groups of

the older system, and partly to the cobalt-silver- and iron-manganese

groups of the younger system. The more important have always been

the cobalt-silver lodes, which group themselves in definite districts or fields

wherein two principal lines of strike prevail, one north-south, the other

east-west. Generally speaking these lodes may only be followed for

800 m. or so along the strike, and from 100 m. to 400 m. at the most, in

depth. The most important of these fields is that around Annaberg, the

centre of the former silver-cobalt mining.

The metalliferous filling consists of different silver minerals such as
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Legend

Micaceous Mica schist Schistose Red contact Grey contact Augengneiss I Red Zrz^ebirgg
Phylhte phy/lihi prteiss urfh gneiss coarse grained eruptive

gneiss gamet-mica gneissic gneiss
roch granite
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oi the Granite formatian

Fig. 335.—Geological map of the Upper Erzgebirge miiiiug district. Scale, 1 : 500,000.

H. Creduer.
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dyscrasite, native silver, black silver, argentite, argentiferous marcasite,

cerargyrite ; of cobalt- and nickel minerals ; and of pyrite, sphalerite,

chalcopyrite, and scarce bismuth minerals. The gangue consists of quartz,

barite, fluorite, and dolomite. Uranium ores represent a special primary

zone, which is more closely described in the chapter dealing with uranium

lodes. The deposits of this district are particularly rich at lode junctions

and at intersection with certain seams known as Schivehe?ide, these being

bed-like or lode-like, flatly dipping attrition zones of highly decomposed

gneiss, mica-schist, or clay, the last-named being sometimes quite sooty-

black by reason of contained carbon. The attrition zones themselves

contain no ore. We regard them as older than the lodes, towards the

parent solutions of which they acted as impervious barriers, so impound-

ing these solutions that great accumulations of ore became precipitated

in the immediate neighbourhood.

The production of the Annaberg mines from 1496 to 1600 amounted

altogether to 315,500 kg. of silver and 2423 tons of copper, having a

total value of about 1-2 million sterling ; from 1701 to 1850 about 7855

tons of cobalt ore were produced.

The Marienberg district to the north-east of Buchholz-Annaberg, in

addition to the tin lodes described in the section on tin ores,^ contains

others belonging to the silver - cobalt- and sulphide zinc-lead groups.

The geological circumstances are the same as those at Aimaberg, though

Marienberg lies still nearer the red eruptive gneiss of Reitzenstein-

Katharinaberg. Two interesting lode - systems embracing together

more than 100 lodes occur, which, striking north-east and north-west

respectively, are fairly at right angles to each other ; these directions

correspond respectively to the Erzgebirge and Hercynian folds. The

extent of these lodes along the strike, as exemplified in the cases of the

Bauer-Morgengang, the Elisabeth-Flachengang, and the Eleonore-Morgen-

gang, reaches at times more than 3 kilometres. The minerals present are

galena, sphalerite, pyrite, silver-cobalt minerals, and pitchblende, while

quartz, barite, fluorite, and dolomite, occur as gangue. Enrichment in

precious metal was found at lode junctions and at intersection with the

above-mentioned flat-lying attrition zones, here known as the 'black

seams.' According to official figures, from 1775 to 1795 the ore won
assayed 78 per cent of silver, though otherwise the general average has

been but 0-94 per cent. Compared with Freiberg the lodes of this

district are richer, but more broken. From 1520 to 1600 silver- and

copper ore to the total value of about £625,000 was produced, of which

amount about £220,000 was distributed as dividends. This district to-day

is of no importance.

^ Ante, p. 425.
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The Scheibenberg-Oberwiesental district likewise has no significance.

The lodes of the Schneeberg district, discovered in 1471 at a time

when mining at Freiberg was dechning, their discovery accordingly

imparting new life to Saxon silver mining, are of real importance.

Schneeberg, to the west of Annaberg, lies between the Eibenstock

granite to the south, the Kirchberg granite to the west, and the

granite outlier of Aue and Oberschlema to the east, in an area of

Cambrian clay-slate and phyllite, which rocks to a considerable extent

have been altered by the granite to spotted schist and andalusite-mica

schist. The lodes continue also in considerable number into the granite.

Among the lodes an older system, containing tin, copper, and sulphide

zinc-lead ores, may be differentiated from a yomiger system, with silver ores

and quartzose cobalt-bismuth and iron ores. Although of the older system

the copper lodes formerly were not without importance, the sulphide-

zinc-lead lodes only will be discussed here. These contain abundant

arsenopyrite, sphalerite, galena, pyrite, and chalcopyrite, less abundant

tetrahedrite and molybdenite, with quartz as the principal gangue.

More important still however are the silver- and cobalt-silver lodes

of the yomiger system which, though small in number, were formerly

remarkable for their exceeding richness in silver. These occur in contact-

metamorphic schists at Schneeberg and Schlema, as well as at Bockau

and Aue, and carry silver minerals with subordinate cobalt, nickel, and

bismuth, in a barytic gangue. It is stated that in the year 1477 a mass

of mixed argentite and native silver weighing about 20 tons was fomid

in the Fursten adit of the famous St. Georg mine, at a spot where several

lodes came together.

The most important lodes of the Schneeberg district are however

those of the cobalt-bismuth group upon which mining is still proceeding.

These occur within an area 10 sq. km. in extent, of which Neustadel is

the centre. At that place the lodes are in such number that accord-

ing to Miiller the occurrence may be compared to a gigantic stockwork.

The lodes strike west-north-west or north-north-west, dip steeply, and

are usually 0-5 to 3 m. vride. Some are known for a length of 3 km.

along the strike, and for more than 300 m. in depth. Along their

extent they often spUt into veins which afterwards remiite. The lode-

filhng consists of grey and white smaltite, earthy cobalt, bismuth-linnseite,

erythrite, niccohte, chloanthite, frequent native bismuth, bismite, a little

silver ore, arsenopyrite, pitchblende, and other rarer lU'anium ores; together

with quartz, hornstone, dolomite, and calcite, as gangue. According to

Beck the ore in these cobalt lodes ceases as soon as the fissures penetrate

the granite below the schists. An exception to this however is provided

in the Weisser-Hirsch mine which is celebrated for its uranium ore : in
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that mine rich cobalt ores are also found within the granite. In this

district also, flat attrition zones with carbonaceous alum-shale material are

associated with a betterment in the metalliferous content.

The production of the Schneeberg mines, which belong partly to the

State and partly to cobalt-blue works, may be gathered from the following

table :

Year.



682 ORE-DEPOSITS

and scapolite-mica schist, gneissic mica-schist, and coarsely fibrous garneti-

ferous mica-schist ; it also contains interbedded layers of limestone and

hornblende rocks. These schists are crossed by dykes of quartz-porphyry

and isolated dykes of basalt and phonolite.

The lodes, which belong to the silver-cobalt group, occur chiefly in

the phylhte-like graphitic mica-schist, which forms several south-east

striking zones dipping north and north-east. The principal directions of

these lodes are north-south to north-north-east, the so-called ' midnight

lodes,' and east-west or east-south-east, the so-called ' early lodes.' The

latter dip 50°-80° always to the north ; the former 40°-80°, sometimes

to the east and sometimes to the west. The wadth generally varies between

0-15 and 0-6 m., though exceptionally it reaches 1-2 metres.

The ore consists of smaltite, bismuthinite, native bismuth, bismite,

nickel minerals, and pitchblende, the occurrence of this last being discussed

in a later chapter. At the lode j mictions, silver enrichments consisting of

native silver, pyrargyrite, proustite, argentite, and black silver, are found.

The lode-filling, particularly that of the early lodes, consists largely of slaty

and clayey material and less frequently of quartz or calcite. In the eastern

extent of the midnight lodes hornstone and dolomite occur plentifully.

The distribution of the ore is irregular and discontinuous. The primary

depth-zones and the part played by the pitchblende are referred to when

dealing with the uranium lodes.

The most important lodes of this still famous district are the Hilde-

brand, Geister, Fluder, and the Edelleutstollen lodes. The important

mines are the State mines of Joachimsthal, the Edelleutstollen, and

the Hilfe-Gottes. The development of the district was begun in the

sixteenth century. In 1520 more than 8000 miners were employed and

hundreds of mines were at work. Rich ore-bodies were found at first

immediately below the surface and some of the mines worked with-

out lamps. It was in this district that silver was first made into coins,

these being known as ' Joachimsthaler '
; hence the term ' Thaler.' At

present however the district is only of importance in relation to uranium

ores for the extraction of radium, the output of these ores latterly

ha^dno• been as follows :

189(5
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Carboniferous-Eotliegendes time ; that this filling itself was subsequently

again rent is probable. These old lodes were the source of the amethyst

and quartz boulders which are found in the Cretaceous beds in the neigh-

bourhood of Freiberg. The filling of the younger lodes w^as probably

contemporaneous with the main fissures of the Harz, in which case they

would be of Miocene age.

The condition of lead-silver mining in Saxony is greatly dependent

upon the metal prices. These of late years have been very low. The silver

contained in the ore delivered from the Saxon mines to the Freiberg smelting

works in the year 1910 amoimted to 6421-8 kg. as compared with 7898-8 kg.

in the year previous, the corresponding values being £17,000 and £19,600

respectively. Freiberg itself not many decades ago produced 25,000-

30,000 kg. of silver yearly. The market conditions for lead also have

been unsatisfactory. The lead ore sent from the Saxon mines to the

Freiberg works in 1909 contained 1487 -tons of lead valued at £12,800,

whereas in the year previous these figures were 1493 tons and £13,400

respectively. Owing to the control of the zinc convention the condition

of the zinc market in 1909 was more favourable.

According to official statistics the ore produced in the Freiberg district

in 1909 was 11,120 tons valued at £32,000. The Marienberg-Scheibenberg

district, apart from a few tons of zinc ore, produced nothing. The Johann-

georgenstadt district produced 2662 tons valued at £4240 ; the Schneeberg

district, 2746 tons at £23,100. The total production of Saxony in rich

silver ore and argentiferous lead-, copper-, arsenic-, zinc-, and sulphur-ores

in 1909 amounted to 7617 tons worth £34,300. In addition, 4117 tons of

arsenopyrite, pyrite, and chalcopyrite, were produced, having a value of

£2450 ; 173 tons of sphalerite worth £245 ; 288 tons of bismuth-, cobalt-,

and nickel ores worth £23,100 ; and 0-29 tons of pitchblende worth £37.

THE OBERHAEZ

The Harz mountains represent the south-east striking, or Hercynian

core of a mountain range consisting of Devonian and Culm beds, these

beds themselves being disposed in north-east or Dutch folds. To the north

this range is separated from the fore-ground by lines of dislocation, so that

a combination of anticHne and uplift exists.

It was formerly considered that a sinuous and undulating anticlinal

axis of the oldest rocks existed, upon the two lateral flanks of which, and

in three synclines occurring betw^een them, the upper beds were laid. Of

these anticlinal flanks, that to the north-w^est would be represented by the

Oberharz, and that to the south-east by the Unterharz, while the three
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synclines would be those at Elbingerode and Selkemulde to the north,

and that at Ilfeld to the south. In addition, the geological position is

materially conditioned by two granite intrusions of Carboniferous age, the

Brocken massive occurring between the Oberharz and tbe Elbingerode

syncline, and the Ramberg massive between the Elbingerode and Selke-

mulde synclines. Farther to the east the Mansfeld syncline adjoins

the Unterharz. Recent investigation however kas not supported this

widely held tectonic representation, though the surveys are not yet

sufficiently advanced to allow a new anticlinal axis to be formulated.

The Oberharz is a high plateau consisting chiefly of Culm beds

disposed in conformity mth Dutch folds, that is to say, as illustrated in

Fig. 35, they strike north-east. Beneath these in the northern portion of

the district, Devonian beds appear, which, as illustrated in Fig. 22, with

north-east strike and much detailed folding, form roughly an air-anticline

normally overlaid on its north-west and south-east flanks by Cidm beds,

and to the south-west and north-east bounded by fault escarpments. The

fore-ground consists of Zechstein, Triassic, Jurassic, and Cretaceous beds.

The Clausthal Lodes
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The lodes of the Oberharz extend over the entire Clausthal plateau,

around Grmid, Wildemann, Clausthal-Zellerfeld, Lautenthal, Bockswiese,

and Schulenberg, in a district 18 km. long and 8 km. wide. In greater part

and as illustrated in Fig. 56, they are faidt fissures filled with ore and

gangue. Such other lodes as represent the filHng of fissures along which

no movement took place, play but a subordinate part. The general

strike is east-south-east to south-east, and the dip 70°-80° to the south.

Generally the lodes do not occur singly and independently, but several

more or less parallel fissures occurring close to one another are linked
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together by subsidiary branches ; lodes so related to one another form

what is best described as a lode-series. The. occurrence is illustrated in

Figs. 3 and 336 representing the different lode-series in the Oberharz,

Qeron Culm Granite /(ersantite Dijkei Diluvit/m. Alluvium

Fig. 336.—The diiferent lode-series of the Oberharz. L. Beushauseii, Kgl. Pr. Geol. Landesanst.

many of which extend 8-10 km, or more along the strike. These from

north to south are as follows :

1. The Gegenthal-Wittenberg Series.

2. The Lautenthal-Hahnenkleer Series.

3. The Bockswiese-Festenburo-Schulenbero- Series.
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4. The Hiitschenthal-Spiegethal Series.

5. The Haiis Herzberg Series.

6. The Zellerfeld Main Series.

7. The Burgstadt Series.

8. The Rosenhof Series.

9. The Silbernaal Series.

10. The LaubhUtte Series.

Ill form, most of the lodes—having generally a distinct clay-parting

on the foot-wall while towards the hanging-wall merging gradually into

undisturbed country—are composite lodes in the sense of Cotta. The

\vidth in consequence is often considerable and may be as much as

40 m., nor to the depth of 910 m. so far reached has any general

diminution of width been established. The well-known flucan-faults or

Ruschehi of the Harz are generally without influence upon the lodes, though

occasionally a splitting or deflection takes place where these are crossed

;

such splitting for instance occurs with the Rosenhof Series, and such

deflection with the Zellerfeld and Burgstadt Series. In the numerous

slickensides and in the occurrence of lode-slate there is evidence that

earth movements subsequently took place along the lode fissures.

The lode-filling consists of ore, gangue, and country-rock. The most

important ore is galena with 0-01-0-3 per cent of silver, that is, 100-3000

grm. per ton ; next in importance comes sphalerite, which at Lautenthal

preponderates ; chalcopyrite, tetrahedrite, and bournonite are micommon ;

gersdorffite only occurs locally ; and the selenides of lead and copper only

as rarities. Quartz is the prevailing gangue, calcite is less frequent, and

the occurrence of barite is Umited to the different southern series, and

principally to the western portion of these. This occurrence of barite can

be demonstrated to be referable to the Zechstein country; indeed throughout

Germany the distribution of this mineral often coincides with that of the

Zechstein and Bunter formations. The extent to which the country-rock,

—grauwacke and clay-slate—participate in the lode-filhng, varies.

The lode structure is generally banded or crusted ; less frequently

it is irregularly coarse. The zonal incrustation of fragments of comitry-

rock to form concentric ore, illustrated in Fig. 126, is characteristic.

Quartz and galena appear to be the oldest minerals, following which

come chalcopyrite, sphalerite, and calcite, in varying proportions, while

barite, siderite, strontianite, and marcasite, probably represent a younger

generation. The ore generally occurs in shoots which, contrary to the

steeply dipping lode in which they lie, are flat, having usually a dip of not

more than 45°. Where two lodes come together rich ore-bodies are often

fomid.
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The first fracturing of the lode fissures was presumably closely con-

nected with the upheaval of the Brocken massive in Upper Carboniferous

time, subsequently to which, and in response to later tectonic phenomena,
these fissures were again repeatedly opened. The first filling however

took place immediately after the first fracturing. Since, though seldom,

galena is found in fissures and cavities in the Zechstein, it may safely be

assumed that with the later tectonic phenomena metalliferous solutions

also ascended.

The importance of the lodes of the Oberharz may be gathered from

the following figures. In the year 1908 eight mines together produced

265,000 tons of argentiferous galena and sphalerite, containing on an
average 7 per cent of lead and 8-7 per cent of zinc. This ore had a value of

about £202,000 at the mine. During the same year the total production

of lead-zinc ore in Germany was 2,913,000 tons with 11 per cent of zinc

and 3-9 per cent of lead, while the total value of the lead-, silver-, and zinc

ores amounted to £1,815,000.

St. Andeeasberg-
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Though a distance of but 16 km. intervenes, the district of St. Andreas-

berg is quite different from that of Clausthal. The lodes at St. Andreasberg

occur in Palaeozoic beds bordering the Brocken massive, to the south

of the Bruchberg range. The extension of the individual Palseozoic

stages is dependent upon considerable dislocations, and particularly upon
the two outside faults knoAvn respectively as the Neufang flucan to the

north, and the Edelleute flucan to the south. These two breaks enclose

between them a x^ronounced wedge of ground, the thin end of which, as

illustrated in Figs. 155 and 337, is directed to the west. North of the

Neufang flucan the Culm, represented by grauwacke, clay-slate, and
sihca-schist, occurs, while the wedge itself and the country south, are

Devonian. In addition to Lower Devonian beds, which may be correlated

with the Upper Coblenz Series, the deep-sea facies of the Middle Devonian
are, according to Bode, represented by the Wissenbach slate. Further,

according to the most recent correlation, the Lower Devonian, with a
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considerable shortage of its members, along the Neufang flucan abuts

against the Culm to the north. The Lower Devonian beds in this district

are therefore especially concerned in the ore -deposits. The northern

portion of the district is already in the contact zone of the Brocken

granite ; the beds there strike north - east, are much contorted and

sometimes inverted, and usually dip to the south-east.

The silver lodes are exclusively found in the wedge between the two

flucans mentioned, this wedge being some 3 km. long and at its base

1 km. wide. The northern or Neufang flucan is an overthrust which

strikes north-east and dips steeply to the south-east. Along it the Lower

Devonian beds have been forced up over the Culm. It is some 12 m. wide

and cuts the formation at an acute angle. The southern or Edelleute

flucan is likewise about 12 m. wide ; it strikes east-west and dips steeply

to the south. According to Bode, its southern wall in the eastern portion

appears to have sunk, while in the western portion on the other hand it

appears to have risen, that is, to have been overthrust. The complete part

played by these dislocations in the stratigraphy of the district will however

only be made clear by still further investigation.

According to all appearances the Neufang flucan represents an

overthrust whereof the direction of the movement has not yet been

satisfactorilv established. Within the wedge two overthrusts of smaller

width, known respectively as the Abendrot and Silberburg flucans, occur,

though these unfortunately are no longer approachable for further investi-

gation. It is assumed that these three overthrusts, the Neufang, Abendrot,

and Silberburg, are contemporaneous among themselves but older than

the Edelleute flucan, which is regarded as an ordinary fault.

Although the silver lodes are limited to this wedge between the

outside flucans, other lode fissures containing ore are found imfettered

by this limitation. Iron lodes, for instance, occur north of the Neufang

flucan and also farther to the west, while barite-copper lodes are found to

the south of the Edelleute flucan. The north-west-striking Engelsburg lode,

situated roughly 1-5 km. south-east of St. Andreasberg, and containing

chalcopyrite, silver-free galena, calcite, and quartz, is well known.

Within this wedge the silver lodes occur chiefly to the west, where

according to their strike they form two series, one striking north-

west and the other striking east. To the former series belong the

Wennsgliickt, Jakobsgliick, Samson, Andreaskreuz, Franz-August, Felizitas,

Flinf-Biicher-Moses, and the Prinz Maximilien lodes, while to the latter

belong the Neufang, Gnade-Gottes, Julian, Bergmannstrost, and Morgenrot

lodes. All dip steeply to the north or north-east, those of the first series

at 80°-90°, those of the second at 70°-80°. At the Neufang flucan they

split up or are dragged till they disappear. At the Abendrot and Silberburg
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flucans they behave similarly though with this difference, that they reappear

and continue on the other side of these flucans. Their relations to the

Edelleute flucan can no longer be studied ; Werner however assumed that

this fault is younger than the lodes. All the lodes become smaller in soft

slaty rock, and particularly in the Wissenbach slate above the diabase.

The silver lodes are simple lodes, generally less than 1 m. in width and

with sharply defined walls. They are often severed by secondary faults

which strike north-east and dip south-east, the eastern portion of

the lode at such severance being usually forced over the western ; the

lateral displacement does not however amount to more than 1-2 metres.

Werner assumed that these secondary faults are younger than the lodes

and contemporaneous ^vith the Neufang flucan.

The lode-filhng, which is almost invariably fast cemented to the

rock, consists chiefly of whitish calcite of an older generation, vnih im-

pregnations, veins, and nests of quartz, and of galena, sphalerite, native

arsenic, pyrargyrite, dyscrasite, arsen-argentite, and native silver. Less

important are breithauptite, niccolite, smaltite, and fluorite, while barite

is quite an isolated occurrence. The ore- and gangue-minerals in vugs

belong to a second generation, one which is excellently developed crystallo-

graphically, in which connection Klockmann has called attention to the

beautiful and many - faced crystals of calcite with pyrargyrite, and

pyrostilpnite. Noteworthy in addition are the numerous zeoUtes, such as

apophyllite, analcime, harmotone, desmine, stilbite, and natrolite ; and also

datoHte and fluorite. The last-named is infrequent and only of minera-

logical interest ; according to Werner it is younger than the quartz but

older than the younger calcite and the zeolites.

The Wennsgliickt lode to the north-east, exhibits some points of

exceptional character. In the upper levels it carried limonite ; below

this for some depth it was barren ; while in greater depth it contained

sporadic chalcopyrite, a little galena, tetrahedrite, proustite, and pyrar-

gyrite.

Barite as a part of the lode-filling has only been observed in the Prinz

Maximilien lode and in a branch of the Samson lode, in both cases close

under the surface. It has however also been found together with zeolites

and pyrite in the country-rock, at a depth of 750 metres. The distribution of

the ore-bodies along the lode plane is usually quite irregular. The primary

relations of galena to sphalerite are interesting; the galena in depth appears

to give place to the sphalerite.

The difference between these lodes and those at Clausthal is striking.

At St. Andreasberg, where silver greatly exceeds the other metals in

value, zeolites are common, while fluorite is exceptional, and barite practi-

cally absent. Lossen regarded these differences as expressive of different
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depth-zones, the St. Aiidreasberg lodes representing a deeper zone nearer

the Brocken granite than that which would include the lodes at Clausthal.

Klockmann however is of opinion that the diabase so frequently present

at St. Andreasberg and absent from Clausthal, materially contributed to

these differences. According to Bode, the distribution of the ore-bodies

is partly dependent upon the nature of the country - rock, calcareous

rocks such as intercalated limestone or calcareous diabase, producing an

enrichment.

Werner divided the ore-minerals into three different groups according

to the manner of their formation, namely : (1) those deposited from

original solution
; (2) those formed in depth by the action of subsequent

solutions upon those of the first group
; (3) those formed in the upper

levels and gossan by the action of meteoric waters upon the first group

;

in this last group are also included those formed in the mines by mine

water. According to him the original ores are dyscrasite, arsenic, galena,

sphalerite, tetrahedrite, and less frequently, antimony, breithauptite,

smaltite, lollingite, chalcopyrite, pyrrhotite, and pyrite. Among these he

distinguished three ages, the oldest of which included the native metals,

arsenic, and antimony, etc. ; the next, galena, sphalerite, chalcopyrite,

and tetrahedrite ; while the youngest included pyrrhotite and pyrite,

together wdth the zeolites extracted from the country-rock. Simultane-

ously with the formation of the pyrrhotite and pyrite an alteration of the

earlier original ores began, whereby native silver resulted in the deeper

horizons, and pyrargyrite in the shallower. Then also the bulk of the

zeohtes became formed. Upon subsequent oxidation by meteoric waters

the usual oxidation minerals resulted.

The view of Werner concerning the age and formation of these ores,

which ascribes a material part to halurgo-metamorphism, that is, the action

of saline solutions, can only be endorsed in part by the authors. In their

opinion the features observed at St. Andreasberg do not need the applica-

tion of this metamorphism for their elucidation. These ores are in no way
different from those of other silver districts where it has not been thought

necessary to call this metamorphism in aid. In W^erner's discussions of

the subject the failure to mention cementation ores is striking, since such

must have been present, as those solutions which brought about oxida-

tion must lower down also have effected cementation. Again, Werner
assumed several periods of mineralization by ascending heavy -metal

solutions ; later solutions must therefore have come into contact with

sulphides already deposited from the earher solutions, and cementation ores

must have resulted.

The rich silver ores at St. Andreasberg differ from the rich cementation

ores of other districts only in that they have been found to continue to an

VOL. II N
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abnormal depth, it being otherwise usual to meet such ores more particu-

larly above gromid - water level. In this respect the St. Andreasberg

district resembles the silver-copper district of Butte, Montana, where

likewise all possible theories were advanced in explanation of the appear-

ance of cementation ores at such relatively great depth ; till finally,

Emmons explained the circumstance by tectonic causes, namely, a de-

pression of the district, wliich so far as the deposit was concerned would

be equivalent to a rising of the ground-water level.

So long however as the earth movements in the wedge which forms

the lode district of St. Andreasberg are not understood, the formation of the

rich silver ores there will lack satisfactory explanation. The important

question still to be answered is whether this wedge in the course of geo-

logical time has, in relation to its surroundings, sunk, or been raised.

According to Krusch the nature of the ores suggests a depression of the

district, equivalent to a gradual rising of the water-level. In such a case

rich cementation ores might very well be found deep below the present

water-level. Galena and sphalerite, as before, would be primary ores,

galena forming an upper primary zone, and sphalerite a lower. The silver

content of the former, probably a high one, would provide the wherewithal

to form rich cementation ore, since after having been taken into solution

by the descending surface waters, and after the consumption of the oxygen

brought in by these waters, it would become precipitated by the reducing

action of the galena and sphalerite. The sinking of this wedge would

then take such cementation ore into depth with it.

The occurrence of zeolites may perhaps be ascribed to the direct

influence of the eruptive rocks found in the neighbourhood. To this

influence indeed Krusch ascribed the striking difference between the lodes

of tliis district and those at Clausthal, being moved thereto by the fact

that the lodes at Clausthal, towards the south, that is in the direction of

St. Andreasberg, possess an increasing silver content, those around Grund

having actually the highest silver content of any sulphide lead-zinc lode

in Germany, in primary ore.

The lodes at St. Andreasberg, discovered in 1521, reached their zenith in

the second half of the sixteenth century, after which followed a period of

quiescence. Then, after being taken up again about the middle of the

seventeenth century, work proceeded without cessation till 1910, when on

the exhaustion of the ore-bodies it again stopped. Of late years the

output has been but a few tons of ore annually.
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THE LODES OF THE RHENLSH SCHIEFERGEBIRGE

1. The Berg District

LITERATURE

E. Buff. Beschreibung des Bergreviers Deutz. Bonn, 1882.—A. Schneider.
Lagerstattenkarte des Bensberger Gangieviers. Bonn, 1882.—W. Peteesson. ' Die

Blende- und Bleigruben Berzelius und Liiderich ini Bergischen Lande,' Berg- u. Hiittenm.

Ztg., 1899, p. 601.—L. SouHEUE. ' Greenockit, Wurzit, und Smithsonit von der Grubo
Liiderich bci Bensberg,' Zeit. f. Kristall. u. Min., 1884, Vol. XXIII. p. 549.—H. v. Dechen.
Erlauterung der geologischen Karte der Rheinprovinz und Westfalens. Bonn, 1870.—
Zeleny. 'Das Unterdevon im Bensberger Erzdistrikt u.s.w.,' Arch. f. Lagenstatt. Geol.

Landesanst. Berlin, 1912.

The Berg Hills, consisting of Middle and Lower Devonian slates with

subordinate intercalated limestone, rise out of the Rhine valley east of

Cologne. The beds strike north-east and include from the oldest Gedinnian

with its lower arkose and upper red-coloured slate on the one side, to

what appears to be upper Middle Devonian limestone on the other ; since

however the boundaries of the individual beds are determined in part

by large breaks it cannot yet be said whether the sequence of beds so

embraced is complete. At Bensberg for instance, the Gedinnian comes

against considerably younger limestones of the Lower and Middle

Devonian.

This Devonian formation around Berg-Gladbach, Bensberg, Imme-
keppel, and Engelskirchen, contains many lead-zinc lodes, the more

important of which have been or are worked in the Liiderich, Bliesenbach,

Weiss, Berzelius, Castor, and Pollux mines. The majority of these lodes

are found to the south of the Berg-Gladbach limestone syncUne, where they

extend to the east and south, to the Brohl river and to the Sieg respectively

;

few occurrences are known in the Devonian slate north of this syncline.

To the north the district is bounded by the Dierscheid and Lennef rivers.

The Lower and Middle Devonian slate, consisting of grauwacke and
subordinate clay-slate, rests upon the Gedinnian, with which it forms

anticlines and synclines, these in places being steeply inclined. As Zeleny

has shown, a relation undoubtedly exists between the tectonics of the

district and the occurrence of lodes, these latter occurring along faults

and subsidences, a similar relation in the case of Siegerland having been

demonstrated by Denckmauu. This geological position may be particu-

larly well observed in the occurrences at and in the neighbourhood of

Liiderich.

While the strike of the lodes varies greatly, the dip, which is generally

between 60°-70° and but rarely as low as 45°, is always steeper than that of

the country-rock, though in the same direction. In relation to width and
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Fig. 338.—Map showing lodes iu the Berg district. Zeleuy. Geol. Landesaiist. 1912.
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nature the lodes exhibit great differences. The narrow lodes show distinct

walls, some of these being clean fissures and others clay-partings. The

filling consists of decomposed clay-slate and fragments of grauwacke

and arkose, traversed by quartz veins and ore. With large lodes this

brecciated structure is less pronounced. In these, large blocks of country-

rock, which though wrenched from the parent mass, much folded,

broken, contorted, and traversed by fractures, have usually maintained

their internal coherence, constitute the principal mass, which consequently

often presents a banded appearance. With lodes so filled a distinct

separation from the country-rock no longer exists, and often only through

the unmistakable occurrence of a lithomarge-like material in cracks in

these large blocks, may it be determined whether any particular mass is

within the lode or not. The clay-slate ^dthin the lode is often transformed

to black lode-slate traversed by numerous fracture planes and slickensides.

Where many individual veins come together and form what is best described

as a lode zone, the foot-wall is in places well marked and definite, while not

infrequently, on the other hand, and chiefly in the hanging-wall, there is a

gradual passage from shattered material to regular country-rock. These

wide occurrences are in fact composite lodes in the sense of v. Cotta.

Along the strike the lodes are of very different length ; while most

attain but 50 m., the large zones can be followed for some kilometres. The

Max lode for instance can be followed for 1 km., and the Lliderich lode-

series for about 4 kilometres.

Within the lode the ore is irregularly distributed, ore-bodies being

surrounded by barren or poor parts. In such bodies the ore may be either

irregularly coarse or disseminated. They may either occupy the entire

width, in which case the richest parts are often found at the walls, or they

may occur more in the centre of the lode, in which case they sometimes

have their own walls, and sometimes are intergrown with the poorer

material. They almost always agree in strike with the lode, and usually

form a series of lenticular or globular bodies witliin the lode. In depth

they often contract in dimensions like a funnel, and deeper still are

succeeded by other bodies similarly disposed.

The ore consists chiefly of compact, fine-grained to coarse galena with

a silver content usually between 200 and 500 grm. per ton, but wliich may
rise to as much as 7000 grm. Of similar importance and frequency is the

coarsely-crystalline black-brown sphalerite which always carries cadmium.

Chalcopyrite is found almost everywhere, though in such small amount as

to be without economic imiportance
;
pyrite also is not uncommon in

fractures and vugs. Siderite is quite common, and cases are known where

lodes worked to-day for their contained galena and sphalerite, were origin-

ally worked for siderite. As this ore in some mines also occurs plentifully
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in depth, it does not appear to constitute any particular primary horizon.

With sphalerite and galena, however, the case is difierent. Generally Avith

these lodes galena in depth is replaced by sphalerite, the latter therefore

representing a deeper primary zone. The amounts of these ores present,

varies in different lodes as well as in one and the same lode. At Liiderich

the average relation for twenty-nine years between sphalerite and galena

was as 100 : 5-7 ; at Bliicher as 100 : 10-9 ; at Berzelius as 100 : 31-5 ; and

at Apfel as 100 : 41-2. In several cases developments in depth have been

less favourable, massive rich ore has given place to disseminated ore or to

ore mixed with country-rock, and in general a considerable impoverishment

has become established.

The large old workings which mark the outcrops of the larger lodes

are e\ddences of earlier mining operations, doubtless upon lead and silver

enrichments. Concerning such workings no reliable data are however

available, though it is certain that they were worked by the Romans.

Reliable records pertaining to the Liiderich mine date back to the year 1250,

when Archbishop Konrad of Hochstaade is stated to have worked the mine

in order to obtain money for the building of the Cologne Cathedral. The

present working of this, the most important mine of the Berg district, dates

from the late 'fifties, when the recovery of zinc from sphalerite was

introduced. The importance of Liiderich may be gathered from its produc-

tion. This in 1880 amounted to 21,742 tons of zinc ore and 6461 tons

of lead ore, having together a total value of about £92,000 ; and in 1911

to 12,600 tons of sphalerite and 1570 tons of galena. This mine is now

working to a depth of 80 m. below the level of the valley.

2. The Holzappel Lode-System
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—

Fr. Wenkenbach. ' Beschreibung der im Herzogtum Nassau an der unteren Lahn und
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The country of the Lower Lahn consists chiefly of Lower Devonian,

which to the east is overlaid by Middle and Upper Devonian. The beds
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strike north-east and occur in many parallel folds, which being over-

turned the beds almost invariably dip south-east. In relation to the

lodes, only the Lower Devonian beds come into question, namely, the

Hunsriick slate as lowermost bed, and then the Lower and Upper Coblenz,

Fig. 3.39.—Geological map of the Holzappel lode-system. Scale. 1 : 50,000.

these consisting of various clay-slates, grauwackes, and quartzites, with

porphyroid slates and diabase. In consequence of the numerous faults

and the rarity of horizons with characteristic fossils, the correct correla-

tion of any particular bed is not easily determined. The porphyroid slates

belong to the deepest horizon of the Lower Coblenz ; these rocks are

generally regarded as dynamically metamorphosed eruptives and tuffs.
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The rock known as white rock deserves special notice. This

formerly Avas regarded either as a bedded occurrence, in which case it

would represent an altered slate or porphvroid, or as a dyke, when it

would represent a decomposed diabase. Schoppe endorses the view

expressed by Rosenbusch that this white rock has resulted chiefly from

thermal metamorphism, and only recognizes as white rock that which occurs

in dyke form and was originally diabase. According to him, this white rock

is older than the present lodes, the solutions which formed these being the

last to invade the rock in question.

Both the beds and lodes are affected by a large number of tectonic

disturbances, of which the various lateral displacements along the lodes

are the oldest, these being presumably of Devonian age. Somewhat

younger are the disturbances which brought about a change in level. These

strike somewhat more northerly than the beds, and probably represent

overthrusts ; they dip at an angle of 10°-30° to the south-east and pinch

the lodes both in strike and dip. They are younger than the lodes and

probably belong to post-Culm orogenies. True faults are represented by

fissures cutting across the formation at an acute angle. Of these, the two

most important are known respectively as the ' morning ' and ' evening
'

main faults.

According to Kayser, whose view is endorsed by Schoppe, the Holzappel

lode-system is a composite strike-fault not invariably accompanied by

dislocation. The general coincidence in strike and dip of the lode and

country-rock, in spite of small transgressions, is justification for regarding

the deposit as a bedded system. This system strikes east-north-east and

dips 52° to the south-east. It consists of five lodes, of which one is the

main lode, three are branch lodes, and the fifth a transverse lode. The

width of the main lode varies between 0-6 and 7 m. ; in depth it appears

to be more regular, though contractions in its width are not infrequent.

At Holzappel it has been followed for more than 2200 m., and at Leopoldine

and Luise for more than 1200 metres. It has been opened to the sixteenth

level, that is, to a depth of 342 m. below surface. Of the branch lodes,

that in the foot-wall, 0-2-0-3 m. in Avidth, is the most important ; that in

the hanging-wall is 0-10-0-15 m. wide ; while that out in the hanging-

wall and on the thirteenth level 40 m. distant from the main lode, consists

of two veins each 0-15 m. wide. The transverse lode strikes south-south-

west and dips 72° to the east. Its AA-idth, which is 0-50 m. in the upper

levels, diminishes in depth to 0'10-0-12 metres. The influence of the country-

rock is e^ddent only in the form of the fissure, which is most regular

in grauwacke-slate, sphts up in the raw grauwacke, and is still more in-

definite in soft clay-slate. Although generally the lodes of this district

are composite, simple lodes also occur.



THE LEAD-SILVEE-ZINC LODES 699

The principal ore - minerals are argentiferous galena, sphalerite,

siderite, chalcopyrite, tetrahedrite, and less frequently pyrite, while

quartz forms the principal gangue. Calcite and dolomite are found

together with sphalerite as a later generation along transverse fractures.

The distribution of the ore within the lode is fairly regular since no large

barren stretches are met. The richest masses of galena were found in

the main lode, from the upper levels down to the third deep level 42 m.

below the surface. The silver content is greatest with the fine-grained and

compact varieties, wherein it amounts to as much as 0-15 per cent, or 1500

grm. per ton, while the general average at present is but 48-55 grm. per

ton. The siderite was found in the upper levels of the main lode. The

tetrahedrite gives the impression of being a cementation ore. The amount

of chalcopyrite decreases rapidly in depth.

Concerning relative age, the determination by Schoppe that the galena

is younger than the sphalerite and the older generation of chalcopyrite, is

important. The siderite is in part older than the diabase, though it still

continued to be formed after the intrusion of that rock. In Siegerland, not

far distant, it is entirely older than the diabase. The following figures

from Schoppe indicate the importance of the Holzappel mines :

—

Year.
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3. The Ems Lode-System

LITERATURE

Wenkenbach. ' Beschreibung der im Herzogtum Nassau an der unteren Lahn und

dem Rhein u.s.w. aufsetzenden Erzgange, sowie eine kurze tjbersicht der bergbaulichen

Verhaltnisse derselben,' Nassauisches naturwissenschaftlichcs Jahrb. Wiesbaden, 1861,

Vol. XVI.—G. Seligmann. ' Beschreibung der auf der Grube Friedrichsegen vorkom-

menden Mineralien.,' Verhandl. des naturhistorischen Vereins der preuss. Rheinlande und

Westfalens, 1876, Vol. XXXIII.—Geologische Spezialkarte von Ems, by E. Kaysek,
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Mining Department, Bonn.

The Ems lode-system occurs in Lo^\^er Devonian beds^—according to

Kayser the Upper Coblenz and the Lower Coblenz quartzite—in a position

about 13 km. west of the Holzappel system just described. These beds,

which petrographically consist of clay-slate, grauwacke, and quartzite,

occur in north-east striking anticlines and synclines, affected by many

disturbances. The general geology of the district is illustrated in

Fig. 340.

Li these rocks many lead-zinc lodes are found collected in groups and

series. From north to south the follo^^'ing groups deserve mention, those

of Hohe-Buchen, Silberkaute, Silberkautchen, Kellersberg, Merkur, and

to the south of Ems those of Malberg, Bergmannstrost, and Friedrichssegen.

The most important of these are Friedrichssegen at Oberlahnstein, Berg-

mannstrost, and Merkur, The ore is associated vdih a zone of soft

grauwacke and clay-slate belonging to the Lower Coblenz. This zone strikes

north-east, dips 75° to the south-east, and is 120-150 m. wide. Both walls

are marked by clay fissures, known respectively as the main foot-wall and

hanging-wall flucans ; at Merkur the hanging-wall fiucan contains galena

and sphalerite up to a vddth. of 0-5 metre. The ore-bodies, the lengths

of which are dependent upon their angle to these walls, are cut into

detached lengths by fissures running more or less parallel to one another.

Of these, at Friedrichssegen there are more than twenty-four, seventeen

of which, distributed over a length of 1400 m. carry ore. At Merkur

seven ore-bodies are known over a length of 2300 m., the \\Tidth of these

being generally below 10 m., but rising exceptionally to 20 metres. The

structure of the ore, including the gang;ue, is sometimes irregular and

sometimes crusted. The ore consists of argentiferous galena, sphalerite,

siderite, and chalcopyrite, less frequently of millerite, linnaeite, and native

silver. Quartz is the principal gangue, w^hile calcite and dolomite occur

but subordinately. Of these ores, in the main lode at Friedrichssegen

galena and sphalerite are in approximately equal amount, some 8-9 per

cent ; siderite is estimated at about three times this percentage, while
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Fi(i. 340.—Geological map of the Ems lode-system. Scale 1 : 50,000.
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chalcopyrite occurs to the extent of about one-twentieth of the galena.

The silver content of the clean galena, containing about 65 per cent of

lead, is about 500 grm. per ton.

At Ems the oxidation and cementation ores are well developed. These

include pyromorphite, native silver and copper, malachite and azurite,

cuprite, bournonite, silver amalgam, tetrahedrite, etc.

Mining in this district began very far back. It is stated that at Fried-

richssegen work was already active under the Romans, which is all the

more probable in that the ore-bodies outcropped with considerable width

and high silver content. Reliable mention however begins with the

commencement of the thirteenth century, when Kaiser Friedrich II.

granted a loan to the ' Cologne Pits,' as they were then termed. The

Merkur and Bergmannstrost mines, dating back to 1158, are also of great

age. At present the mines in this district belong to the Stollberger Gesell-

schaft at Aachen. The production in 1910 amounted to 6447 tons of

galena, 7558 tons of sphalerite, 222 tons of copper ore, and 7044 tons of

siderite.

4. The Ramsbeck Lodes

LITERATURE

E. Haber. ' Der Blei- und Zinkerzbergbau bei Ramsbeck,' Zeit. f. d. Berg- Hiitten-

u. Salinenw. im preuss. Staate, 1894, Vol. XLII. p. 77.—E. Schulz. Geologische tjber-

sicht der Bergreviere Arnsberg, Brilon und Olpe im Oberbergamtsbezirk Bonn, Bonn, 1877 ;

' Geologische Ubersichtskarte der Bergreviere Arnsberg, Brilon, Olpe sowie des Fiirstentums

Waldeck,' Korrespondenzblatt des naturhistorischen Vereins fiir Rheinland und Westfalen,

1887, Vol. XLIV.—Investigations by A. Denckmann, in manuscript.

In the neighbourhood of Ramsbeck, a village in the mining district of

Brilon, several mines, long in operation, are found over a superficies some

14 km. long and 12 km. wide. According to Denckmann the lodes of

this district occur in the Ramsbeck beds of the Devonian, which beds

consist of an alternation of grauwacke and clay-slate, crossed by numerous

faults. In relation to filling and strike, two groups may be differ-

entiated, namely, the unimportant Hmonite lodes striking north-south and

dipping steeply to the east, and the really important lead-zinc lodes

striking east-west. These latter occur in great number and, in spite

of their patchy character and narrow width, they may be followed for

considerable distances along the strike. In the western portion of the

district they dip to the south at 12°-15°, and in the eastern portion at

25°-30°, these angles being generally flatter than the country-rock. These

east-west lodes cross the country-rock at an acute angle, though occasionally

a lode may be found to continue for some distance along the contact

between grauwacke and slate. The tendency of the principal lodes to

break into parallel veins is noteworthy.
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Denckmann has collected evidence showing that the filling of the

lodes in the grauwacke is substantialh^ richer than that of those in the

slate ; while in the former country the fissures are wide, regular, and carry

considerable sulphides, in the latter they split up and become poor.

Among the disturbances to w^hich they have been subjected, the flat

slides, which chiefly occur near the surface, are noteworthy. In the

grauwacke these are definite, while in the slate, on the other hand, they

are indefinite. Along them the hanging-wall portion of the formation

has generally been thrust in a northerly direction, the extent of this

thrust being seldom more than 100 metres. In addition, true faiilts

with steep dip and httle throw are present in large number.

The ore-minerals include galena, sphalerite, and subordinate pyrite.

and chalcopyrite ; -svith these a little siderite is associated
;
quartz is the

principal gangue. The ore occurs very disconnectedly, being hmited to

small bodies which alternate with more extensive barren parts. The most
important mineral is galena, which contains 0-027 to 0-065 per cent of silver

and is always intergrown with quartz and sphalerite. The occurrence of

roundish inclusions of milky quartz in the fine-grained, almost compact,

and often argentiferous galena, is characteristic of the Ramsbeck lodes. It

may be that these are the remnants of a quartzose gangue which, prevailing

formerly, has since been replaced by galena. Coarse crystals of pure galena

are seldom found. The sphalerite, mostly coarsely-crystalline in texture

and chestnut-brown in colour, is also intergrown ^\ith other minerals and
gangue. With the quartz other gangue-minerals occur, such as siderite,

calcite, dolomite, and barite, though to a less extent.

The genetic relations at Ramsbeck are by no means easy of deter-

mination, the fissures having been repeatedly re-opened ; the different

minerals are not contemporaneous. Moreover, further investigation alone

will be able to indicate the extent to which subsequent replacement of

the earlier fillings proceeded.

These mines, formerly held by many, have since the year 1859 been

held by one company. ^ In 1890 the output was 4025 tons of galena and
2924 tons of sphalerite ; and in 1910, 2113 tons of galena and 7252 tons of

sphalerite.

5. The Lodes of the Velbert Anticline

LITERATURE

Die Lintorfer Erzbergwerke, published upon the occasion of the Diisseldorf Industrial
Exhibition, 1880.

—

Schrader. 'Das Bleicrzvorkommen bei Lintorf,' Korrespondenzblatt
des naturhistorischen Vereins fiir Rheinland und Westfalcn, 1880, p. 60.—v. Groddeck.
'Uber die Erzgange bei Lintorf,' Zeit. fiir Berg- Hiitten- und SaUnenwesen, 1881, XXIX.

^ Gesellschaft fiir Bergbau, Blei- und Zinkfabrikation zu Stolberg und in Westfalen.
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p. 201.—ScHRADER. 'Die Selbecker Erzbergwerke,' Korrespondcnzblatt des naturhisto-

rischen Vereins fiir Rheinland und Westfalen, 1884.—v. Schwarze. Zinkblende- und
Bleierzvorkommen zu Selbeck, 1886.

—

Kuppers. 'Die Erzlagerstatten im Bergrevier

Werden am Rhein,' Slitteihingen aus dem ilarkscheiderwesen, 1892, VI. p. 28.—H. E.

BoEKER. ' Die Mineralausfiillung der Querverwerfungsspalten im Bergrevier Werdenu.s.w.,'

GlUckauf, 1906.—E. ZiiniERMAxy II. ' Kohlenkalk und Culm des Velberter Sattels im

Siiden des westfaUschen Karbons,' Jahrb. d. k. pr. geol. Landesanst., 1909, II. p. 369.

South of the Westphahaii coalfields, upon the Velbert anticline and

another Devonian anticline adjoining to the north, these antichnes pitching

east under the Carboniferous, occurs a series of metalliferous mines which

unfortunately are no longer in operation. These occur not only in the

Devonian beds of the anticlinal core but also in the Carboniferous lime-

stone, the silica-schist and alum-slates of the Culm, and in the Millstone

Grit. The situation is shown in Fig. 11. The country-rock on the anti-

clinal limbs strikes north-east, or roughly at right angles to the lodes.

These latter are particularly interesting in that they represent the

south-easterly continuation of the transverse faults found in the Rhine-

Westphalian coalfields. Between these faults and lodes there exists no

difference other than that while the latter are in greater part filled wdth

ore and gangue, the former carry but little ore.

The extension of the lodes along the strike has in some cases, as for

instance with the Lintorf main lode, been proved for several kilometres.

The ^ndth similarly may be several metres. The separation between lode

and country-rock is generally ill-defijied, particularly at Selbeck.

The ore consists of galena, which is very pure and carries but little

silver, of sphalerite to a subordinate extent, and a little chalcopyrite, while

marcasite and pyrite are abundantly present ; the gangue-minerals are

calcite, dolomite, some barite, and quartz, while in addition fragments of

the country-rock are fairly common. The presence of barite is interesting

in that these lodes are, comparatively speaking, far from the main

barite zone of Westphalia, the occurrence of which zone aromid Gladbeck,

etc., is doubtless referable to the presence of Zechstein and Trias in that

locahty. Genetically, the country-rock, and particularly the alum-slates,

probably played a material part in the ore-deposition.

IMining operations in this district have this technical interest, that the

transverse faults crossing the Ruhr and the Rhine carried so much water

from these rivers that work had to be stopped. At times the pumps had

to raise considerably more than 100 cbm. per minute.

Pribram in Bohemia

LITERATURE
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This silver-lead district is centred around the towns of Pribram and

Birkenberg on the left bank of the river Moldaii to the south-west of

Prague. The country consists of Lower Silurian grauwacke,^ known

by the geological department as the Pribram slates and sandstones,

which about 3-5 km. to the south-east of Pribram give place to granite

and phyllite. The lowest member of this grauwacke formation is

known as the first slate zone. Upon this lies the first sandstone zone,

which exhibits synclinal bedding, in consequence of which its westerly

dip changes gradually to a steep dip to the east. Then in upward sequence

comes the second slate zone, which is arranged fan-like, its beds dipping

first to the east and then to the west. This in turn is overlaid by the

uppermost member, the second sandstone zone, which dips gently to the

west. Beyond this last zone and still towards the centre of the great

Bohemian Silurian syncline, the Jinec beds follow conformably.^

The rocks of the slate zones are argillaceous-quartzose, argillaceous-

micaceous, very fine-grained, and compact slates, the hardness of which

depends upon the proportion of quartz present. The rocks of the sand-

stone zones, on the other hand, are generally grauwacke-sandstones,

developed sometimes as conglomerates with quartz pebbles and quartzose

or quartzose-argillaceous matrix, and sometimes as more or less fine-grained

sandstones. The matrix is variously coloured, in consequence of which the

individual beds of the sandstone zones present a variety of appearance.

According to Grimm, the deposition of the first sandstone followed

immediately after that of the first slate, the tw^o zones at contact

merging into one another. On the other hand, the contact of the first

sandstone with the second slate above, is marked by a clay-parting, while

along the contact above this again, a sulphide seam was encountered.

While this latter is of little significance, the clay-parting forms roughly

the north-west boundary of the metalliferous district, and is from one to

several decimetres in tluckness. It strikes north 60° E. and dips 70° to

the north-west. The parting itself is filled with a dark grey to deep black

stiff clay and fragments of country-rock. The beds of both zones strike

with this parting, but dip in the opposite direction.

1 The ifitage B of Barrandc. « The Etage C of Barrande.
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All these zones are intruded by many dykes and bosses of greenstone,

which strike from north 15° W. to north 30° E. and are in two series, the

Hate and Birkenberg series respectively. With these dykes the lodes

are intimately associated. The greater number and the best, either

follow the greenstone in strike and dip, or occur within it or in its

immediate vicinity, often in fact at the contact of slate and sandstone.

Fig. 341.—Geological map of the Pribram district. Scale, 1 : lnO.OOO. J. Schinid.

For short distances only do these lodes cross the bedded rocks, and then

only to return to the greenstone again. In addition to the dykes accom-

panied by lodes there are others not so accompanied, and others again

which are associated with calcite fissures. In no case has any sort

of relation been estabhshed between the width of the dyke and the

mineralization of the lode found accompanving it.

The lodes are either lead-silver lodes or ironstone lodes. While no

work is now done upon the latter, the developments upon the former
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may be said to be excellent. The most important lodes are found in the

first sandstone zone, those of ironstone occurring upon the flat synclinal

limb to the east, while those of lead are limited to the steeply dipping

limb to the west. Along such fissures as cross both limbs the passage

from one class of lode-filling to the other is gradual. Among the lead

lodes those at Birkenberg are the most important. There within a space

of 600 m. fourteen greenstone dykes having a total width of 124 m., and

nine lodes, have been exposed, some of these latter having been followed

for over 1000 m. along the strike and more than 1100 m. in depth, the

width being sometimes as much as 10 metres. In the neighbourhood of

the clay-parting the lodes split up.

The principal ore consists of argentiferous galena with sphalerite,

siderite, and pyrite ; and the gangue of calcite, dolomite, quartz, and

barite. Less frequently, tetrahedrite, pyrargyrite, proustite, stephanite,

native silver, boulangerite, jamesonite, and bournonite, are found. In

the poor zones the lode-filling consists essentially of sphalerite, siderite,

and calcite, together with fragments of the country-rock and argillaceous

schistose material. Although the ore often displays crustification its

structure in general is subject to great variation. The term ' lean

ore '
1 is applied to those light to dark grey, fine-grained to compact

quartzose masses throughout which galena, pyrargyrite, proustite, native

silver, stephanite, tetrahedrite, bournonite, boulangerite, etc., are finely

distributed. One analysis showed such ore to contain 17-56 per cent of

galena with 0-26 per cent silver, 4-79 per cent sphalerite, 17-11 per cent

siderite, and 47-65 per cent of quartz. In the Johanni lode, a north-west

lode near the Anna shaft, pitchblende occurs in small aggregates of kidney

shape and hazel-nut size, along a 2-5 cm. streak in the foot-wall.

The only observed influence of the comitry-rock upon the lodes is that

solid and tough rocks appear to have resisted the formation of the original

fissure. The effect produced on the comitry-rock by the lodes themselves

is a limited bleaching and a slight impregnation \^ith small particles of

ore, for a width of 10 cm. at most. The lodes of the first slate zone

are of no great importance. Those of the second are interesting in

that the form of the fissure is different from that in the first sandstone

zone to the east, this difference being probably referable to the different

character of the two rocks. The Birkenberg lodes, occurring chiefly in

the first sandstone zone, extend to the clay-parting, beyond which, as

illustrated in Fig. 341, they continue in the slate in the hanging-wall of

that parting. In the second sandstone zone no lodes at present are being

worked ; such as there are contain poor ore, that is, sphalerite, galena, and
a little tetrahedrite, with quartzose gangue, in disconnected ore-bodies.

1 Diirrerz,

VOL. II O
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Concerning the silver content of the galena, Hofmann has published

much detailed information. ^ It was formerly supposed that the silver

in the Adalbert main lode between surface and depth increased from 0-07

to 0-7 per cent, equivalent to 0-063 per cent per 100 metres. The more

careful determinations of Hofmann upon clean material have however

Section shelving relation of greenstone dykes—hatched—to the lodes.
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Fk;. 342.—Lode sections at Pfibram. J. Schniid.

demonstrated that with few exceptions the lead content remains practi-

cally constant at 77-5-82-5 per cent for all horizons, while neither the

silver content nor the antimony content, which vary between 0-31 and
0-G75 per cent, and between 0-32 and 0-86 per cent respectively, show rule

or regularity in their variation. The depths over which his investio^ation

relative to the silver was made, extended from 310 m. to 1099 metres.

Osierr. Zeit. fUr Berg- und Hiittenwesen, 1906.
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Another interesting fact in connection with the galena of the Adalbert

main lode is that it contains tin, the amount varying between 0-02 and 0-2

per cent. This tin content, according to Hofmann, is presumably referable

to the presence of stannite ; it continues almost to the depth of 1100 metres.

The earliest available records of mining operations at Pribram date

from the beginning of the sixteenth century. In the year 1900 the ore

won amounted to 300,000 tons, from which a concentrate representing

7-5 per cent of the whole was obtained, this concentrate on treatment

having yielded 40,000 kg. of silver and about 5000 tons of lead. In 1910

the output was 47-7 tons of fine silver, 3390 tons of soft lead, 596 tons of

antimonial lead, 155 tons of zinc ore, and 50-5 tons of antimony ore. The

Adalbert shaft is now approximately 1100 m. deep.

The Lodes at Linares, Spain
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Garon. ' Bericht iibcr eine Instruktionsreise nach Spanien im Jahre 1878,' Zeit. fiii-

Berg- Hvitten- und Salincnwesen, 1880, XXVIII.

—

Pedro de Mesa y Alvarez. ' Memoria
sobre la zona minera Linares-La Carolina,' Revista Minera. Madrid, 1889.—A. O. Wittels-
bach. ' Fragen und Anregungen, die sich an das Auftreten der Erze im Gangrevier La
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tribution a I'etude des filons de galene de Linares,' Revue universelle des mines (4), III.,
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This very important lead district, 35 km. long in an east-west direction

and 30 km. wide from north to south, lies to the south of the Sierra Morena.

Geologically it consists of several granite plateaus situated north and east

of Linares, which rise like islands through Cambrian and Silurian beds,

over which in turn others of the Triassic and Miocene form a more recent

covering.

In so far as the ore-deposits are concerned the granite comes most into

question, the Palaeozoic beds having but little importance in this respect.

The deposits are most numerous in the granite mass occurring immediately

north of Linares, the lodes there being almost exclusively in the granite.

The smaller occurrences around La Carolina and St. Elena lie farther

to the north-east, around and within another granite mass. Finally,

another occurrence is found at Arquillos east of Linares, the lodes there

being also found chiefly in granite. Altogether some 1200-1300 deposits

are known, 300 of which were being worked in 1903.

The granite, which is the principal country-rock, has the most varied

composition and texture. Granulite is common. The Cambrian and
Silurian beds resting upon these eruptive rocks consist of clay -slate,

quartzite, arkose-sandstone, and grauwacke.
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The strike of the powerful lodes occurring in the granite north of

Linares is north-east, with a dip of 75°-90° to the north-west. A few, and

these of poor content, strike east and dip south. The La Cruz and Ala-

millos lodes, the positions of which are indicated in Fig. 343, are known

Fig. 343.—Map of the Linares lode disti-ict, shewing the positions of Arquillos,

La Carolina, and St. Elena. Chalou, Revue universelle des Mines.

for 4-6 km. along the strike. The width usually varies up to 2 m., though

where a lode is much split it may be as much as 8 metres.

The most important ore is galena, which contains silver up to about

100 grm. per ton ; sphalerite, pyrite, and chalcop}Tite are less important.

Quartz is the principal gangue, dolomite, barite, and siderite being more

uncommon. Fragments of the granite sometimes form a considerable

portion of the lode-filling. The copper minerals are somewhat enriched near

the surface ; at La Cruz such copper ore was formerly mined. Although
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in the lode the galena occurs as solid masses, the distribution of these is by

no means regular. In the principal mine of Arrayanes near Linares, for

instance, ore-bodies of more than 100 m. in length and 1 m. in width

alternate with stretches of poorer ore.

At Arquillos, the principal lodes, Las Prolongas and Santa Agueda,

like\A'ise strike north-east and dip at a steep angle, to the north or to the

south. In width they hardly ever exceed 1-75 metres. The lode-filling

is similar to that at Linares, described above.

The lodes at La Carolina and St. Elena, which traverse both slate and

granite, generally strike north-west. With these also the principal ore is

galena, wliile sphalerite is subordinate. Chalcopyrite and pyrite are more

common. Quartz is the principal gangue-mineral, then barite, A com-

parison of the silver content with that of the occurrences at Linares is

interesting ; here it is 600-1000 grm. per ton, or six times as much as at

Linares. In depth however it decreases steadily. The average silver

content of the entire district is 180 grm. per ton.

This district reached its zenith in 1889, having in that year produced

118,325 tons of lead. In 1909 the production was 78,848 tons, valued at

about £400,000, or almost three-fifths of the lead production of Spain.

THE RADIO-ACTIVE URAlJ^IUM LODES

On account of the close and pai-ticular association of radium with pitch-

blende, which mineral is found sometimes ^vith tin ores and sometimes

\nth silver-, silver-gold-, and other ores, the radio-active deposits come

within the study of ore-deposits.

Traces of radium are found in the earth's crust, both in the solid rock

as well as in the circulating water ; a slight radio-activity for instance may
be fomid in almost all household water. As far as our knowledge of radio-

active deposits goes, radium is exclusively associated ^nth uranium. All

radium lodes are found in granite districts or in slates which have been

highly altered by the intrusion of granite. Radium-bearing thor-uranium,

including the two minerals broggerite and cleveite, and other radium and

uranium minerals such as fergusonite, are found in the granite-pegmatite

dykes of Norway and other countries. Radium and uranium are therefore

acid elements.

Fluorite is found not only in uranimn-beaiing tin lodes but also in

lodes, such as those at Joachimsthal, which contain no tin. In all cases

however, those in Cornwall included, the close association of uranium

ores with sulphide silver ores, less frequently with those of silver-gold,
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copper, cobalt, and nickel, is remarkable. Although it is only in Cornwall

that tin ores occur with uranium, in other uranium districts such tin ores

are found in neighbouring lodes.

From present experience it may therefore be said that those sulphide

ores which appear ^^^Lthin or in the neighbourhood of tin-bearing granite

are possible uranium ores. It is noteworthy that lodes Avithout sulphide

ores but ^vith only uranium-mica, do not appear to be promising ; should

however this mica change in the primary zone to pitchblende, the deposit

becomes promising.

According to the latest researches, and particularly the recently

published quantitative determinations of Mdlle E. Gleditsch in the

laboratory of Madame Curie at Paris, the relation between radium and

uranium with most minerals is practically constant. Thus, ^\^th the

uranium-rich pitchblende of Joachimsthal and of Cornwall, the allied

uranium-rich minerals broggerite and cleveite of the Archaean pegmatite

dykes of Norway, and the uranium-poor minerals fergusonite, samar-

skite, etc., found also in pegmatite dykes, this relation A^aries between

1 part of uranium to 3-21 x 10"'^ and 3-64 x 10^', or approximately 1 part

of radium to 3 milhon parts of uranium. With carnotite the potassium-

uran-vanadate, autunite the potassium-uranium mica, and chalcolite the

copper-uranium mica—these two last being uranium phosphates, while all

are to be regarded as often, if not always of secondary formation—the

proportion of radium is occasionally relatively lower than this. It is

remarkable that the relation between radium and uranium in the broggerite,

cleveite, and fergusonite of the Archaean pegmatite dykes of Norway, etc.,

varies but little from that obtaining in the pitchblende of the late

Carboniferous or Permian lodes of Cornwall, or from that of the approxi-

mately contemporaneous lodes at Joachimsthal.

Concerning primary and secondary depth- zones, mth ordinary

uranium ores it has been observed that uranium ochre and uranium

carbonate are both exclusively secondary, that uranium-micas are some-

times primary and sometimes secondary, while pitchblende is entirely

primary. At Joachimsthal it may be demonstrated that the pitchblende

zone represents a deeper primary zone than that occupied by the cobalt-

and nickel ores, wliile it may be expected that in a few years the nature of

primary zone which lies deeper still, Anil be disclosed in the State mines.

Limited occurrences of uranium, such as are repeatedly found with

the silver-lead- and dolomite-lead lodes at Freiberg, are to be distinoiiished

from those which contain uranium in such amount as to be worked
especially for that metal. Of such uranium deposits two classes may be

formulated, the uranium-tin lodes and the uranium-silver lodes, with or

without cobalt and nickel.
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1, The Uranium -Tin Lodes of Cornwall

literature

D. A. MacAlister. ' Geological Aspect of the Lodes of Cornwall,' Econ. Geol. Vol.

III., July-Aug. 1908, No. 5.—C. Schiffnee. Radioaktive Wasser in Sachsen, Freiberg,

Part 1, 1908; and Part 2, 1909.—P. Kkusch. ' Uber die nutzbaren Radiumlagerstatten

und die Zukunft des Radiummarktes,' Zeit. f. prakt. Geol., 1911, p. 8.3.

The uranium-tin lodes of Cornwall and South Devon have been closely

studied. In this district, a description of which has already been given,

^

pitchblende has beendemonstrated to be present in several tin- or tin-copper

lodes, which in general are distinguished by abundant tourmaline and

which occur partly within and partly in the vicinity of granite. The

uranium mine at Grampound, which is associated with the third granite

mass reckoned from the east,^ is particularly rich in uranium ore, of which

it produces on an average some 20-30 tons yearly. From 1896 to 1906

the output, which in 1907 was 72 tons, varied between 6 and 105 tons, this

wide range indicating the irregularity of the ore. These figures, it must

be noted, are not on a basis for comparison with those of other districts,

since the percentage of uranium contained is not given.

2. The Uranium-Silver-Nickel-Cobalt Lodes at Joachimsthal,

Bohemia

LITERATURE

Fr. Babanek. Beschreibung der geologisch - bergmannischen Verhaltnisse der

.loachinisthaler Erzlagerstatten in geologisch-bergmannische Karte mit Profilen von
Joachimsthal u.s.w. Vienna, 1891.—J. Step inid F. Becke. ' Das Vorkommen des

Uranpecherzes zu St. Joachimsthal,' Sitzungsbericht der Akademie der Wissenschaften,

Vol. CXIII. Pait 1. Vienna, 1904.—P. Keusch. ' Uber die nutzbaren Radiumlager-

statten und die Zukunft des Radiummarktes,' Zeit. f. prakt. Geol., 1911, p. 83.

Lodes carrying uranium have long been known in the Bohemian

and Saxon Erzgebirge, the number of late years, in consequence of

the attention turned to radium, having considerably increased. The

occurrence around Joachimsthal, which is the richest and has been

most studied, is particularly important. It is worked partly by the State

and partly by the Edelleutstollen Gesellschaft. It occurs in a crystalline

schistose country closely associated with granite and consisting principally

of gneiss, mica-schist, amphibolite, etc. The so-called Joachimsthal slates

are regarded as particularly rich in uranium ore.^ Of these, the relation

between the petrographically differing complexes does not appear to have

been sufficiently determined to allow any statement of relative age to be

formulated.

1 Ante, pp. 431-436. 2 j^^te, p. 432. » Ante, p. 682.
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The lodes, of which there are a considerable number, form two separate

systems, one striking north-south and the other east-west. While the

latter generally complete their length without disturbance, the former

are in most cases fomid in displaced sections. The investigation of Krusch

upon the property of the Edelleutstollen Gesellschaft showed that lode

deflections and not faults were the cause of this discontinuity, and that the

east-west lode-system was older than the north-south. The irregularity in

the direction in which the sections of the north-south system are displaced

is thus explained.

Generally the north-south lodes are richer than the east-west. Silver-,

cobalt-, and nickel ores are frequent. With these ores pitchblende occurs,

equal in value though less in amount. It was formerly supposed that the

pitchblende was exclusively Umited to the north-south lodes ; recent

developments however have established its presence in the east-west lodes

also, though these remain substantially poorer in uranium than the north-

south.

With the north-south lodes carbonates form the greater portion of

the gangue ; with the east-west lodes quartz occurs in addition. According

to Step and Becke the sequence in age is : quartz, the oldest, uranium ore

and dolomite, the youngest. It is interesting and characteristic that near

the aggregates of pitchblende both the dolomite and calcite become

reddish brown in colour, a fact of use as an indicator to the occurrences

of pitchblende, these often being quite isolated.

Pitchblende is often more abmidant at the intersections of the east-

west with the north-south lodes. Frequently the uranium ore is found in

close association with slate ; in such cases it occurs either as the oldest

crust enveloping a fragment of slate, or separated from the slate only by

an earher crust of quartz, an observation which appears to ha\ e been first

made by Step.

In general the sidphide and sujph-arsenide silver-, cobalt-, and nickel

ores represent a higher primary zone than the uranium ores. As before

mentioned, it is probable that within the next few years it \\-ill be

ascertained, at least at places in the State mines, what primary zone follows

the uranium ores in still greater depth.

The pitchblende is not regularly distributed throughout the lode, but

occurs in veins and lenses in closest association with the brown or reddish-

brown carbonates. It is also frequently foimd impregnated in slate, such

impregnation having proceeded from fractures.

At Joachimsthal, exact determinations are available not only of the

uranium content of the ore but also of its radio-activity. This latter varies

fairly regularly with the m-anium content, being usually, according to the

investigations of Professor H. W. Schnudt of Giessen, between 0-233 and
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0-373 mgrm. per kilogramme of pitchblende. It may be said that 1 kg.

of pitchblende, containing 60 per cent of UgOs, develops a radio-activity

corresponding to 0-333 mgrm. of radium bromide, popularly known as

radium.

These mines are in the position to produce annually 14-20 tons of ore ^

containing on an average 55 per cent UgOg. It is noteworthy that the

ore is treated first for uranium products which do not contain radium.

The radium therefore becomes concentrated in the residues which in

consequence possess a radio-activity three or four times that of the

original ore.

3. Uranium-Silver-Gold Lodes, Gilpin County, Colorado

LITERATURE

Forbes Rickard. ' Notes on the Vein-Formation and Mining of Gilpin County,

Colorado,' Trans. Amer. Inst. Min. Eng., 1898, p. 108.

This highly metamorphosed district consists of gneiss-granite, granitite,

protogine-granite, granulite, felsite, and pegmatite, with all intermediate

gradations ; and of mica-, talc-, and hornblende-schists with well-defined

schistosity. A point of interest in this rock-assembly is, that the gradual

passage of granite through gneiss to schistose rocks may be observed.

The lodes, which belong to the young gold-silver group,^ are true fissure-

filHngs ; along their planes some little faulting has in many cases taken

place. The separation from the comitry-rock is usually well defined and

sharp. The lode-filling is characterized by a considerable gold-silver

content, these two metals being so arranged that a western zoiie con-

taining gold more particularly, may be differentiated from an eastern

zone containing silver, though all gradations from one to the other

are found. According to the strike two intersecting systems may be

distinguished, one striking east and the other north-east.

The ore generally consists of argentiferous and auriferous pyrite and

some chalcopyrite, with felspar and quartz as gangue. Smelting ore,

consisting of compact pyrite vnih some chalcopyrite, is usually kept

separate from milling ore, which is a white or yellow mixture of felspar and

quartz impregnated with the same sulphides ; the weight relation between

these two classes of ore is roughly as 1 : 20. Native bismuth and arsenic,

though they occur, are uncommon ; the former is often associated with

tetrahedrite. Arsenopyrite and other arsenical ores likewise occur. The

presence of tellurium, apparently in connection with the gold, is significant.

The occurrence of pitchblende is just as definite as that of the other primary

1 Ante, p. 682. ^ ji^te, pp. 556, 557.
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ores, though, its distribution is very irregular. It is found and exploited

particularly in the Wood and Kirk mines at Leavenworth Gulch.

Changes in the lode-filling have here been observed to be coincident

with change of dip, such changes being followed sometimes by enrichment

and sometimes by impoverishment, the general impression being that the

deposits when steeper are poorer. Intersections of lodes of the two systems

are usually associated with enrichment ; not infrequently a sort of pseudo-

intersection or deviation is observed where, shortly before the two lodes

come together, they diverge again.

With some of these lodes the maintenance of the gold-silver content

in depth is remarkable. It would appear as if the fissure-fillings, whether

at the surface they were rich or poor, maintain their character in depth.

If such be the case, then the cementation and oxidation zones can have

caused no material migration of the metal content. The former reaches

generally to but 40-80 feet from the surface, though exceptionally, as in

the Carr mine, it may reach as much as 200 feet. The tetrahedrite is

probably to be regarded as a cementation ore.

It is worthy of remark that several tons of uranium ore from the Wood
mine were sold to Swansea, England, in the early days of uranium produc-

tion, where they fetched a high price ; with a larger output following a

larger demand, a considerable profit might therefore be obtained. Generally

however the pitchblende ore of Gilpin County is not rich, and the United

States therefore is under the necessity of importing uranium salts.

Concerning the radium production, at present only the deposits at

Joachimsthal may be expected to produce regularly. Experience has

showTi that the pitchblende treated gives approximately one-third of its

weight as residue. In the future these deposits \dll presumably be in a

position to deliver yearly 1-8 grm. of radium salt of maximum activity,

of which the present price for 1 grm. is approximately £16,000. Radium,

that is to say, its salt, differs from the ordinary metals in that practically

speaking it is not consumed by use, while with all ordinary metals a

considerable proportion disappears annually. With radium therefore a

regular production means an equally regular increase in the amount of

radium available. It is of interest to learn that Madame S. Curie recently

succeeded in producing the element radium.
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The formation of the metasomatic lead-silver-zinc deposits has already been

discussed in the introductory portion of this work. We know that these

occurrences are associated with easily alterable limestones and dolomites,

and that they are limited to no particular geological age. The primary

ores of this class were formed by a metasomatic replacement of limestone

and dolomite by galena and sphalerite, such replacement only very ex-

ceptionally being complete. It is generally the case that a more or less

far-reaching impregnation has proceeded from channels along which heavy-

metal solutions obtained access, such channels being either transgres-

sive fissures, bedding-planes, or joint-planes. Apart from this primary

formation, the secondary processes of oxidation have often led to extremely

important concentrations of the primarily deposited heavy minerals.

In the chapter upon ores it was explained that at oxidation galena

became changed to oxidized lead ores, and sphalerite to oxidized zinc ores,

and that among these the carbonate and silicate of zinc played an especially

important part in lead-zinc deposits. Galena and sphalerite however do

not vnth equal ease become altered to their respective oxidation products
;

when the zinc sulphide has become completely altered to the carbonate

and siUcate, but a small portion of the galena has been altered to anglesite,

cerussite, etc., the larger portion remaining still undecomposed. While

with the other lead-zinc deposits the oxidation zone plays no great part,

with the metasomatic occurrences it often forms the principal ore-bodies.

A cementation zone is usually only present in so far that the galena in that

zone is more argentiferous than the ore of the primary zone, which in most

cases is unpayable. With these deposits therefore arises the singular case

of the oxidation zone forming the actual useful deposit.

This secondary concentration, particularly of the zinc content in meta-

somatic deposits, results in greater part from ' oxidation-metasomatism.' ^

Krusch understands by this term the subsequent replacement of the

comitry-rock by the action of those heavy-metal solutions which were

1 Krusch, Zeit. f. prakt. Geol., 1910.
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formed in the deposit by the entry of oxygenated meteoric waters.

If limestone form the comitry-rock this hmestone by such solutions

is metasomatically changed to ore. If this process long continue and
large quantities of metal thus be brought to one particular limestone bed,

a richly metalliferous deposit may be formed even when the primary
occurrence was poor in heavy-metal. It is easy therefore to realize that
in the formation of the metasomatic lead-zinc deposits oxidation-meta-

somatism is of more than ordinary importance. Since neither the primary
nor the secondary alteration of the limestone has anything to do vnth. its

geological age but these alterations depend entirely upon certain chemical-

geological properties of the rock, it is often the case that in a limestone

formation only particular layers have been transformed to ore, these layers

being hmited above and below by others not suited to such transformation.

When studying such deposits the stratigraphist who has busied

himself little with the science of ore-deposits is very liable to lay stress

upon the conformity, and to regard the deposits as ore-beds, conformity
being the essential characteristic of such beds. With metasomatic deposits,

on the other hand, from the manner of their formation, an association with
limestone and dolomite is the principal characteristic. In all districts there-

fore where these two rocks are uncommon or confined to one particular

geological horizon, such deposits if formed must exhibit a certain conformity,

though they are essentially epigenetic. This conformity being generally

qualified and limited may be best described as a pseudo-conformity.

The relation between the mineralization and dolomitization is particu-

larly interesting. Although with some metasomatic lead-zinc occurrences

the ore occurs exclusively in limestone ^^-ithout dolomite, this latter rock

is often present, sometimes even to the exclusion of hmestone. The
existence of this dolomite as the result of the dolomitization of limestone,

may often be established, such dolomitization being effected by the meta-
somatic action of solutions containing COg and MgCOg upon the limestone.

The extent of such dolomitization in nature is sometimes stupendous and
expressive of one of the most far-reaching chemical-geological phenomena
known.

In many cases the dolomitization shows itself to be somew^hat older

than the mineralization, so that two stages in the ore-deposition may be

distinguished, namely, the metasomatic replacement of the limestone by
dolomite, and the metasomatic replacement of the dolomite, chiefly by
galena and sphalerite. Even in such cases however, the time-interval

between these two stages was probably so small that they may be con-

sidered as part of one and the same chemical-geological phenomenon.
Concerning the shape of the deposit, two types of metasomatic deposit

are usually distinguished, namely, that with complete alteration of the
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original rock, when the shape greatly resembles that of a bed, as often

happens with metasomatic iron deposits ; and that with incomplete

alteration, when the tendency is to form ore-bodies following the channels

of access ; such deposits may either exhibit transgressive bedding, or

they may follow the bedding-planes or joint-planes.

To the second type many of the metasomatic lead-zinc deposits belong,

and it is therefore easily miderstood that rich concentrations of ore are

fomid more particularly where two channel-systems intersect. Though
science may formulate types. Nature expresses herself in gradation. Cases

of metasomatic lead-zinc deposits do occur where individual layers have

in places been completely altered to ore, as for instance in the Beuthen

and Tarnowitz synclines in Upper Silesia. With such as these the

question has always arisen whether they were sedimentary ore-beds, or

whether they were metasomatic occurrences where one bed had been

completely mineralized. In any particular case this cjuestion can only

be settled when, as was the case a few years ago in Upper Silesia, the

channels along which the solutions rose, are discovered.

In those cases w^here limestone alternates with slate the ore generally

becomes deposited at the contact of these two rocks, particularly when
the lower bed is slate, which being impermeable prevents the further

descent of the solutions and holds them in long contact -with the lime-

stone. Should the solutions in such cases finally escape along faults, the

intersections of such faults with the limestone-slate contact would be

particularly good places to look for ore. Generally therefore the shape

of the lead-zinc deposits is irregular. When prospecting for these meta-

somatic occurrences it is accordingly well to remember that on the one hand
they are associated with the distribution of limestone, and on the other

with zones of fracture and disturbance. This association is illustrated in

Fig- 6.

Concerning extension in strike and dip, no generally appHcable rule

can be formulated. It is realized that fissures of great length are usually

also of great depth, nevertheless, the metasomatic deposits though closely

connected with fissures need by no means occur along the whole extent

of such fissures. Not infrequently these deposits are associated with

irregular cavities which, formed before the ascent of the metal solutions by
meteoric waters rich in carbonic acid, afterwards became filled \vith ore.

The distribution of these cavities or chambers often appears to be capricious

and conformable to no law.

The indications of metasomatic lead-zinc deposits at the surface are

of great importance in prospecting and exploration. Where the limestone

is not covered by thick detritus, they are relatively easily discovered by
means of the distinctive colouring to which they give rise. The sulphides
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of lead and zinc always contain more or less iron, which by oxidation is

converted to limonite. Since, in addition, pyrite and marcasite are gener-

ally present and these also become altered to limonite, the limestone in

the neighbourhood of such a deposit is often transformed by oxidation-

metasomatism into iron ore. In but few cases is the deposit quite free

from iron, or without galena, or with the zinc sulphide represented by

white schalenblende—fine-grained wurtzite or sphalerite, or a mixture of

both minerals, generally exhibiting highly developed crusted structure.

In such cases it would be difficult at first to recognize the zinc deposit.

When therefore in limestone districts masses more or less earthy and

remarkable for their high specific gravity occur, it is ad^dsable to look

for zinc. The flame coloration test would then be sufficient.

The filling of the metasomatic lead-zinc deposits so far as ore is con-

cerned, consists chiefly of zinc sulphide, galena, and p}T:ite or marcasite.

The zinc sulphide occurs both in the form of sphalerite as also often in

that of schalenblende ; indeed, the comparative study of the world's zinc

deposits shows that schalenblende is almost limited to deposits of this

type. It is noteworthy also that this mineral is not onl}^ found as a meta-

somatic product associated with the alteration of limestone, but also as a

chamber-fllling. What property of the solution, or what particular circum-

stance of precipitation caused the zinc sulphide to be precipitated as schalen-

blende in metasomatic deposits, while in lodes sphalerite is almost exclusively

found, has not yet been possible of determination. The colour of schalen-

blende, hke that of sphalerite, varies in proportion to its iron content.

It is interesting that with schalenblende particularly, whitish or very light

coloured layers are often found practically free from iron. Since with

these metasomatic deposits schalenblende is usually more abundant than

sphalerite, the oxidized ores associated with them have chiefly resulted

from this form of zinc sulphide ; schalenblende is also apparently more

readily changed to cellular oxidized ores than is sphalerite. Concerning

pyrite and marcasite, it is noteworthy that with these deposits marcasite

occurs strikingly often and sometimes in large quantity, while pyrite on

the other hand recedes. All other ore-minerals are subordinate.

Among the gangue-minerals barite is the most common. Since this

mineral is also characteristic of the metasomatic occurrences of other

metals, it must doubtless be referable to the barium content of the altered

limestone. As was pointed out in the chapter on mineral formation, the

smallest amount of barium in the presence of sulphuric acid suffices in the

course of time to build up the largest masses. That calcite is frequent

and often occurs as the youngest filling, is natural, in \dew of the calcareous

nature of the country-rock. The occurrence of blue anhydrite in some

of these deposits is particularly interesting.



THE METASOMATIC LEAD-SILVEK-ZINC DEPOSITS 721

The most common rock inclusions are of limestone and dolomite.

Experience of these deposits has taught that such inclusions, even A^ith

incomplete alteration of the primary bed, can in themselves constitute

ore-deposits. On the other hand, when fissure-systems of different strike

and dip intersect, at such intersections blocks of limestone more or less

large may become involved as rock inclusions and yet be in their original

position and remain unaltered.

Everything considered, it may be said that the particular character-

istics of the filling of these deposits are, the preponderance of oxidized

zinc ores ; the occurrence of the primary sulphides, schalenblende, and

marcasite ; and the occasional presence of anhydrite.

In addition to these differences between the filling of the metasomatic

lead-zinc deposits and that of lodes, there are others no less definite in the

manner the minerals and rocks forming these deposits are intergrown.

With the metasomatic deposits the most perfect examples of crusti-

fication are met, such as were formed when metal solutions entering

cavities deposited ore all round the walls. In addition, concentric crusti-

fication of stalactitic and stalagmitic growth, each outside layer being

younger than those inside, is found. In the arrangement of the different

crusts the frequent alternation of sclialeiiblende with marcasite, such as

is illustrated in Fig. 125, is striking. The wide distribution of a cellular

structure is also worthy of notice, such structure resulting when schalen-

blende is altered to cellular oxidized ores. Finally, a pseudo-brecciated

structure, resulting from the above-described imperfect alteration of the

limestone to ore, is extensive and frequent.

The oxidized iron ores which now and then make their appearance in

payable quantity in these deposits, owe their formation to the decomposi-

tion of the marcasite or pyrite.

Primary depth-zones play little part with many of these deposits, since

often the oxidation zone only is mined, the primary zone being workable

in but few cases. It must however be particularly remarked that, as

with the lodes, where work is undertaken in the primary zone, an upper

zone of lead ore may occasionally be distinguished from a deeper zone of

zinc. This, for instance, is often the case in Upper Silesia, where in many
mines two beds are worked, whereof in isolated cases the upper carries

galena chiefly wliile the lower carries sphalerite, the intervening limestone

having apparently been unsuited to any such alteration. The part

played by secondary depth-zones in metasomatic deposits was particularly

mentioned at the beginning of this description, when discussing the

formation of these deposits.

The silver content deserves one or two remarks. Since mining in

most cases proceeds in the oxidation zone only, and the primary deposits
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are relatively but little worked, the silver content of these ores is subject

to great fluctuation. The oxidation zone is usually poor in silver, and

consequently in many cases but little of this precious metal is found in

oxidized deposits. The silver content is occasionally higher in districts

where primary ores are mined, the galena of Upper Silesia for instance

having a high silver content. In such deposits it fluctuates in like manner

to its occurrence in the galena of the sulphide lead-zinc lodes.

The geological age of the altered limestone, as will be seen from the

following statement, varies greatly :

Locality or Name of Deposit.
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Upper Silesia
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The lead-ziuc ores of Upper Silesia occur interbedded in the Muschel-

kalk, the limestone division of the great German Triassic basin. This lime-

stone forms a belt 10-20 km. wide and more than 80 km. long, which, strik-

ing east-west, extends from Krappitz on the river Oder, through Gogolin

to Olkusz in Russian Poland, along which extent its surface continuity

is in places broken by coverings of younger beds. On the other side of

the Russian frontier this belt turns south-east and south, in which direction

its extreme outliers are found in the neighbourhood of Czerna in Galicia.

Tectonically, it rests with gentle northern dip upon the Bunter of the

Triassic and the Rotliegendes of the Permian, these in turn lying un-

conformably upon Carboniferous beds. It is only the southern outliers

of this belt which, on both sides of the frontier as well as in Galicia, are

ore-bearing.

At Tarnowitz, the Tarnowitz syncline ^\ith a north-south strike and

some 20 km. wide, branches from the main belt. To this in turn is

attached the Beuthen syncline some 7 km. wide, which, between Mikult-

schiitz, Miechowitz, and Dombrowka, strikes sometimes east and some-

times south-east. This latter syncline, illustrated in Fig. 152, extends over

Beuthen, across the frontier to Czeladz, Bendzin, and as far as Klimontow
in Russian Poland, when after a short break it continues to Dlugosczyn and
Szakowa, situated in the synclinal subsidence of Chrzanow and Trzebinia, in

Galicia. To the north, between Ptakowitz and Stollarzowitz, an anticlinal

lift of the older beds exposes two secondary synclines, the Trockenberg to

the north and the Miechowitz to the south. According to Beyschlag and

VOL. II p
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Michael, this synclinal disposition of the beds is caused in greater part by

faulting, in which case the expression synclinal subsidence better expresses

the tectonics than would the term syncline.

The country between and around Tarnowitz, Miechowitz, Beuthen,

Scharley, and Gr. Dombrowka, embraces the principal extension of the

deposits. Smaller and less important occurrences are found in the eastern

districts wherever dolomite occurs ; in Russia at Boleslaw and Olkusz, and

in Galicia at Szakowa and Trzebinia ; the only one of these worthy of note

is that of galena and zinc oxidized ore in the Matilde mine west of

Chrzanow in Galicia.

The Triassic beds south of the large anticlinal uplift of the Coal forma-

tion from Zabrze to Myslowitz, are \\dthout apparent connection with the

occurrences now being described. In general with them no extensive

mineralization is known ; only those beds to the south of Myslowitz the con-

tinuity of which is broken by repeated appearance of the Carboniferous

basement, show in their dolomitic members any traces of ore.

In the whole Upper Silesian district the surface of the Muschelkalk

as the result of erosion is most accidented. In pre-Tertiary or early Tertiary

time running waters furrowed this limestone in the most extraordinary

manner, so that to-day, freed from the softening contours of any Diluvial

or Tertiary covering, it constitutes the feature of an extensively incised

landscape. It is probable that at that time also, waters circulating along

planes of bedding and fracture effected the alteration of particular beds of

the Muschelkalk to ore. Before, however, going more fully into this question

it is well to describe the development of that formation itself.

So far as the ore is concerned only the Lower Muschelkalk, some 120

m. thick and known more particularly as the Wellenkalk, comes into

question. This is divided into two stages, the Lower or Wellenkalk

proper, which practically coincides with the Chorzow beds in the early

classification of Eck ; and the Upper Wellenkalk, formerly known as the

Schaumkalk. The cavernous limestone formerly regarded by Eck as the

base of the Muschelkalk, belongs to the calcareous and dolomitic members
of the Upper Bunter, these members occupying a thickness of about 55

metres. The uppermost beds of the Wellenkalk proper, some 7 m. thick and

easily recognizable during development by their colour and contained fossils,

are often known as the blue floor-limestone. The Upper Wellenkalk in

Upper Silesia is variously developed ; in the Oder river district it is cal-

careous, in that of the Weichsel on the other hand it is dolomitic. In the

Beuthen, Tarnowitz, Laurahiitte, and Zabrze sections of the Geological

Survey the whole sequence of the Muschelkalk is given as follows :



726 OEE-DEPOSITS

Upper Muschelkalk, about 30 m.

Middle Muschelkalk, about 15 ni.

j'Diplopora dolomite.
Upper

I
Karchowitz beds. ) Ore-bearing dolomite

Wellenkalk
j
TerebrateUa beds. / about 75 m.

iGorasdz beds.

Wellenkalk.
Marl limestone.

Lower or Second Wellenkalk.
Wellenkalk^] Conglomerate bands. -About 45 m.

proper I Cellular limestone.

I First Wellenkalk.
^Pecta and Dadocrinus limestone.

The presence of ore is peculiar to the dolomite of the Upper Wellen-

kalk. This dolomite exhibits so many characteristics in common with

the contemporaneous calcareous beds, the Gorasdz, TerebrateUa, and Kar-

chowitz beds exposed in the Drama valley and at Mikultschiitz, that its

secondary formation from limestone along fissures carrying ground-water

must be assumed.

Contrary to experience in the Carboniferous beds below, faults have

been established only in small number in the Upper Silesian Muschel-

kalk. In addition to the frequent pre-Triassic disturbances in the Carboni-

ferous, however, younger disturbances have also undoubtedly been observed

in the Triassic and in the ore-beds, which must be regarded as the upper

continuations of similar faults in the Carboniferous beneath.

The ore-bodies, consisting essentially of galena, sphalerite, zinc carbon-

ate, zinc hydrosilicate, and marcasite, are found in the deeper portions of

the synclines, and apparently quite irregularly distributed in the altered

dolomite bed. Rich sections alternate indiscriminately with others

carrying but little or no ore. These rich sections are connected ^nth

fissures and are found not only in the neighbourhood of the strike-faults,

but particularly along the north-south transverse faults which reach to the

Coal-measures below. Often ore-bodies are found at two horizons, one

being then either immediately above the blue floor and separated from

it only by a bed of pyritic clay, or separated further by a dolomite bed

1-2 m. thick known as the floor-dolomite. The second ore-bed then

occurs in the mass of the dolomite, sometimes 20 m. above the first.

It is however regular neither in character nor position, while, as pointed

out by Althans, in the Trockenberg syncline it is entirely absent ; in fact

it only appears under especially favourable conditions, and is then always

connected ^\ith the lower bed by ore-bearing fissures.

When two beds occur no material difference in composition between the

two may be observed. Nowhere can any regular recurrence in deposition,

any fixed sequence between galena, sphalerite, and marcasite, be recognized.
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Both deposits may be purely of lead ore, as in the Tamowitz syncline, and

then seldom more than 1 m. thick and very discontinuous ; or predominat-

ingly of zinc ore, as in the Beuthen syncline, and then up to 12 m. in thick-

ness and more continuous. The whole thickness is in no case however made

up exclusively of ore, but generally of a mixture of ore and dolomite. At

the outcrop both beds appear to unite to form one body, which in places

may reach a width of 20 metres. In such cases the ore consists chiefly of a

red ferruginous zinc ore with some cerussite and earthy lead ore. When
it descends into the funnels and crevices in the limestone floor, as illus-

trated in Fig. 166, it becomes more and more clayey, the amount of iron

at the same time decreasing. On account of its lighter colour such altered

material is spoken of as white zinc ore.

Clean galena occurs more particularly in the Tarnowitz syncline but

also in the Trockenberg syncline, partly in the form of narrow compact

layers and partly as irregular masses and nests. The thickness of the ore-

bearing layer is usually about 0-25 m.to 0-5 m., though exceptionally it may
reach 2 metres. Around Tarnowitz, in the Friedrich mine for instance, a soft

galena layer is distinguished from a solid galena layer. In the former the

galena occurs as plates and masses in clay, filhng the bedding- and joint-

planes of the dolomite ; in the latter it occurs solidly intergrown with the

dolomite, either as a thin bed or as stringers and aggregates. The solid

layers represent the original condition, from which along the outcrop the

soft layers have resulted by weathering. The silver content of the galena

varies between 0-025 and 0-048 per cent. Traces of copper, antimony,

and gold have been disclosed by analyses of furnace products. The usual

associates of the galena are cerussite and marcasite, and in addition in

the Friedrich mine the rare tarnowitzite, a variety of aragonite containing

10 per cent of lead.^

The ore-bed consists of friable, earthy, finely-crystalline, and fibrous

sphalerite, or of schalenblende, the latter often appearing in stalactitic form

in layers alternating mth others of galena and marcasite. Not infrequently

a mixture of sphalerite with the carbonates of lime, magnesia, iron, and zinc

occurs, such being known as dolomitic sphalerite. This mixture is found for

instance in the Neue Helene, Cacilie, and Bleischarley mines. In addition,

the red and white zinc ores already mentioned as contaminated by dolo-

mite, clay, and iron oxide, are of great importance. Their structure and

intergrowth with sphalerite indicates their derivation from this primary

ore. Pyrite and marcasite are constant associates of the zinc, to the detri-

ment of the value of the deposit ; sometimes they predominate.

Beds of cleaner sphalerite are found on the northern limb of the

^ Websky, ' Uber die Kristallform dos Tarnowitzits,' Zeit. d. d. geol. Ges. Vol. IX.

p. 737.
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Beuthen syncline, in the Cacilie and Neue Helene mines. Such beds

rarely attain a thickness above 2 metres. They are distinguished by their

purity and the considerable amount of contained galena. At the out-

crop they are altered to red oxidized ore, some pieces of which though

outwardly identical with the others, consist of schalenblende or galena

inside. In places on this same north limb an upper ore-bed of varpng

thickness has also been worked. This Hes some 30 m. above the

sphalerite bed and reaches about 1 m. in thickness.

Around the margin of the syncline a thick bed of red oxidized ore

occurs, which in the Cacilie, Scharley, and Wilhelmine mines is in places

20 m. thick, and in the foot-wall passes over to white ore. On the south

side of the syncline also, in the Therese, Apfel, Maria, and Ehsabeth mines,

this bed, though more irregular, is almost as important. In these mines

ore is often found in funnel-shaped bodies extending downwards from

the main deposit into the Hmestone.

Beds of earthy limonite, contaminated by clay, Hme, and dolomite,

and mixed with zinc oxidized ore, galena, and cerussite, occur either as

independent layers of varying thickness, or as part of the above-mentioned

lead-zinc occurrences. Such limonite is seen more particularly in the fmmel-

shaped bodies which penetrate the limestone floor, and also at the outcrop.

In this connection it must be mentioned that the dolomite in the roof of the

ore-bed has in many places been denuded, and that loose Miocene marine

deposits or Diluvial formations now cover the bed. At such denudation

the ore-bed itself was naturally more or less eroded and disturbed.

Leaving out of consideration the theories formerly advanced that these

deposits were contemporaneous ^nth the dolomite, or that they were formed

by the concentration of metalliferous material formerly finely distributed

throughout the Muschelkalk, it remains only to more closely discuss the

present generally accepted theory of the subsequent introduction of the

ore. It may be regarded as certain that here, as with the analogous

deposits at Aachen, Wiesloch, Monteponi, Raibl, and Laurion, the ores

were originally deposited as sulphides, from which, subsequently and by

the action of circulating meteoric waters, the oxidized ores were formed
;

numerous pieces of ore with sphalerite or galena inside and zinc carbonate

or cerussite outside, most clearly demonstrate this derivation. Further, it

may be regarded as established that the ores were deposited from solutions

which, circulating ^^•ithin the Muschelkalk beds, effected their dolomitiza-

tion. At the same time a gradual replacement of the limestoiie by ore

took place, as well as a crusted deposition in chambers previously formed

by the dissolution of the dolomite and limestone. The not-infrequent

occurrence of stalactites and the abundant occurrence of schalenblende

indicate this latter manner of formation. The pocket-like occurrence



THE METASOMATIC LEAD-SILVER-ZINC DEPOSITS 729

of the ore in holes like pot-holes in the limestone floor, suggests rapidly

flo\ving water. The apparent limitation of the ore-beds to one or two often

well-maintained horizons is adequately explained both by the physical

behaviour of these particular beds towards the inflowing water, as well as

by the presence in them of material which acted reducingly towards the

metals in solution. Against solid compact layers such water would be

impounded. Where several of such layers occurred several ore-beds would

be formed one above the other, in number corresponding to the number of

such water reservoirs. At the same time the bitumen, which is still dis-

cernible in some beds, may have acted as the agent whereby the sulphates

present were reduced to sulphides.

Concerning the question of the source of the solutions, the following

considerations are pertinent. The metalhferous occurrences in the Upper
Muschelkalk, Keuper, and Jurassic—which Althans regarded as constitut-

ing this source—are probably insufficient to account for such an extensive

occurrence. It is more probable indeed that these themselves were formed

by the same processes, whatever they may have been, as those to which the

principal beds are referable. According to Bernhardi and Giirich, the ores

were deposited simultaneously with the country-rock. Bernhardi recognizes

the precipitant in the gases escaping from the Coal-measures beneath,

while Giirich sees it in the organic substances contained in the Triassic

sea. According to Carnall, Websky, and Althans, the ore, formerly finely

distributed, became subsequently concentrated by meteoric waters, a view

which A. Sachs also endorses. The most probable of all, however, is the

assumption that the solutions rose from depth along fissures, from which

following fractures and cracks they spread laterally through the permeable

beds of the Muschelkalk. This view is endorsed by Krug von Mdda, Eck,

Kossmann, and lately, as the result of special investigation, by Beyschlag

and Michael. It is occasionally urged against it that the channels of

access necessary to such an assumption must, if existing, have been dis-

closed by the extensive mining operations v/hich have been undertaken in

the Coal-measures beneath ; or, alternatively, that much lead- and zinc ore

should have been found within the fissures of those measures. Both these

objections appear no longer to have force ; firstly, because in the Coal-

measures the limestone necessary to such deposition of ore does not exist,

and the ascending waters not being able to dissolve the insoluble rocks along

the fissures were accordingly not in the position to form funnel-shaped

cavities ; secondly, because occurrences of lead- and zinc ore, particularly

the former, are actually found in the fissures of those measures ; and
finally, because in the Upper Bunter and in the transition beds between the

Bunter and the Rotliegendes, occurrences of ore such as have recently been

discovered may only be explained by deposition from ascending solutions.
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The endeavour from above to follow the fissures known in the Triassic

into depth, or from below to follow the faults in the Coal-measures into

the Triassic above, has for want of available exposures but seldom

succeeded. It is also almost always impossible to follow the Muschelkalk

fissures into depth because of water, which in this Triassic region is so

abundant as to be sufficient for the entire industrial district of Upper

Silesia. It may therefore be assumed that the connection of the fissures

in the Muschelkalk with those of the Coal-measures is more frequent than

might be supposed from the observations so far possible.

According to Giirich, zinc mining in this district began in the sixteenth

century. The oxidized ores alone were mined at first, sphalerite having

only been mined for about four decades.

Production of Upper Silesia
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TiMMERHANS. Les Gites metalliferes de la region de Moresnet, Liege, 1905, p. 1.—F.

Klockmann. ' Die Erzlagerstatten der Gegend von Aachen und der Bergbau auf der

linken Seite des Niederrheins,' Festschrift zum XI. Allgemeinen deutschen Bergmannstage

in Aachen. Berlin, 1910.—F. Herbst. ' Der technische Betrieb des Erzbergbaues,' ibid.

—WuNSTORF. Geologische Exkursionskarte der Umgegend von Aachen, published by

the Geologische Landesanstalt, Berlin, 1911.

Lying upon the north-west flank of the Cambrian anticUne at Hohe

Venn, situated on the left bank of the Rhine between Eschweiler and

Liittich, contorted Devonian and Carboniferous beds are found. These

Palaeozoic beds, which disappear under the Cretaceous of Aachen and Maas-

tricht, occur folded, and to some extent overthrust, into north-east striking

anticlines and synclines, the whole effect being that the individual forma-

tions, the Upper Devonian, the Carboniferous limestone, and the Coal-

measures, form a succession of narrow north-east striking belts, the older

members of each forming the anticlines and the younger members the

synclines. This disposition of the beds is illustrated in Fig. 6.

The deposits are connected ^vith the dolomitic limestones of the

different formations on the one hand, and with transverse disturbances

running north-west or approximately at right angles to the country, on the

other. In German territory they are arranged in two districts, one situated

to the south-west of Aachen in the neighbourhood of Moresnet, the mining

area there being the property of the Vieille Montagne company ; and the

other at Stolberg to the east of Aachen, where the important Diepen-

linchen mine is worked by the Stolberg company. ^ Altogether, according

to the statistics of the mining district of Diiren, forty-five lead- and zinc

concessions have been granted, upon approximately one-half of which

operations have so far been undertaken.

The ore is associated with the Eifel limestone—Middle to l^ower

Devonian—as well as with the Carboniferous limestone, these two being

separated from one another by a thickness of arenaceous slates, the Famen-

nian beds of the Upper Devonian. However much the outward shape and

the mineralogical content of these lead-zinc deposits may vary in the

individual occurrences, and some of these variations are illustrated in

Fig. 345, without exception they are connected with faults striking

transversely across the formation, and are only found where solutions

circulating along fissures and boundary-planes encountered calcareous

and dolomitic rocks, such rocks being chiefly Carboniferous, but also

Devonian. It is seldom that any ore is found in the arenaceous slates

above or below these limestones. Still more unfavourable to the de-

position of ore do the Carboniferous slates appear to have been, since \vith

them ore is only known to occur in connection with the Bleiberg fissure-

system. Somewhat more favourable were the foot-wall slates of the Upper

^ Gesellschaft filr Bergbau, Blei- und Zinkfabrikation zu Stolberg und in Westfalen.
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Devonian in which, as for instance in the Schmalgraf, Lontzen, and Prester

mines, and at Hammerberg near Stolberg, etc., ore-bodies are occasionally

found.

Such faults may be followed right through all the Palaeozoic beds, from

the Cambrian to the Carboniferous, even though at times they may be

represented only by fiucans or narrow fractures. The width of the

Cretaceous Zinc oxidized ore. Slate with Cai-bouiferoii.s

arid Diluvium. Galena. Slate.

Clay and
Ironstone.

Fig. 345.—Horizontal and cross sections of the St. Pauli lead-ziuc mine at Welkenraedt.

fissure in the limestone is different from that in the clastic rocks, while

at the same time the mineralization has almost always changed. The strike

varies between east by south and south, a bent course being seldom

observed. Generally several fissures occur together, in part with their

courses parallel and in part diagonal, so that they form a fissure- or

Unked series. Often again, a fissure, simple and regular in one part of

its course, is observed to split up along its continuation.

The length of these transverse faults is quite considerable, the Miin-

stergewand and the Sandgewand faults, for instance, cross not only the
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Carboniferous syncline at the river Worm, but also that at the Inde.

In cases where fissures pinch out, not far to the right or left others usually

begin. The dip is sometimes to the north-west and sometimes to the south-

east, these two directions being occasionally present in different parts of

the same fissure. Generally the dip is steep, but occasionally it may be

as flat as 40° or less. In depth the fissures become smaller, till eventually

they die out. They represent true faults, the throw in particular cases

reaching more than 400 metres.

In relation to geological age it may only be said that the first fractur-

ing had begun before the deposition of the Senonian, while subsequent

movements in the same fissures continued till after Diluvial time. The

majority of occurrences now being worked are found in the Carboni-

ferous hmestone, and particularly in its basal dolomite. Among these are

the famous zinc deposit at Altenberg in the Moresnet syncline, and the

deposits in the Schmalgraf, Eschbruch, and Mtitzhagen mines. Numerous

other occurrences, including that at Diepenhnchen, are found in the

Carboniferous limestone of the Werth synchne, to the south-east of

Stolberg.

Concerning the arrangement of the fissures into series, four of these

may be distinguished, namely : (1) the Welkenraedt series including the

deposit of that name
; (2) a series east of this between Kuyff and Herbesthal;

(3) the prolongation of the Schmalgraf fissure-system, this prolongation

reaching to the neighbourhood of Eupen ; and (4) the Bleiberg Vieille-

Montagne series. Farther to the east comes the poorer district south

of Aachen, and then the eastern district with the numerous lode-like

occurrences of the Vichbach valley, these being centred around the Miin-

stergewand fault and its parallel associates. Still farther to the east on the

right bank of the Vicht comes the Sandgewand system, which in the Werth

syncline cuts the Carboniferous limestone twice and continues into the

Eifel hmestone.

The deposits form lodes as well as chamber-deposits and metasomatic

ore-bodies, these different forms of deposit usually occurring in combination.

The ore consists of zinc sulphide— chiefly schalenblende but also

sphalerite— of galena, and exceptionally pyrite and marcasite. It is

illustrated in Fig. 94. With these deposits the products of oxidation are

especially important. At Schmalgraf the deposits have been proved to

be payable to a depth of 175 m. ; at Diepenhnchen to 250 metres. The

oxidized zinc- and lead ores are the oxidation products of sulphide ores,

which oxidation, as in the cerussite deposit of Diepenhnchen, may have

proceeded so far that the sulphides have been completely replaced. The

most characteristic and frequent minerals are the zinc carbonate, and the

hydrosilicate, though the anhydrous silicate also occurs.
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The form of these metasomatic deposits is irregular, nor is the separa-

tion from the country-rock definite, as all gradations from pure zinc ore

to zinciferous and ferruginous hmestone may be observed. In texture

the ore-bodies are usually porous or cellular. Crystals of secondary zinc

carbonate and hydrosilicate are found in druses and fissures. The con-

nection of such purely metasomatic deposits with fissures is often not

discernible at first sight, owing to the fact that the processes of meta-

somatism tend to modify and obliterate the original arrangement.

Concerning the relative age of the different minerals, in the cavity-

fillings the recurring sequence, first galena, then schalenblende, and finally

marcasite, is remarkable. By subsequent shattering and disturbance

a brecciated structure has often been produced, in wliich the number of

slickensides and veins of recent calcite is striking.

The oxidized ores, including those of zinc, represent oxidation-meta-

somatic deposits. They are associated with the limestone in the neighbour-

hood of the surface, the alteration of this limestone having been effected

by metal solutions formed from the sulphides. The formation of these

sulphides probably took place before the deposition of the Senonian.

According to F. Herbst the composition of the ore won at different

mines is as follows :

Mine.
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' Die Zinkerzlager bei Iserlohn,' Zeit. f. Berg- Hiitten- u. Salinenwesen im pr. Staate, XXXVI.
p. 142.—V. Dechex. Erlauterungen zur geologischen Karte der Rheinprovinz und West-
falens. Bonn, 1884.—L. Hoffmann. ' Das Zinkerzvorkommen von Iserlohn,' Zeit. f.

prakt. Geol., 1896, p. 45.

—

Stockfleth. ' Die geogr. geogn. u. miner. Verh. des siidlichen

Teils des Oberbergamtsbezirks Dortmund,' Verhandk d. naturhist. Ver. f. Rheinlaiul u.

Westfalen, Vol. LII., Bonn, 1895, p. 45.

Between Hagen and Balve the Stringocephalus limestone of the upper

Middle Devonian occurs as a belt 32 km. long and more than 1000 ni. in

width, dipping to the north. Scattered in this belt over an area about 12

km. long, embracing Letmathe, Iserlohn, and Deihngenhofen, some fifteen

zinc deposits of varying size occur. These are of irregular shape with

semicircular or triangular section, and are found either near or actually

at the contact with the Lenne slate. While against this slate their out-

hne is definite and regular, their extension laterally into the limestone is

irregular. The ore-bodies thus formed generally extend in a north-south

direction and not infrequently assume a lode-hke form. Without doubt

they owe their existence to the individually unimportant but numerous
transverse disturbances of this neighbourhood. In depth they generally

rapidly pinch out, a depth of 205 m. being reached in but one case ; with

the surface they are usually connected by irregular chimneys filled with

Diluvial material.

The ore originally consisted of sphalerite, pyrite, and to a less extent

of galena. These minerals are now only seen as kernels within solid

masses, the peripheral portions of which consist of zinc carbonate, hydro-

silicate, and silicate, of limonite, and more rarely cerussite and pyromor-

phite, these being enveloped in a considerable amount of clay. Calcite,

often in beautiful crystals, and occasionally quartz, accompany the ore.

Some of the most important of these ore-bodies lie immediately under

the town of Iserlohn, and the subsidences of the surface consequent upon
the mining of these bodies have led to many complicated legal processes.

While the Krug-vou-Nidda mine to the east of Iserlohn was in 1893 stopped

owing to exhaustion of its deposits, the Tiefbau-von-Hovel situated at the

eastern end of the town continued a modest existence to within a few

years ago.

The crusted structure of the sulphide ore—the sphalerite and pyrite

especially occurring in separate layers—together with the botryoidal and
stalactitic forms, point plainly to deposition in cavities formed by water,

and to metasomatism. These sulphides subsequently became oxidized by
meteoric waters. The clay which almost everywhere accompanies the ore

is probably the insoluble residue from marl and limestone, though doubt-

less some was subsequently introduced from above.

Upon the observed fact that the Stringocephalus limestone and
the Lenne slate possess almost everywhere a low zinc content, the
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assumption has been based that these ore-bodies were formed by lateral

secretion ; we, however, are firmly convinced that the pregnant solutions

ascended from depth along fissures. The sources of these solutions are

probably the same as those from which the lodes of the Velbert anticline ^

between the Rhine and the Ruhr, were filled, this probability arising

from, the genetic connection estabhshed by the Geological Survey between

those lode fissures and the fissures at Iserlohn.

In 1894 the zinc mines at Iserlohn worked by the Mdrhisch-West-

fdliscJien Bergwerksverein, produced 7245 tons of zinc oxidized ore, 4182

tons of sphalerite, and 64 tons of pyrite, 350 men being employed in

mines and works. In the same year the total production of the district

was 8669 tons of zinc oxidized ore, 4185 tons of sphalerite, and 77 tons of

pyrite. Since then however and not many years ago, all work was stopped.

SCHWELM AND LaNGERFELD, WeSTPHALIA

LITERATURE

V. Dechen. ' tjber das Eisenstein- und Eisenkiesvorkommen auf der Zeche Schwelra,'

Sitzungsber- d. naturhist. Ver. f. Rheinland u. Westfalen, XXXI., 1874.

—

Stockfleth.
' Die geographischen, geognostischen und mineralogischen Verhaltnisse des siidlichen Teils

des Oberbergamtsbezirkes Dortmund,' Verhandl. d. naturhist. Ver. f. Rheinland u. West-

falen, Vol. LII. Bonn, 1895; Der siidlichste Teil des Oberbergamtsbezirkes Dortmund,

1896, pp. 57, 58.—H. Mentzel, in the joint work, Entwieklung des niederrheinisch-west-

falischen Steinkohlenbergbaues, Berlin, 1903, Vol. I.—R Krusch. ' Neue Galmeiauf-

schliisse bei Schwelm,' Zeit. d. d. geol. Ges. Vol. h\., 1903.

Occurrences similar to those at Iserlohn are known in the Rote Berge

at Schwelm and at Langerfeld near Barmen. Though these have at present

no economic importance they are interesting in that the Stringocephalus

limestone, while the form of its corals has been maintained, has itself been

altered partly to marcasite and partly to sphalerite, deposits of these two

ores occurring close to one another. From these, by the action of meteoric

water oxidized iron- and zinc ores subsequently became formed, the former

in sufficient quantity to have been the object of mining operations not

many years ago.

At Langerfeld the Stringocephalus Hmestone became like^Aise replaced

by sulphide zinc- and iron ores, which in their turn similarly suffered

oxidation bv meteoric water. This deposit is also interesting because,

presumably in Tertiary time, a mechanical re-arrangement and concentra-

tion of the oxidized ore and residual clay took place, so that to-day the

upper portion of the deposit represents a sedimentary ore- bed, while

the lower portion is an oxidized metasomatic deposit. The occurrence of

considerable disturbances in the immediate neighbourhood of the deposit

suggests that here also the pregnant solutions ascended from depth.

1 Ante, p. 703.
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WiESLOCH, Baden

LITERATURE

A. Schmidt. Die Zinkerzlagerstatten von Wiesloch (Baden). Heidelberg, 1883.

—

A. Sauer. Blatt Neckargemiind der geologischen Spezialkarte des Grossherzogtums
Baden nebst ErlauteFungen. Heidelberg, 1898.

Some 12 km. south of Heidelberg, between Wiesloch and Nussloch,

in the Upper Muschelkalk and close to the large Rhine-valley Fault, many
irregularly bedded zinc deposits are found associated with the smaller

step-like secondary faults.

The section of the Upper Muschelkalk at Kobelsberg consists of the

Trochite beds proper and the lower Trochite hmestone. The former may
again be divided into an uppermost layer about 0-5 m. thick ; then for a

thickness of 0-15 m. three limestone layers which in places are replaced

by zinc ore or zinciferous clay ; then 3-6 m. of limestone ; and finally

1-5-4 -8 m. of yellowish-grey or reddish encrinite Hmestone alternating with
clayey marl. The lower Trochite hmestone consists of a bluish-grey

limestone alternating with clay and marl.

Mining operations, which go back as far as Roman time and which in

the middle of the last century enjoyed a short period of prosperity, have
again been given up, doubtless in consequence of the irregularity of the

deposits.

The ore consists chiefly of zinc oxidized ore, which, as the exposures

to the east on the Kobelsberg demonstrate, has resulted from the decom-
position of sphalerite, portions of which are still extant, Schmidt gives

the essential minerals occurring at Wiesloch, as sphalerite, galena, mar-
casite, zinc carbonate, hydrozincite, hmonite, iron-ochre, and to a less extent

pyrolusite, cerussite, p5n'omorphite, anglesite, antimony-ochre, realgar,

barite, selenite, calcite, dolomite, and clay. The sphalerite occurs in two
generations, the older of which, a cryptocrystalhne schalenblende arranged
in layers with galena and marcasite, forms the principal ore. Not in-

frequently, in cavities within the deposits, these minerals are deposited in

stalactitic form, mth a younger generation of sphalerite as the outside

envelope. Galena, in addition to occurring in compact form with schalen-

blende, occurs also crystallized by itself, and, again, as irregular masses in

the zinc oxidized ore. This oxidized ore exists as fine-grained, compact,
whitish-grey, occasionally also striped, reniform, and botryoidal aggregates,

or porous and cellular. In the cleaner portions the zinc content amounts
to 40-50 per cent. Limonite and red iron-ochre, the products of decom-
position of the marcasite, occur mixed with clay, more particularly in

the upper portions of the deposit. In the ochre the sihca has become
concentrated into well-developed quartz crystals.
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Schmidt specifies five ore-beds at Wiesloch, all lying in an unmistakable

north and south direction. Three of these are situated on the west

slope of the Hessel, forming the Hessel district, the two remaining beds

on the south-west slope of the Kobelsberg forming the Baierthal district.

All these beds, each of which is made up of a large number of smaller

and larger pockets connected by stringers, appear everywhere to belong

to the same horizon of the Trochite Umestone. The minerahzation is

associated on the one hand wath the bedding -planes, and on the other

with the fissures which traverse the country. The thickness of the deposit

may be divided into a lower portion consisting predominatingly of zinc

ore, and an upper portion consisting substantially of iron ore. The fissures

themselves are filled sometimes with ordinary clay, but generally with

zinciferous, ferruginous clay, and zinc oxidized ore. That contemporane-

ously with the process of replacement of limestone by ore, deposition of

ore took place in cavities already formed by water, is plainly indicated by

the occurrence of sphalerite stalactites on the Kobelsberg. The ore-bed,

though usually conformable, occasionally follows the fissures to moderate

depths below, reaching in one case even as deep as the Wellenkalk.

In the oxidized zinc deposits the extensive distribution of crystal

cavities regarded as the negative crystals of selenite, is striking. These

cavities indicate that a sulphatizing action immediately preceded the

formation of the oxidized zinc. Further, the occurrence at Wiesloch of

many fossils preserved in oxidized ore has long been known, these fossil

casts being regarded as simple replacement pseudomorphs. The dolomit-

ization of the Trochite limestone, evidence of which may often be observed

in the neighbourhood of Wiesloch, contrary to expectation does not appear

to be directly connected with the mineralization, as Schmidt was, gener-

ally speaking, not able to establish any intermediate dolomitic zone

betweeu the ore and the limestone.

Carinthia

Metasomatic lead- and zinc deposits, such as occur in fissure enlarge-

ments or other cavities in close genetic connection with fault fissures, and

such as in addition are always associated with soluble rocks, limestone

particularly, occur in Carinthia not only in large number but typically de-

veloped. It was indeed from these occurrences that the formation of this

important and \\'idely distributed type of deposit was first understood,

this recognition being more particularly the work of F. Posepny. It was

natural therefore that from them v. Groddeck took his ' Raibl ' type.

Deposits of this type traverse Carinthia in a broad east-west zone, usually

along an impermeable slate bed. The Hauptschiefer, the Bleiberg or
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Raibl slate of the Upper Triassic, and the Werfen slate of the Lower
Triassic, are all beds of such slate. Posepn^ riglitly considered the

greatest factor in the minerahzation to lie not in the geological horizon of

the Hmestone or slate, but in the difference in the permeability of these

two rocks. For convenience in description he divided the occurrence into

three districts, those of Raibl, Bleiberg, and Lower Carinthia respectively.

Raibl

LITERATURE

r. PosEPNY. ' Die Blei- und Galmeierzlagerstatten von Raibl in Karnten,' Jahrb. der
k. k. geol., Reichsanst. Vol. XXIII., Vienna, 1873 ;

' tjber die Entstehung von Blei- und
Zinkerzlagerstatten in aufioslichen Gesteinen,' Bericht iiber den allgem. Bergmannstao- zu
Klagenfurt, 1893, p. 77.—G. Gukich. Das Mineralreich, 1899, ji. 573.—Geological mining
maps with sections of Raibl togetliei- with drawings of the lead-zinc deposits ; surveyed by
the officials of the State Alining Department

;
published by the IVIinister for Agriculture,

Vienna, 1903.

The country aroimd tliis old hill town, which lies in a small valley on
the south side of the Gail, forms part of the Alpine Triassic which, strik-

ing east-west and dipping south, consists of an alternation of limestone,

dolomite, and marl. The ore-bearing white Raibl dolomite and limestone

lie upon the Cassian beds of the Middle Alpine Triassic, and are in turn

overlaid by the bituminous Fish slate. Above this again follow black

marly slate and the Raibl beds proper, these belonging to the Upper
Alpine Triassic.

The deposits occur in two different forms and at two different horizons.

In the upper portions of the dolomite adjacent to the Fish slate, the ore is

connected with transverse faults which in places are enlarged to cavities.

In the narrow portions of these the ore forms lode-like masses, while

the cavities are filled with concentrically banded galena and sphalerite,

accompanied by dolomite as gangue. At a deeper horizon—thouoh
still in the limestone wliich is here but little dolomitized—along the

same transverse faults, masses of oxidized ore are found as replacement

pseudomorphs of the limestone.

The ore-bodies generally have the form of pipes. In the municipal

mines they extend in three main directions, these corresponding respectively

to the Johann, Abend, and Morgen faults ; in dip they incline to the

south, parallel to the bedding of the limestone. The ore-body associated

with the Johann fault lies some 300 m. below the contact between the

limestone and the slate ; that following the Abend fault some L50 m.
below that contact ; while the Morgen fault approaches ever nearer

to that contact, inaking it probable that in greater depth the ore-body

associated with that fault occurs actually at the contact with the slate.

VOL. II o
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The individual ore-channels are variable in section, being sometimes

constricted, sometimes enlarged, while occasionally they split up into

branches. With many of them a crusted structure, with layers of

different minerals and of varpng thickness disposed around a central

cavity generally filled with dolomite, is very pronouncedly developed,

indicating that the deposition of the ore midoubtedly took place in pre-

existing pipe-Hke channels filled with water. More rarely a brecciated

structure has arisen by the collapse of the ca\ity, such breccia consisting of

dolomite- and limestone fragments cemented by ore. A pseudo-brecciated

structure is not infrequently found where the limestone has only been

partlv replaced, kernels of it still remaining.

The primary ore is invariably of sulphides. It consists of schalen-

blende, galena almost free from silver, and pyrite. Dolomite and barite

form the o-anoue. From these primary minerals, zinc carbonate and cerussite

have been formed by oxidation. The ore-pipes are particularly interest-

ing. These occur principally in connection with the Struggl fault-system

and consist of pvrite and sphalerite in concentric layers around hollow-

o-alena stalactites. Octahedra of galena are occasionally found in these

pipe-like aggregates. An alternation of dolomite with sphalerite and

galena found in the hanging-wall is known as slate ore.

The oxidized zinc deposits were in greater part formed directly from

limestone by oxidation-metasomatism, the original structure of the hme-

stone being maintained. In these deposits zinc carbonate occurs chiefly,

hydrozincite more rarely, wliile the hydrosilicate is uncommon. As with

ail zinc deposits, Hmonite, more or less clayey, occurs in the oxidized ore,

the material of this limonite having been derived partly from the pyrite

and partly from the iron contained in the schalenblende and the lime-

stone. Towards the outcrop particularly, the proportion of iron increases

at the expense of the zinc.

Mining at E-aibl is of great though unknown age. The credit for the

development of this industry is due to the municipality, which in 1762

purchased some of the mines. The present production amounts to about

3000 tons of lead ore and 17,000 tons of zinc ore annually.

Bleiberg
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Nov. 5, 1830, in the iline Archives.—K. Peters. ' Die Umgebung von Deutsch-Bleiberg

in Karnten ' Jahrb. d. k. k. geol. Reichsanst., 1856 ;
' Uber die Blei- und Zinklagerstatten

Karntens ' Oesterr. Zeit., 1863, p. 173.—v. Cotta. ' Uber die Blei- und Zinkerzlagerstatten

Karntens' Perw- und Hiittenui. Ztg., 1863, Vol. XXII.—P. Potiorek. ' Uber die Erz-
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lagerstatten des Bleiberger Erzberges,' Oesterr. Zeit., 1863.—E. Suess. ' Geogn. bergmann.

Skizze von Bleiberg,' Oesterr. Zeit., 1869.—F. Posepxy. ' Uber alpine Erzlagerstatten,'

Verhandl. d. k. k. geol. Reichsanst., 1870.—v. MoJSISO\^cs. ' Uber die tektonischen

Verbaltnisse des erzfiihrenden Triasgebirges zwischen Drau und Gail (Bleiberg in Karnten),'

Verhandl. der k. k. geol. Reichsanst., 1872.

—

Brxjnlechner. ' Die Entstehung und
Bildungsfolge der Bleiberger Erze und ihrer Begleiter,' Jahrb. des naturhist. Museums von
Karnten, Vol. XXV., 1895.—Htjpfeld. ' Der Bleiberger Erzberg,' Zeit. f. prakt. Geol., 1897.

—G. Geyer. ' Zur Tektonik des Bleiberger Tales in Karnten,' Verhandl. der k. k. Reichs-

anst., 1901.

Bleiberg and Raibl form together the centre of the long-Uved

Carinthian lead- and zinc mining. Bleiberg lies 12 km. west of Villach

in a deep-cut tectonic valley between the Bleiberg hill 1261 to 1823 m.

in height to the north, and the Dobratsch mountain 2167 m. high to the

south, as illustrated in Figs. 58 and 346. The tectonics of the district

have the greatest bearing upon the extent and distribution of the deposits,

this aspect of the subject having been closely studied by PoSepny, Hupfeld,

and especially by Geyer.

The oldest formation, exposed at the western end of the Bleiberg valley

beyond Kreuth, belongs to the Lower Carboniferous. Upon this to the east

lie the Groden sandstone, the Werfen beds, and the Guttenstein limestone,

all of which however have but small extent on surface. Then follows in

great development the Wetterstein limestone-dolomite, of which in greater

part the Bleiberg and the Dobratsch consist. The Cardita beds and the

Main Dolomite. -which come next, are only represented at tectonic breaks,

—

generally in the valley—by such remnants of a former larger extent as have

been withdrawn from erosion by faulting. The district is highly disturbed.

As indicated in Fig. 346, the Wetterstein limestone-dolomite dips on the

Bleiberg to the south and on the Dobratsch to the north, both these direc-

tions inclining inwards towards the great Bleiberg Break to which the

valley owes its existence. North of this break particularly, many faults

along which huge segments of the younger rocks have subsided, have

been delineated. The combination of folding and faulting, as illustrated

in Fig. 347, produces an extremely complicated tectonic figure.

The ore-bearing horizon occurs in the Wetterstein limestone. It is

a light-coloured dolomitic limestone within which, though seldom, darker

and presumably bituminous layers are intercalated. The proportion of

MgCOg varies between 0-1 and 40 per cent. According to the section given

in Fig. 347 the follomng beds in addition are represented in the Bleiberg
;

the Cardita beds which are younger than the limestone ; the overlying

Main Dolomite ; and finally, in the foot-wall of the limestone, the Wetter-

stein dolomite. The Dobratsch mountain on the opposite side of the

valley consists, in the vicinity of the break, of Wetterstein dolomite.

The deposits at Bleiberg are chiefly irregular cavity-fillings and

metasomatic deposits, the distribution of these being closely connected
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with the Bleiberg Break. They occur almost exclusively in the ore-bearing

limestone. Their form has been aptly described by Posepny as pipe-shaped.

Keference to Fig. 58 shows the striking agreement which exists between the

bodies of each individual district, in relation to the direction in which they

lie ; the axes of these bodies, as already recognized by Mohs, coincide with

the Unes of intersection of two planes, namely, the bedding-plane of the Hme-

stone and that of certain fissures. At Bleiberg itself these fissures are

known as lodes and the bedding-planes as planes, while at Kreuth they are

termed cross fissures and beds respectively. It is particularly noteworthy

that these axes are not dependent upon certain limestone bands but

upon certain bedding-planes separating the hmestone, such planes being

&aM of QuiZit^
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considers there is evidence to show that they are associated with the

Bleiberg slate, from which generally they extend only some 500 m. into the

ore-bearing Hmestone.

The minerals of the deposits are both primary and secondary. Among
the former are galena, sphalerite, marcasite, barite, fluorite, calcite, and
dolomite. The galena generally occurs in the form of pipes similar to

those mentioned when describing the deposits at Raibl, these pipes here

consisting of long cylinders of galena filled with calcite. This galena is

remarkable for its great purity and the complete absence of antimony,

copper, and silver ; it was the raw material from which a celebrated

brand of lead was made.^ The sphalerite occurs chiefly near Kreuth to

the west and at another point right to the east, while in the central

portion of the district it is subordinate. It generally occurs in the form of

schalenblende with a core of calcite or galena. It is mostly light yellow

in colour, becoming darker as the proportion of contained iron increases.

The intimate intergrowth of barite with these sulphides is especially

characteristic at Bleiberg, aggregates of tabular crystals arranged parallel,

or solid masses with laminated structure, being often found. The mode
of occurrence of the fluorite is interesting, this mineral being found in

rose-coloured, violet, or crystal-clear cubes of at most 7-5 mm., upon galena

and sphalerite. Calcite and dolomite either form veins in the country-

rock, or are of recent formation in druses, etc.

The secondary minerals are in greater part those which have resulted

from the oxidation of the primary minerals. The galena upon oxidation

gives rise to good crystals of cerussite, twinned and retwinned, to plumbo-

calcite, anglesite, and wulfenite, this last mineral, which occurs remarkably

often in druses at Bleiberg, being almost always crystallized in thin plates.

The proximate source of the molybdenum in this yellow and occasionally

grey mineral has so far not been determined ; no molybdenite has yet

been found in the deposits. The sphalerite at oxidation passes chiefly to

zinc carbonate which is often contaminated by limonite and clay, while

crystals are uncommon. By absorption of water the carbonate in turn

becomes hydrozincite. The change from sphalerite to the hydrosilicate is

less common, though when it does occur crystals are more frequent. Mar-

casite becomes limonite, sulphuric acid being liberated, wherefrom the

alteration of the limestone to anhydrite results, the amount of this mineral

at Bleiberg being remarkable. It is sky-blue in colour and often includes

unaltered pieces of limestone. Upon exposure to air it absorbs water,

selenite becoming formed. In the Kreuth district the asbetos-like mineral,

mountain-leather, occurs now and then.

Some idea of the form of these deposits may be gathered from Fig. 60.

^ Das Kdrntener Jungfernblei.
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As illustrated in that figure, the ore, in detail also, follows the bedding-

planes on the one hand and the fissures on the other, as solution of the

rock proceeded.

The relative ages of the different minerals as revealed by crystal

intergrowth and incrustation, has been determined by A. Brunlechner,

who came to the conclusion that two generations of sphalerite, galena,

calcite, and wulfenite, must be assumed, in the first of wliich galena

predominates, and in the second, sphalerite. The sequence of the first

generation he gives as calcite, sphalerite, galena, barite, marcasite, calcite,

fluorite ; and that, of the second, calcite, sphalerite, galena, schalenblende,

barite, marcasite, calcite, fluorite, dolomite, and anhydrite. To these two

generations the different oxidation minerals described above are of course

additional. To these, according to Brunlechner, may be added ilsemannite,

MogOg+xHoO, sulphur, and goslarite, though the occurrence of these

minerals at Bleiberg has not yet been fully established.

The genesis of the Bleiberg occurrence has been studied and discussed

by many authorities, some of whom have regarded it as syngenetic, others

again as epigenetic. Disciples of a syngenetic genesis have been repre-

sented at all times, among these being Mohs, Fuchs, Lipoid, and

Peters. To-day, however, it is generally agreed that these deposits are of

epigenetic origin, an origin early suggested, though subsequently abandoned

by various authors. The miner, as far back as the end of the eighteenth

century, recognized that the ore -pipes were enriched intersections.

E. Philhpps, a French mining engineer, in a paper published about the

middle of last century, pronounced for their formation after the manner

of lodes. In 1863 von Cotta published a long paper upon Bleiberg in which

he classified the deposits as secondary and due to metal solutions which,

circulating along fissures in the comitry, found their way into the fractured

limestone. Potiorek, for many years the mine manager at Bleiberg, when

in the same year describing the occurrence at Bleiberg, disputed the

idea of a bedded character, this description being the first made in any

great detail. Posepn}^, in an annex to his investigation at Raibl, then put

forward the view that these deposits were pipe-like cavity-fillings, generally

following the lines of intersection between fissures and bedding-planes, a

view which Hupfeld endorsed. Brunlechner ^ suggested the possibility

of formation by lateral secretion, because, according to his view, the nature

and manner of the distribution of the ore in the extensive and massive

complex of the Wetterstein limestone, strongly supported this hypothesis.

According to him alteration so proceeded from the fissures that some

became blocked by deposited minerals, while others became enlarged.

The authors endorse the theory elaborated more particularly by

1 Loc. cit.
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Posepny that the deposits are the fillings of irregular ca\"ities, such fillings

having been accompanied by the metasomatic alteration of a portion of

the Wetterstein limestone, both processes of deposition proceeding from

fissures. At the subsequent oxidation of the ore in the manner explained

above in detail, heavy-metal solutions once more came into contact with

limestone, whereby a second replacement of the limestone by lead and

zinc became possible. This process, which doubtless was accompanied by
enlargement of the original width of the deposit, comes within the range

of what Krusch terms oxidation-metasomatism.

Laurion, Greece

LITERATURE

A. BocKH. ' tJber die antiken laurischen Silberbergwerke,' Abhandl. d. Akad. d.

Wiss., 1814-1815, pp. 85-140. Berlin, 1818.—A. Coedella.^ Le Laurium. Marseille, 1869.

—R. Nasse. ' Mitteilungen iilier die Geologic von Laurion und den dortigen Bergbau,'

Zeit. f. d. Berg- Hiitten- u. Salinenwesen im pr. Staate. Vol. XXI. Berlin, 1873.—B.

SiMONNET. Le Laurium. BuU. de la Soc. de Find. min. St-Etienne, 1883, II. Ser. Vol. XII.

p. 641.—A. CoRDELLA. La Gi'ece sous le rapjwrt geologique et mineralogique. Paris, 1878 ;

Mineralogisch-geologische Reiseskizzen aus Griechenland. Leipzig, 1883.—R. Lepsius.

Geologie von Attika. Berlin, 1893.—Review :
' Die geologischen Verhaltnisseder laurischen

Erzlagerstatten,' Zeit. f. j^rakt. Geol., 1896, p. 152.—J. J. Bikder. ' Laurion : Die Attischen
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The valley of Legrana, extending north-north-east along a break in

the country, separates the south-eastern and metalhferous portion of

southern Attica from the north-western portion, which is differently con-

structed and non-metalhferous. Most of the ore-deposits are found in a

disturbed zone represented by an anticlinal break which, traversing the

district of Legrana, passes through Kamaresa and the Plaka Pass and
eventually reaches the north-east coast at Daskalio-Niki.

The general strike of the beds in this south-eastern portion of Attica,

known as the district of Laurion or Ergastiria, is north-north-east, and the

dip is to the east. Of these beds Lepsius gives the follo\ving sequence :

Quaternary.

Tertiary : Upper, represented by the Pikermi beds ; and LoAver.

Cretaceous : Upper limestone, grey in colour
;

green slates and

marl of Athens ; lower limestone, ferruginous and yellowish-

white.

Crystalline schists : Upper Marble of Attica, bluish-grey and

fissile ; Kaesariani mica-schist, in places with an inter-

bedded marble layer ; Lower Marble of Attica ; dolomitic

and calcareous schists ; calcareous mica-schist with quartz

lenses.
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Fig. 348.—Map (a) and section (b) of Laurion. Lepsius and Cordelia.

Gl, mica-schist with lead lodes (ly) ; K, limestone (Marble) ; L, metasomatic ore-bodies.
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The deepest beds exposed in the Laiirion hills are those of the Lower

Marble, which are several hundred metres thick. It is in these that the

zinciferous and argentiferous lead deposits are found. Numerous occur-

rences of gabbro often serpentinized—as well as the granite of Plaka which

with numerous apophyses lies in the course of the antichnal fault—break

through and metamorphose the crystalline schists and the Cretaceous

beds. While the western flank of the Legrana anticline is highly disturbed,

the eastern flank dips very regularly at an angle of 10°-20° all the way

to the coast.

At Laurion three so-called ore-contacts are distinguished, these being

disposed as follows : the first or uppermost at the contact between the

Cretaceous slate and the Lower Cretaceous hmestone ; the second between

the Upper Marble and the Kaesariani mica-schist ; and the third or

lowest contact between this mica-schist and the Lower Marble. The

irregular bed-like sphalerite-, galena-, and oxidized zinc deposits occur

almost always at the contacts between the Kaesariani mica-schist and the

Upper and Lower Marble, particularly the latter. At Kamaresa, on the

steeply dipping western flank, they are fomid also along the lower surface

of the marble bed which is regularly intercalated in the mica-schist at that

place. At the contact of the gTanite and its apophyses ^\-ith the marble,

similar deposits also are often seen, from which rich veins shoot out into the

limestone. Against the granite at Plaka the Cretaceous slate is altered

to an augite-epidote-garnet rock, termed plakite by Cordelia. Upon the

Rimbari hills also, the Lower Cretaceous limestone, often dolomitized and

sideritized, is in many places altered to manganiferous limonite vnih some

galena. The ores at the first contact are much exploited and exported.

The lower lead-zinc bedded deposits, which have been formed by the

alteration of the limestone associated with the crystalline schists, are

according to their depth known respectively as the second and third

contact ores. These contain no iron but consist of argentiferous galena,

sphalerite, and zinc oxidized ore.

In ancient times attention was only paid to the galena, from which

silver was obtained by smelting. The dumps left from those times,

consisting of rock, ore, and slag, are now in many cases being re-worked,

yielding 3-4 per cent of lead and a little zinc. The slags contain

13-14 per cent of lead with 0-5-3 kg. of silver per ton of lead. Accord-

ing to von Ernst the galena, which is usually very compact, has a

high percentage of lead and is rich in silver, 2 kg. per ton often being

obtained. The percentage of zinc in the oxidized ore is variable ; with

the lower deposits, from which at times as much as 3000-4000 tons of such

ore has been obtained monthly, it was formerly, after roasting, 65 per cent.

Modern mining ^^11 however have to deal with ore of much lower value.
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According to Cordelia, the production of the mines worked by the French

company at Lamion in 1901 was 10,730 tons of roasted ore of the qualities

known as Nos. 1 to 4 ; 803 tons of plumbiferous zinc ore ; 3942 tons

of ferruginous zinc ore ; and 494 tons of sphalerite. In 1906, altogether

22,000 tons of zinc oxidized ore and 12,298 tons of argentiferous lead were

obtained from this district.

Sardinia

LITERATURE

A. DE LA Marmora. Descriirtion de la Sardaigne Picos de I'Europe, 1839.—E. Fer-

raris. Memoria geognostica sulla formazione metallifera delle miniere di Monteponi e

adiacenti, 1882.—G. Zoppi. Descrizione geologico-mineraria dell' Iglesiente (Sardegna),

1888; Mem. descr. della Carta geol. d. Ital. IV., 1888.—Carta Geologico-Mineraria del

r Iglesiente 1 : 50,000, R. Comit. Geol. d' Italia. Rome, 1888.—Maex. ' Geogn. und bergm.

Mitteilungen iiber den Bergbaubezirk von Iglesias auf der Insel Sardinien,' Zeit. f. das Berg-

Hiitten- und Salinenwesen im pr. Staate, 1892, Vol. XL.
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Fuchs et de Launay. Traite des

Gites mineraux et metalliferes, II., 1893, p. 387.—A. Dannenberg. ' Reisenotizen aus

SarcUnien,' Zeit. f. prakt. Geol., 1896, p. 2.52.—B. Lotti. I deposit! dei minerali metalliferi,

p. 03.

The geological picture presented by Sardinia is rendered particularly

interesting by the variety of both the sedimentary formations and the

eruptive rocks. The basement rock consists of granite, upon which in

succession lie Cambrian sandstone and slate, Silurian limestone, slate,

and grauw^acke, and Devonian beds. During the deposition of the Carboni-

ferous limestone and the Permian beds Sardinia was dry land, a condi-

tion which altered to allow the Jurassic and the Cretaceous to be deposited,

these two formations being separated from one another by an unconformity.

Finally, Tertiary beds Hkewise occur, covering large areas. At the con-

clusion of the Nummulite epoch the Mesozoic beds in Sardinia were

tilted ; while at the birth of the Alps a last extensive folding took place.

While in most places in Europe the Devonian, Carboniferous, Permian,

and Tertiary systems are rich in ore-deposits, the famous zinc- and lead

deposits of Sardinia, and particularly those of the province Iglesias, are

found in by far the greater number in the Silurian, and it is probable that

they are of great geological age.

In this island three mining districts may be recognized, namely, a

very important one to the south-\^•est in the province Iglesias ; a less

important one near Alghero ; and an eastern one in the eruptive massive

around Sarrabus, Ogliastre, and Lulla. Of these, only the first will here

be described.

The district of Iglesias includes to the north the granite massive of

Arbus, upon which lies a mantle of Silurian slate and grauwacke. In this
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mantle the deposits at Monteveccliio, Gennemari, etc., are fomid. To the

south large areas are occupied by Cambrian quartzite and slate, these being-

surrounded by ore-bearing hmestone presumably of Silurian age. In this

limestone almost all the famous oxidized zinc deposits of Sardinia occur.

To the south-west at Fontanamare, Triassic beds appear, while to the east

and north-west large areas are covered by late Eocene and Quaternary

formations. Deposits of argentiferous galena and sphalerite are numerous.

They are found more particularly at the contact between limestone and
slate or between two limestones differing petrographically, or they cut

across the formation as veins or lodes. In such lodes irregular masses

of zinc oxidized ore \vith a Httle galena are often fomid. As with all

metasomatic lead-zinc deposits, the connection between the lodes and
the metasomatic deposits is so close that the two classes of deposit must
be described together.

The distribution of the ore is in general connected with that of the lime-

stone. In greater detail, the galena in the lodes shows a tendency to be

concentrated in ore-shoots, as for instance at San Benedetto, Monteponi,

etc., while, in addition, the following general rules may be considered to

have become established : 1. The more irregular the deposit, the greater

the silver content. 2. The silver content decreases in depth. 3. The
sphalerite increases in depth.

The important zinc carbonate and hydrosilicate deposits are found

in the upper levels though they do not always reach the surface. In depth,

often enough, they end in a clay-filled fissure.

The extension along the strike is often considerable. To the north

of the granite massive, for instance, a galena lode is known which, cutting

across a wide sequence of old slates for more than 3 km., has been worked

under difierent names in different properties, these including the Monte-

vecchio, Perdixeddosu, Ingustosa, Gennamari, etc. A point worthy of

notice is that this lode contains but very little sphalerite. To the south

of this granite another lode-system occurs, the members of which strike

south-east to east-south-east. As will be seen from Fig. 349, these two
systems form together a surround to the granite. In the neighbourhood

of Iglesias are found the lead lodes of San Giovanni to the south, and San
Benedetto and Malacalzetta to the north ; while to the west the important

metasomatic deposits worked in the Nebida and Monteponi mines occur.

Finally, there is the no less important zone of oxidized zinc deposits at

Malfidano to the north-west of Iglesias.

The lode-series at Montevecchio includes three lodes striking east-west

and dipping 65° to the north. Of these the most important, having a

width of 60 m., stands out on the surface from the slaty comitry-rock hke

a massive quartz wall. The galena, which may contain as much as 80
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per cent of lead and 800 grm. of silver per ton, occurs in lenses sometimes
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as much as 8 m. in wndth. In depth sphalerite becomes more common.

The production amounts to over 10,000 tons per year.

The lode worked in the San Giovanni mine lies almost opposite

to Monteponi in a valley descending from Iglesias to the sea. The

Silurian slate and the Devonian limestone have here an almost vertical

east-west contact, along which runs a lode. The main lode however

occurs between a red dolomitic limestone and an overlying bed of blue

limestone, in the immediate vicinity of a quartz lode which separates the

limestone from clay-slate. In addition to these two lodes a third has been

exposed in the blue limestone. The silver content of the first-mentioned

lode is on an average 150 grm. per ton. The second lode, lying between

the two hmestones, contains occurrences of argentiferous galena with

quartzose, calcareous, or argillaceous gangue. This galena has a high

silver content, generally 1200-1900 grm. per ton. The more irregular the

deposit, the higher the silver content appears to be. Near the surface

this lode, which is often characterized by a brecciated structm-e, contains

barite. All the fractures wthin the lode are filled ^vith calcite, which in

places has subsequently been removed giving rise to cavities containing

concretions of calcite. In one place a galena-sphalerite lode traverses

such a cavity, the ore in this traverse being oxidized. The third lode

carries galena with quartzose gangue and a silver content sometimes as

high as 1500 grm. per ton.

The argentiferous galena lode at San Benedetto, 7 km. north of

lo-lesias, is celebrated for its zones of secondary enrichment. At this

place the ore-bearing and presumably Silurian limestone abuts against

Cambrian grauwacke and sandstone. The gangue of the lode consists

chiefly of quartz and calcite. The portions formerly worked contained

1300 grm. of silver per ton ; the ore upon the third level how^ever now

contains but 400 grammes. The disposition of the ore-shoots within the

plane of the lode is interesting, these forming lenticular ore -bodies

approximately parallel to the slope of the hill. The lode-fiUing almost

everywhere contains some zinc carbonate and cerussite ;
near the out-

crop some considerable masses of the former were met. These deposits

yield some 2000 tons of galena and 2000 tons of zinc carbonate per year. •

At Malacalzetta north of Iglesias and east of San Benedetto three

galena lodes occur in limestone. The first, known as Monte Novo, consists

of several veins filled with galena, calcite, and quartz. In the second,

that of Monte-Cucchedu, a lens 30 m. long and 2-5 m. ^\dde was found

consisting of an intimate mixture of the same three minerals. The third

lode has its ore disposed in ore-shoots approximately 100 m. in length,

1-5 m. in width, and but little extent in depth. In accordance wath the

nature of the country-rock the intergrowth of gangue and ore is intimate.
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The filling consists of galena, cerussite, and traces of malachite as the

valuable minerals, with quartz, calcite, siderite, clay, and exceptionally

barite, as gangue. It is worthy of note that the cerussite is generally

richer in silver than the galena. The yearly production is some 1000 tons

of galena containing 67 per cent of lead and 1000 grm. of silver per ton.

The Nebida mine lies on the south-west coast in the ore-bearing lime-

stone. The deposits at this place appear very diversified, true lodes,

impregnations, and irregular metasomatic masses being all represented.

The country-rock strikes north-south and consists of an alternation of

slate and limestone. The metasomatic oxidized zinc masses form large,

almost vertical columns which were formerly thought to be the fillings of

pre-existing cavities, a view supported by the discovery during prospecting

of a stalactitic cave. The principal column, 20 m. diameter and consisting

of 45 per cent zinc ore, reaches a depth of 180 metres. Another,

containing much galena and having a ^\idth of 8 m., runs parallel to the

bedding and has been worked to a vertical depth of 100 metres. The true

lodes are found in the northern part of this particular district. Some of

these display a very irregular filling of quartz, siderite, and abundant galena.

In the limestone they are occasionally well developed, while in the Silurian

slate they disappear. The galena on an average contains 7-5 kg.,'though

occasionally as much as 11 kg. of silver per ton : it is accompanied by
cerussite. The impregnations are found along the contact of slate and
limestone. With these deposits, from the narrowest of fractures the lime-

stone has been so invaded by ore that for lengths of as much as 150 m.

the more easily decomposed portions have been replaced for a width of

8-10 m., sometimes by sphalerite and sometimes by zinc oxidized ore.

The animal production from this district is some 3000 to 4000 tons of

zinc oxidized ore, and 1000 tons of galena containing on an average some
7 kg. of silver per ton.

The famous occurrence at Monteponi, the oldest mine in Sardinia,

situated some 2 km. south-west of Iglesias, includes the galena lodes and
irregular oxidized zinc deposits which were worked for lead and silver by
the Carthaginians and the Romans in their time, and afterwards in the

Middle Ages by the Spaniards. Till 1851 they belonged to the State,

passing then into the possession of a private company, by which, since

1867, they have been worked. These deposits are now in greater part

exhausted. The mine lies upon a hill 360 m. high consisting of ore-bearing

limestone overlaid by a calcareous slate containing fossil Trilohites.

Two different occurrences may be noted, that of galena ore-bodies to

the south, and that of oxidized zinc deposits to the north. The bodies of

galena follow the bedding-planes of the limestone which dip at a gentle

angle to the east. Within the particular beds the ore-bodies pitch at
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angles varying between 35° and 55° towards the contact ^ith the slate.

They are distinguished by a notable continuity in length and great diversity

in '^idth and content. The filling consists in general of galena, with which

some zinc oxidized ore is associated. The former, containing up to as

much as 82 per cent of lead and on an average 250 grm. of silver per

ton, generally occurs in lenses in which the only impurities are scattered

nodules of pvrite. Almost every lens is enveloped in a shell of brown or

clayey iron oxide ; in but few cases does the ore come actually into

contact with the limestone, and then the well-known beautiful crystals

of cerussite, anglesite, and phosgenite, are fomid.

The oxidized zinc deposits at Monteponi occur in the limestone in form

more or less resembhng lodes or pipes, though they have no great extension.

The most important occurrence lies to the north. There the- limestone

is decomposed and the ore follows the bedding-planes and cre\aces in

such a manner as to at once suggest the metasomatic character of the

deposit. With incomplete replacement of the hmestone a pseudo-breccia

results. In this manner masses of zinc ore are formed, 40 m. or more

in length and width, but which in depth become poor and disappear.

Although most of the deposits are now exhausted, it may still be seen

that some attained dimensions of 200 m. by 120 metres. The ore is

not particularly pure ; in the raw condition it contains 35 per cent

of zinc, which after roasting becomes increased to 45-47 per cent. It

is accompanied bv iron- and manganese minerals, while cerussite also is

often found intimately mixed with it.

As with most oxidized zinc deposits the question of dressing is an

important matter. These deposits are worked in opencuts which produce

annually approximately 4000 tons of ore containing 55 per cent of zinc,

and a large amomit of poorer ore which upon concentration gives 10,000

to 12,000 tons of marketable material. The galena production amounts

to 4000 to 5000 tons of ore containing 60-80 per cent of lead and 200-350

grm. of silver per ton.

The oxidized zinc deposits at Malfidano occur near the village of

Buoerru. At Planu-Sartu the ore-bearing limestone, which strikes south-

south-west and dips 50° -55° to the east, contains five well -developed

deposits which can be followed for 340-350 metres. These in places have

a lode-hke character, the ore being sharply separated from the comitry-

rock ; more generally however they form beds alternating with limestone.

The ore mav be schistose or compact, while the zinc content fluctuates

between 45 and 50 per cent. Small veins of red ferruginous clay and

zinc ore, ramifying in all directions, are often found in the deposit.

In addition other small veins of quartz and galena occur. At Malfidano

and Caitas in the eastern portion of the Malfidano property, the ore-bearing
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limestone strikes south-south-west and dips 80° to the east. The ore-

bodies here contain but Httle sphalerite and still less galena ; they

gradually merge into normal limestone. This district along its whole

length is traversed by a break 30 m. wide, filled with a breccia of limestone

and clay, and kno^vn for a length of 900 metres. On both sides of the

break the oxidized zinc masses form large columns 80 to 100 m. wide and 15

to 20 m. in thickness. That at Malfidano, striking north-south, is crossed

by east-west quartzose galena lodes. The deposits at Malfidano and

Caitas produced in 1889 some 42,000 tons of milhng ore and 319 tons of

sphalerite.

In addition to those mentioned, Fuchs mentions other deposits in the

province of Iglesias, at Baueddu, Planu-Dentis, Sedda-Cherci, and Cucuru-

Taris. Most of these are typical oxidized zinc deposits. That at Baueddu

occurs between slate and Silurian hmestone. In width it varies from a few

centimetres to 40 m., and its known length is 400 metres. It strikes generally

north-south and dips 30°-80°. The filHng is very irregular
;

quartzose

masses with fragments of zinc carbonate, calcite impregnated with zinc

ore, and finally, almost pure brown or red carbonate containing ferruginous

material, alternate with one another in the northern portion ; the central

portion is clayey and contains lenses of zinc hydrosilicate 2-3 m. thick
;

while to the south the silicate is less common, and poor clayey and

quartzose masses become prevalent. The occurrence at Planu-Dentis

and Pira-Roma is in a Silurian limestone, not far from its contact with

slate. It consists of a system of crevices parallel with the bedding-

planes of the limestone, from which crevices the alteration of that rock

into zinc oxidized ore proceeded. The richest ore lies directly at the

contact with slate. From a total minerahzed length of 250 m., only 60 m.

are payable. The deposit at Sedda-Cherchi is quite analogous, though

it quickly becomes poor and passes into zinciferous limestone. That at

Cucuru-Taris likewise occurs at the contact between slate and limestone ;

in the neighbourhood of that contact it includes masses which are almost

vertical and which have been formed from fractures.

The participation of the different districts in the lead-zinc production

of Sardinia for the year 1889, was as follows :

[Table
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Galena.
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found, though no contact zone in situ is known. The highly compHcated
tectonics receive best expression in the variety of the mountain shapes,
a complexity confirmed by a study of the ore-deposits.

Ore Deposits
on the island

Thasos
1.-300000

C 1 2 * g BkmIII I I I

Scala. Mccries

G "E^A=N

Fig. 350.—Map of the island of Thasos, showing the most important tectonic lines
and the principal mining centres. Scale, 1 : 300,000.

The highest ground occurs in the east of the island in a fairly straight
Ime from the Ipsarion Mountain 1205 m. high, over the Kamena Petra 1074
m., to the Soussoula 857 m., in a south-south-east direction, as indicated
m Fig. 350. While from these heights the descent to the east is steep and
continues to the sea which is httle more than 2 km. distant, that to the
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west is gentle and to a large flat syncline occupying the central portion of

the island where the villages of Theologos and Castro are situated. Of

this syncline the other flank rises again near the west coast to a height, in

the case of the Aghios Mattis, of 808 metres. This western flank, extending

from the most southerly point. Cape Salonikios, to the most northerly. Cape

Pachys, is traversed by many fault zones, along which an intense dolomitiza-

tion of the marble and a mineralization recognizable even from a distance

by the strongly ferruginous colour of the ground, are associated. With

these fault zones all the more important ore-deposits upon the island are

connected.

While in the district extending from Cape Salonikios across the Astris

and Vouves mines and the Maries valley to the Aghios Mattis, a north-west

Slate 2 Limeifone 2

Z/nc OK/dizecfOre

L/mesTooe I

Fig. 351.—Sectiou across the formation at the Vouves mine, Thasos. Beyschlag.

striking fault-system predominates, from that hill into the district where

the Marlon and Corlou mines are situated an east-west system is more

important, this finally giving way to a north-east system in the district

which extends from Metamorphosis through the Sotiros and Casavitti mines

to the Pergaros, Spiho, and Pachys occurrences, these latter being situated

not far from Cape Pachys. It must be remarked however that in any one

place, beside the main fault-system the other two systems are always

represented ; in fact the principal occurrences, those at Vouves, Marlou-

Corlou, and Sotiros, are manifestly at places where numerous intersecting

and converging fissures meet. The course of these faults on surface is

often very distinctly indicated by the uneven character of the contours, and

often also by differences in the vegetation consequent upon the repeated

change from marble to slate. In areas of greater dolomitization and

mineralization however, the tracing of the faults is more difficult.

With all these occurrences zinc oxidized ore plays the principal part. It

occurs in all varieties, from a completely white, botryoidal, pure mineral-

aggregate through all gradations of admixture with iron and dolomite, to
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zinciferous limestone. Schalenblende is very uncommon, while friable

galena, mth varying silver content and the appearance of having suffered

corrosion, is quite common. Calcite occurs to a small extent and generally

in fissures, while barite in places is found intergrown with the ore.

As indicated in the longitudinal section of the Vouves opencut given

in Fig. 351, the ore is associated with fissiu'es and often concentrated along

the impermeable planes where dolomitized limestone lies bedded upon
slate. The considerable richness of this mine is due to the white, pure

oxidized ore which, having been formed by secondary migration of the

zinc content, contains no galena. In this it differs from the original ore.

The occurrence at the Marlou-Corlou mines is associated with disturbed

comitry wherein a wedge-hke section of slate is found enclosed in hmestone.

The solutions ascending along one side of this wedge w^ere so rich in silica

and silver that the dolomite along the fissure was completely altered to

quartz with a variable and in part high silver content. Farther from the

fissure the dolomite was less completely replaced by quartz, though for

some distance it continued to be argentiferous. Along the fissure the

irregular nest-like metasomatic oxidized zinc deposits occur. In these, near

the fissure, a good deal of lead occm's, then purer zinc ore, and finally,

farther from the actual fissure, zinciferous and ferruginous dolomite,

and limonite. At the Sotiros mine the zinc deposits proceed from the

fissures in the form of irregular bed-hke masses dipping gently into the hill.

Although to-day these zinc deposits often occur as a surface forma-

tion below the gossan, there can be httle doubt that they owe their origin to

solutions ascending from depth. In addition, it is probable that in greater

part they are not the result of the alteration of sphalerite, but were formed
primarily as carbonate and siHcate. The solutions themselves may prob-

ably be referable to the granite magma. Such a genesis is suggested by
the occurrence at Marlon, where the ferruginous and zinciferous solutions

penetrated far into the rock, while those containing silver and sihca

remained in the neighbourhood of the fissures. A sample of granite taken
by Beyschlag from the neighbourhood of Cape Maries contained 44 grm.
of silver per ton, this fact suggesting the probable proximate source of the
silver. Silver, galena, zinc carbonate and sUicate, and barite constitute

therefore the primary sequence ; while from the surface, hmonite, white
and brown zinc oxidized ores, accompanied first by cerussite and lower
down by galena, mark the course of the secondary alteration.

The production of zinc ore from Thasos in 1910 was about 30,000 tons.
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The Silver-Lead Deposits at Leadville, Colorado
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Leadville lies in the Arkansas valley upon a terrace at the foot of one

of the western spurs of the Mosquito Range. The mines, which have made

this district during the last thirty years one of the most important producers

of silver, gold, lead, and zinc, in the western United States, are fomid two

or three miles east of the town. From this situation however, mining

operations have of late extended to the west under the terrace upon which

Leadville is situated, the last most excellent monograph by Emmons con-

cerning itself exclusively with the occurrence immediately at the town.

The Arkansas valley, which extends in a north-south direction from

Tennessee Pass to Salida, owes its origin to a geologically recent depression

occurring between the Sawatch Range to the west and the Mosquito Range

to the east. The Sawatch Range is an oval massive consisting of gneiss,

granite, and schist, considered to be of Archaean age, upon which Cambrian

and yomiger sediments have been so laid down that their combined outcrop

mantles the oval completely, though the beds are not on all sides the same.

The Mosquito Range is a chain of mountains striking north-south and

having individual points which reach to heights of 13,000-14,000 feet. It

consists in greater part of Palaeozoic beds which to the east are overlaid by

others of Mesozoic age. With these old sediments considerable masses of

eruptive rocks in the form of sheets and laccoliths are interbedded, these

eruptives being older than the tilting of the beds. This tilting appears to

have been caused by pressure from the east, which, afJecting sediment and

eruptive ahke, formed a number of asymmetrical anticlines and syn-

clines, having their steeper hmbs to the west. These are traversed by a

number of north-south faults. Follomng this orogenic period came a time

of erosion to which the present contom's are mainly due. The large de-

pression of the Arkansas valley was excavated on the east side of the

Sawatch Range, approximately along the old coast line. The geological

position of the deposits is represented in Figs. 352 and 353.

Along that portion of the Mosquito Range where the Leadville district
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Fig. 352.—Geological map of a portion of the Leadville district, .showing the e.xteii.sion

of the different formations and ore-bodies. Emmons and Irving, Washington, 1907.
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is situated the eruptive rocks preponderate, and the contour of the district

is conditioned rather by faulting than by folding, while the landscape

presents itself as an accidented rather than an undulating country. Thus,

a number of steps bounded by faults are formed, the most prominent of

these on the surface being known as Breece Hill, Iron Hill, Carbonate Hill,

and Fryer Hill, respectively. Among the sediments participating in this

geological complex the more important are, the Lower quartzite, which is

probably Cambrian ; the White limestone of the Silurian ; the Parting

quartzite of the Devonian ; and the extremely important blue Leadville

limestone, which is of Carboniferous age. Among the eruptive rocks, those

known locally as the Grey and White porphyries are the most important.

The grey variety is a monzonite- and quartz-monzonite porphyry, while

the white is regarded as a rhyoUte-porphyry. From Fig. 352 it is seen

that the latter occupies large areas of the surface and usually lies upon

the blue Leadville limestone. The grey porphyry, on the other hand, is

generally interbedded in that hmestone, though it may also occur in actual

contact with the white porphyry. The basement rock, which here is covered

by Cambrian quartzite, consists of granite. The youngest formation of the

district is represented by Quaternary terrace deposits.

The ore-deposits are invariably associated with limestone, appearing

more particularly in the blue Leadville limestone between the white

porphyry above and the grey porphyry below, this horizon being known
as the first contact. A second and somewhat deeper horizon occurs in

the same hmestone, between the grey porphyry and the Parting quartzite

at the bottom of that limestone. Finally, ore is also known to occur at a

third contact still deeper, at some point between the Parting quartzite and

the granite, usually in the White limestone but sometimes also in the Lower
quartzite. The walls of the ore-bodies are not always recognizable under-

ground as ore and country-rock pass gradually into each other.

The primary ore was doubtless deposited as sulphides, chiefly as

galena, sphalerite, and pyrite. These minerals by the action of meteoric

waters became altered to oxidized ore down to considerable depths. From
the pyrite, ferric sulphate was first formed, and later iron-ochre and

limonite, this latter containing considerable amounts of silver, angle-

site, and other minerals. The ferruginous solutions transformed the

surrounding limestone into iron ore with varying proportions of silica and
manganese. The sphalerite upon oxidation appears to have become
entirely removed or to have become concentrated below the oxidation zone.

Dechenite, the vanadium salt of lead and zinc, though seldom, does occur.

Concerning the galena, this mineral being less easily decomposed by oxidation
than pyrite or sphalerite is often found in the oxidation zone. Part of

it, however, is altered to angiesite and cerussite, the sulphate and carbonate
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respectively. Large masses of pure cerussite free from angiesite, on the

one hand, and smaller masses of angiesite without cerussite, on the other,

are found. Pyromorphite like\\ase is common. Cerussite occurs some-

times as loose sandy carbonate, and sometimes as hard carbonate. In the

first condition it consists of a collection of imperfectly crystallized grains of

cerussite of remarkable purity, and as such is found in particularly large

masses immediately below, or in the neighbourhood of the porphyry contact.

The hard carbonate, on the other hand, is a mixture of quartz and cerussite,

somewhat resembling jasper in appearance and doubtless the result of

silicification. This hard carbonate is irregularly distributed in masses of

iron ore, and particularly in the immediate vicinity of large patches of the

sandy carbonate.

The sandy carbonate has usually the lowest silver content in relation to

the lead present, this content being 20-40 oz. per ton with. -50-70 per cent of

lead, while the hard carbonate usually contains one ounce of silver for every

one per cent of lead. The galena of the secondary zones is extremely rich

in silver, containing occasionally more than 100 oz. per ton. It represents

therefore a typical cementation galena. The silver content of the primary

sulphides is probably chemically combined with these sulphides. Accord-

ing to the few analyses available it appears to be more abundant in the

sphalerite and galena than in the pyrite, though its presence in the latter

may always be demonstrated. While fresh galena and sphalerite may
contain 50 oz. or more per ton, with pyrite scarcely more than 10 oz. may
be expected. In the oxidation zone the silver is foimd more often as light-

green chloride containing a little bromine and iodine. This mineral gener-

ally occurs along the cleavage-planes of other minerals, though in places it

also appears in small masses by itself. Native silver is occasionally fomid

in the richer portions of the deposits, and particularly along the upper

contact. Generally the silver content of the oxidation ore diminishes in

depth, this relation of content to depth being also expressed in the fact

that the upper contact is the richest. The small amount of gold fomid at

Leadville seldom reaches more than one-hundredth part of an ounce per

ton ; it is most intimately associated \\'ith the silver. At some places in

the district traces of gold telluride have been found.

The difference between the amount of manganese contained in the

sulphide ore and that in the oxidized ore is worthy of remark. Rhodonite

and rhodochrosite, which ^vith most deposits are primary manganese ores,

are not found in the sulphide ore of Leadville. As the result of a large

number of analyses the manganese content of this ore was shown to be

seldom more than 2 per cent, and on an average not to exceed 1 per cent.

Yet the large masses of iron ore occurring in the oxidation zone contain a

considerable though variable percentage of manganese oxide, this being
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reflected in the dark colour of the ore. It would appear as if the upper

portion of the oxidation zone near the contact with the overlying porphyry

were the richest in manganese, the ore there often containing 15-25 per

cent of manganese oxide with 20-30 per cent of iron oxide.

Opinions concerning the genesis of these deposits have greatly altered

with the lapse of time. According to Emmons and Irving, the Leadville

sulphide ore represents a metasomatic replacement of the country-rock,

principally of hmestone, this replacement having taken place after the

intrusion of the porphyry but before the beds were tilted. The evidence

of this posterior limit lies in the fact that the ore-bodies are cut off by the

faults brought about at that tilting, which probably took place at the end

of the Jurassic and before the beginning of the Cretaceous. The deposits

therefore are pre-Cretaceous.

The importance of the Leadville district may be gathered from the

following figures : in the year 1908 the Leadville mines produced 33,127

tons of carbonate ore, 117,423 tons of oxidized ore, 162,188 tons of

sulphide ore, 70,197 tons of zinc ore, 92,187 tons of quartzose ore, and

1500 tons of manganese ore, making a total of 476,622 tons, which contained

68,135 oz. of gold, 3,509,378 oz. of silver, 9005 tons of lead, 3205 tons of

copper, and 16,846 tons of zinc. As in the same year the total lead pro-

duction of Colorado was some 28,000 tons, of this the Leadville district con-

tributed approximately one-third. For comparison, the total lead pro-

duction in the United States during that year was 314,067 tons.

The Occurrence of Silver at Eureka, Nevada
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The Eureka mountains consist of limestone, quartzite, sandstone, and

slate, of Cambrian, Silurian, Devonian, and Carboniferous age. These

formations, having a total thickness of many thousands of feet, have been

subdivided in a most detailed manner by Hague. The Cambrian system,

which here is of particular interest, is represented by the following sequence
;

first a brownish-white quartzite 1500 feet in thickness with intercalated

argillaceous beds, this quartzite being known as the Prospect Mountain

quartzite ; then an overlying grey compact limestone more than 3000 feet

thick, the Prospect Mountain Hmestone ; then yellow and grey shales,

known as the Secret Canon shales, among the upper members of which thin

beds of limestone are fomid ; next the Hamburg limestone 1200 feet thick
;
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Quarter- Eureka Pogonip Hamburg Hamburg Secret Prosp. Jit. Prosp. Mt. Rhyo- Rhyo. Granite,
nary. Quartzite. Limestone. Shale. Limestone. Caiion. Limestone. Quartzite. lite. lite.

Silur. Cambrian. Eruptive rocks.

Fig. 354. Geological map of the Eureka district. Hague.

and finally a yellow shale. All these are cut by a large number of

faults.

The ore-deposits in their occurrence are limited to the Cambrian lime-

stones, none being known below the Prospect Mountain Umestone. In that
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limestone however, from its lowest sections right to the Secret Canon

shales above, deposits are numerous. On the slope of Prospect Mountain,

from Mineral Hill southwards to Surprise Peak, the limestone is traversed

by fissures and irregular cavities of varpng mdth and extent. Many of

these run parallel to the bedding, while others cross it apparently at any

angle. In the cavities oxidized ore-bodies are met, many of these being

connected with one another by narrow channels or seams more or less filled

with ore. The Williamsburg mine to the west exhibits a good example

of a deposit filling an irregular cavity, while to the east the Geddes and

Bertrand mine lying to the extreme south, works a well-defined fissure-

filling. In the latter mine a large east-west rhyolite dyke traverses the

limestone and the overlying shale.

The second ore horizon is the Hamburg limestone, which on Adam's

Cambrian.

Fig. 355.—Section through Ruby Hill and Adam's Hill in the Eureka district,

along the line AB indicated in Fig. 354.

Hill and in the immediate vicinity of the Secret Caiion shales contains

many ore-bodies. Those for instance w^orked in the Price and Davies

mine belong to this horizon. Similarly, the Wide-West mine exploits ore

occurring in the upper portion of this limestone close under the Hamburg

In isolated cases ore is also found in still younger formations, as in the

case of the Ruby Hill deposit. Ruby Hill consists of the three lowest

Cambrian beds, the Prospect Mountain quartzite, the Prospect Momitain

Hmestone, and the Secret Canon shales, which dip north fairly regularly

at an angle of 40°. The country is nevertheless greatly affected by different

large faults known as the Ruby Hill fault, the Jackson Hill fault, etc.,

these being in close connection with large rhyolite intrusions which around

Ruby Hill are fairly numerous. Since in many cases, in the Jackson and

Dunderburg mines for instance, the ore is found along these faults, it is

generally speaking younger than the intrusions.

The ore, chiefly galena and pyrite, was primarily deposited in the

limestone from a complicated network of fractures. The primary ore
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thus formed was subsequently subjected to an oxidation so long continued

that to-day unaltered sulphides are practically never found above the

ground-water level. The numerous carbonates, sulphates, arsenates,

molybdenates, and chlorides of the oxidation zone are without exception

rich in gold. Wulfenite, in brilliant lemon- or orange-coloured' crystals,

occurs in comparatively speaking large amount, giving to these deposits

a resemblance to those at Bleiberg. An analysis of an average sample of

the ore won during the year 1878 gave 35-65 per cent of lead oxide, 34-39

per cent of iron oxide, 2-37 per cent of zinc oxide, and 6-34 per cent of

arsenious acid, with 27-55 oz. of silver per ton and 1-59 oz. of gold.

The occurrence of tellurium, probably in association with bismuth, is

interesting.

The geological age of these deposits can only be Pliocene or post-

Pliocene. From their occasional association with rhyolite dykes no reliable

conclusion may be drawn that there exists a genetic relation between the

two.^ The primary sulphides however doubtless came from depth, sub-

sequent to which they suffered oxidation from meteoric waters.

The Missouri-Mississippi District in Kansas, Indian Territory,

Arkansas, and Illinois
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of a Geol. Survey. VI., 1897.

—

J. F. Kemp. Ore Deposits of the United States and Canada.
—J. C. Branner. ' The Zinc and Lead Region of North Arkansas,' Ann. Rep. Geol. Survey
of Arkansas, V., 1900.—W. E. Burk. ' The Fluor.spar-Mines of AVestern Kentucky and
Southern Illinois,' The Mineral Industry, 1901, IX. p. 293.—C. R. van Hise and H. F. Bain.
' Lead and Zinc Deposits of the Mississippi Valley,' Trans. Inst. Min. Eng., London, 1902.

—

H. Foster Bain. ' Some Relations of Paleogeography to Ore Deposition in the Mississippi

Valley,' Compte Rendu, Congr. Geo. Intern., Mexico, 1906, I. p. 483.

—

Ch. R. Keyes,
' Diverse Origins and Diverse Times of Formation of the Lead- and Zinc-Deposits of the

Mississippi Valley,' Trans. Amer. Inst. Min. Eng. XXXI., 1902.

—

Horten. ' Der Zinkerz-

bergbau bei .Joplin, Missouri, und seine wirtschaftliche Bedeutung,' Zeit. f. d. Berg- Hiitten-

und Salinenwesen im pr. Staate, 1902, Vol. L.

The low ground to the north of the GuK Plains and south of the Lake

Superior area, is a wdde expanse of flat-lying mialtered Palaeozoic sediments,

which to the west disappear mider the Red beds and Cretaceous sandstones

^ Ante, p. 557.
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of the Great Plain, and to the east are bounded by the Appalachian Moun-

tains wliich, though themselves consisting of Palaeozoic beds, break the

farther continuity by their complicated structure, the result of Permian

orogenies. The low ground itself has suffered no great disturbance so that

the beds lie almost horizontal ; the predominating rocks are dolomite,

limestone, slate, and sandstone, while of the coarser sediments there is an

almost complete absence. These rocks lie upon a pre-Cambrian crystalline

basement which comes to surface all around this area. Eruptive rocks,

but for a fewdykes, are absent. The sediments range from Middle Cambrian

to Permian ; they represent the product of uninterrupted and regular

deposition upon an even floor.

In this vast district where mining began in the year 1719, three centres

may be distinguished : (1) South-eastern Missouri, with a yearly production

of lead, iron, and copper to the value of approximately 120 million dollars
;

(2) South-western Missouri and the adjoining portions of Kansas and

Indian Territory, with a yearly zinc and lead production of 118 million

dollars ; and (3) South-western Wisconsin and the adjoining portions of

Illinois and Iowa, the annual lead, zinc, and copper production of which

reaches 60 million dollars.

In the Upper Mississippi or Wisconsin lead-silver district the ore

occurs exclusively in Silurian beds consisting of Cincinnati slate ; dolomitic

galena-Umestone, 1S5 m. in thickness, equivalent to the Upper Magnesian

limestone of the Lower Silurian Trenton period ; oil shale ; limestone,

12-30 m. thick
;
greenish-brown shale ; St. Peter's sandstone ; and lower

dolomitic limestone, 30-75 m. thick. These Silurian beds lie upon the

Potsdam sandstone of the Cambrian system. The occurrence of ore is

limited to the limestones. The mines have a depth of but 30-60 m. and

no ore is found very much below ground-water level. Above that level

it occurs either as ' sheets ' filling vertical fissures in a practically undecom-

posed country-rock, the width of such sheets being seldom more than

3 inches, the length in the most favourable cases 100 feet, and the extension

in depth generally 20 to 40 feet ; or as ' openings,' these being the cavity

enlargements in which the conditions for the deposition of lead ore were

especially favourable ; in these the galena is generally embedded in ferru-

ginous clay. One such ore-body, that known as Levins lode at Dubuque,
was 130 feet long, 45 feet high, and 30 feet wade. Where the dimensions

are very irregular so that a series of such openings connected with one

another by narrow channels exists, the occurrence is termed a ' crevice

with pocket openings.' These are chiefly limited to the upper portion of

the galena-limestone, while in the lower portions, flat sheets or flat openings,

which generally extend horizontally and parallel to the bedding-planes,

are the characteristic form of deposit. The difference between the vertical
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and flat sheets lies entirely in the lay of the long axis. Above the ground-

water level galena and zinc carbonate are the usual ores in the gash veins,

while in the flats, sphalerite, galena, and marcasite occur, either in intimate

intergrowth or in alternate layers.

The principal ore of these deposits is a very pure galena containing

but Httle silver. This galena occurs crystallized chiefly as cubes and often

accompanied by sphalerite and zinc carbonate. Pyrite and chalcopyrite are

comparatively speaking uncommon ; limonite on the other hand appears

invariably to accompany the lead- and zinc ores. Calcite and barite are of

small importance, while quartz and the compomids of lead with arsenic-

and phosphoric acids, are almost entirely absent. The occurrence of

mammoth bones and other bones with galena in cavities, is evidence of the

time of formation and of the aqueous origin of the ore.

The most important mine of the district is La Motte, which began

work as far back as 1720. The mines generally are irregularly distributed

throughout the district in groups separated from one another by large

barren stretches. According to Bain it would almost appear as if certain

smaller basins were favoured by the ore-deposition. Some five-sixths of

the lead-zinc production of the entire region is derived from the Wisconsin

district.

In addition, the Missouri-Kansas occurrence mth Joplin as centre, and
that of Illinois-Kentucky, deserve mention. The geological position of

the ]\'Iissouri deposits is similar to that of the Wisconsin deposits but with

this difference, that the ore occurs in the Lower Carboniferous Cherokee

limestone which is overlaid by Upper Carboniferous beds and underlaid

by slates. In the Illinois district the deposits are galena- and sphalerite

lodes remarkable for the amomit of fiuorite they carry, this mineral being

sometimes so abundant as to be mined at a profit.

Concerning the genesis of these deposits there is an extensive literature.

AVhitney, Chamberlin, and others, advocate a primary metal content in the

limestone, which content subsequently became concentrated, the occurrence

according to this \'iew representing a special form of lateral secretion.

Blake, Van Hise, and others, regard the primary ores as formed from

ascending solutions, the former assuming these to have been hot springs

and the latter artesian waters. Bain in his last work returns again to

the idea of the original deposition of the metalliferous material from

sea-water.

We, however, are of the opinion that the occurrences in the i\Iississippi-

iVIissouri region owe their primary deposition to ascending solutions, the

primary ores so deposited appearing to-day unchanged below gTound-water

level—the occurrence of fiuorite in certain lodes, as Beck has rightly

pointed out, supports this view—and that subsequently, by the action of
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meteoric waters, a transformation of these primary ores to oxidized ores

took place, such transformation being intimately connected with oxidation-

metasomatism. The occurrence of the galena deposits in basin-shaped

areas separated from one another by larger stretches of poor country, points

in our opinion to conditions similar to those obtaining in Upper Silesia.

In the Mississippi-Missouri district, also, fissures play a large part, so that

it is not so much the basin-shape which has compelled the deposition of the

ore in particular places, but the number of fissures there collected.

The importance of these deposits may be gathered from the following

figures of production. In the year 1908 the Joplin district produced

259,609 tons of zinc ore and 38,514 tons of lead ore, distributed over the

different States as follows :
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ore. The first, containing but a few per cent of lead, consists of argenti-

ferous galena with a fine-grained, generally microscopic admixture of

argentite, pyrargyrite, etc., some sphalerite, pyrite, arsenopyrite, and rare

antimony- and copper minerals. The second contains chiefly sphalerite

with a little galena and pyrite, but practically no copper. In this zinc

ore particularly, and perhaps exclusively, some cinnabar with native

quicksilver and amalgam occurs, the ore on an average containing

at least 0-01 per cent of quicksilver. Both these ores are found in the

dolomitic limestone over an area 800 m. long and a hundred or two hundred

metres wide. Roughly in the middle of this area a large fault-zone often

several metres wide occurs, which, as indicated in Figs. 356 and 357, is

accompanied on both sides by a nmnber of similar but smaller fissures.

Fault

Fitt. 356.—Horizontal section of the Sala mine at a depth of 190 metres. Sjogren, 1910.

The filling of this zone consists of crushed fragments of dolomite, with

calcite, talc-, chlorite-, and serpentine minerals, etc. ; metalliferous

minerals, apart from a little pyrite and associated sulphides, are absent.

The silver-lead ore occurs in steep cliimneys and net-like impregnations

within the dolomite and in the neighbourhood of the fault-zone. In the

upper levels particularly, which were exhausted centuries ago, the ore was

very argentiferous. In depth the deposit has become poorer, though the mine,

which is now four hundred years old and whereof many of the workings have

collapsed, has only reached a vertical depth of 275-300 metres. The ore-

body pitches at an angle away from the line of dip.

The zinc ore forms in the dolomite flatly-dipping pipes 6-12m. wide,

enclosing many fragments of dolomite and throwing off many branches.

The strike of the limestone-dolomite bed in the neighbourhood of the

mine is north-north-east, that of the main ore-body, north-north-west,

and that of those zinc deposits which have so far been investigated,

N. 5° E. In view of this disposition and the brecciated character of

the ore, the deposits cannot be of sedimentary origin. The differences
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MinedArea

Ore- body

LClJT'Uj diJ iTTl

Main Fault.

between the silver-lead ore and the zinc ore, both in respect to mineral-

character and to strike, may, according to Vogt, be because the two classes

of ore were probably not formed at exactly the same time.

The ore is intermixed more particularly with the mineral sahte—

a

variety of diopside named after this place where it was discovered

—

the amphiboles tremolite and actinolite, and some biotite, talc, chlorite,

serpentine, epidote, garnet, and tourmaline, the last few minerals being

however very imcommon. In

one of the zinc ore -bodies a

considerable amount of barite

was also found.

The mineralization is younger

than the dolomitization. The

fault-zone and the mineraliza-

tion are, according to Sjogren,

associated occurrences and ap-

proximately contemporaneous.

The action of silicated solutions

upon the dolomite brought about

the formation of the lime-mag-

nesian silicates, salite, tremolite,

etc., simultaneously with the

deposition of the ore. In many
respects the occurrence at Sala

agrees closely with the ordinary

silver-lead-zinc deposits. The

occurrence of salite, tremolite,

etc., constitutes however a

marked difference which, according to Vogt, may perhaps be explained in

that the minerahzation took place mider physical-chemical conditions similar

to those obtaining at the formation of contact-metamorphic deposits.

Mining upon this particular deposit began in the year 1500 and

reached its zenith in the first half of the sixteenth century. The total

production amounts to some 400 tons of silver, made up as to 200 tons

obtained from 1510-1600 ; 63 tons from 1601-1700 ; 37 tons fi'om 1701-

1800 ; and 87 tons from 1801-1908. Latterly the production of silver

has almost ceased, w^hile that of lead has always been small. Zinc on the

other hand is now being mined ; at Sala therefore, as vnth. many other

lead-zinc deposits, zinc mining has with time taken the place of silver-lead

mining.

Z
Diabasp dyke.

Faults.

Via 357.—Cross section of the Sala mine.

Sjogren, 1910.
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The Woeld's Production of Lead- and Zinc Ores and their

Distribution among the different Classes of Ore-Deposit

This we begin by a statement of the production of metalUc lead and

zinc taken from yearly compilations of the MetaUurgishe Gesellschaft of

Frankfort :

^
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of the Bergwirtschaftlichen Zeitfragen and in the April issue 1910 of

the Bergwirtschaftlichen Mitteilungen, both pubhshed by M. Krahmann,

BerUn. According to this authority the twenty most important lead

deposits of the world in 1907, produced in that year lead ore to the following

values :

Broken Hill
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Missouri-Kansas



THE ANTIMONY LODES

As may be surmised from the small yearly production of metallic antimony,

lodes carrying this metal are not very numerous. Since antimony sulphide

is one of those compounds which form sulpho-salts, the formation of anti-

mony deposits is probably analogous to that of the cinnabar deposits.^

Such an analogy is further suggested by the fact that stibnite, though only

to a subordinate extent, accompanies cinnabar in its deposits. Morpho-

logically however, there is this difference between the two, that stibnite

occurs chiefly as a fissure-filHng, while cinnabar occurs preferably as an

impregnation in sandstone, etc.

Most antimony lodes, and perhaps even all, occur associated with

eruptive rocks, being indeed often found within such rocks. Many, as

for instance those of the Central Plateau in France, occur in connection

with granite ; while others are found associated with young eruptives of

various composition.

Antimony lodes are usually simple lodes and possess but limited

extension in strike. The extension in depth is' also generally inconsider-

able, a rapid pinching out in depth having often been established. The

width of the lodes worked to-day is generally but a few decimetres

and seldom as much as one metre. The distribution of the ore along

the lode plane is not regular but subject to great irregularity. On
accomit of the relatively small amount of antimony available in the

earth's crust for natural concentration, none of the antimony deposits

can be described as large.

Among the minerals found in antimony deposits, stibnite pre-

ponderates, following which come arsenopyrite, galena, sphalerite, pyrite,

chalcopyrite, realgar, and orpiment. The stibnite occurs in fine-grained,

occasionally almost compact or fibrous crystalline masses, which, with

a little quartz admixed, often make up the entire width. The lodes

occur either independently as a special type, or in connection with

lead-silver lodes. Only those of great purity are worked as the market

^ Ante, p. 457.



778 ORE-DEPOSITS

heavily penalizes impurities iu the pre for sale. Such ore for instance

should not contain more than 0-25 per cent of arsenic, nor more than 0-75

per cent of lead or copper. Quartz is the most prominent gangue ; limonite,

calcite, and barite are less frequent.

Antimony mining has nowhere attained to any great depth so that no

definite primary depth-zones have been observed ; the above-mentioned

change from rich ore in the upper sections to poor ore lower down, must
however be regarded as a primary variation. Of the secondary depth-zones

only an oxidation zone has yet been observed and no secondary enrichment

of antimony appears therefore to take place. The secondary ores resulting

from the oxidation of stibnite are stiblite, valentinite, and senarmontite.^

The accessory precious metal contained in stibnite is of particular

interest. Gold often occurs, and stibnite should accordingly always be

assayed for that metal. This association is so pronounced that all gradations

are found between antimony deposits pure and simple and ordinary gold

deposits.- If the gold content increase so that gold becomes the main

object of exploitation, the demands which must be satisfied to ensure the

payability of the deposit are quite other than those ^^-ith pure antimony

deposits.

The most important antimony deposits as far as the market is con-

cerned are those of China, from which country a considerable amount of

ore assaying 50 per cent of antimony is exported. France produces

approximately an equal amount which however is consumed in that

country itself. In addition, there are large occurrences in the United

States from which coimtry however there is like^vise no export. Consider-

able deposits are also kno\ra in Australia, though there the costs of

production are so high that these may only be worked ^\ith advantage

during times of high metal price. Smaller occurrences with miimportant

production are found in Spain, Portugal, Algeria, Hungary, and Bohemia.

The parts taken by the different countries in the antimony market are

illustrated by the following table pertaining to the year 1908.

England .

France
Bplgium .

Austria
United States

Japan

Total

about 8,100 tons

5,000
800

6,000
3,000
300

about 23,200 tons.

The price of metallic antimony fluctuates greatly ; in the year 1907,

for instance, it varied from something less than £37 : 10 : per ton to

£110 per ton.

1 Ante, p. 101. 2 ^„/g^ p 601.
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Antimony sulpho-salts such as tetrahedrite, pyrargyrite, stephanite,

bournonite, etc., are comparatively plentiful in many lead-silver lodes of

the older as ^yell as of the younger group ; stibnite also is found at times,

though only exceptionally in any considerable quantity. In the treatment

of these ores the antimony oxide collects, together with lead oxide, in the

skimmings and by-products, these being afterwards worked for antimonial

or hard lead. In the production of tliis technically so important antimony

alloy, metallic antimony reduced directly from its ore is not used ; indeed

the application of this metal is in general fairly limited.

Individual Occurrences
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An interesting deposit is that at the Jost-Christian mine on the Wolfs-

berg in the Harz, where a lode, something more than one metre wide

and occurring in the Lower Wiederschiefer, consists of prismatic and

compact stibnite, together wLth. federerz and lead-stibnite ; while zundererz,

boulangerite, and wolfsbergite are less common. The gangue consists of

strontianite, calcite, barite, selenite, and fiuorite.

Better-known occurrences are found at Pficov in the mid-Bohemian

granite, some 4 km. north-west of Selcan, at the foot of the Deschnaberg.

In the amphibole-biotite granite there, narrow kersantite dykes occur, with

which the antimony lodes appear to be associated, these lodes usually

containing decomposed kersantite. The lodes at their outcrop show
abundant stiblite as the oxidation product of the stibnite, as do

also those in the neighbouring districts of Schonberg and Mileschau. At
Pfifov, in addition, porous and cellular hornsfone is found in casts after

stibnite, in which casts the ochreous remains of the original crystals have

settled down. 8uch decomposition reaches to a depth of about 18 metres.

The Emil lode, which has been examined to an inclined depth of 62 m.,

strikes north-south and dips 40°-50° to the west, while in width it varies
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between 10 cm. and 50 cm. The filling consists of milk-white or bluish

hornstone with crystals of stibnite regularly scattered in radial aggregates

throughout. Less frequently crusted structure is found, while in other

places the stibnite preponderates, the separate crystals matting themselves

together to form a compact aggregate. The blue-black colour of the lode

material is due to microscopically small stibnite crystals. An interesting

feature here is that at recrystallization the hornstone has become trans-

formed to ordinary quartz, a phenomenon which Beyschlag and Krusch

also observed in the gold- quartz lodes at Donnybrook.^ The dark

hornstone, according to C. Mann, contains 3-5 per cent of antimony.

The other veins in the district form a network, the character of the vein

material being very similar to that of the country-rock. In regard

to genesis, Hofmann considers that mineral solutions carrying siHca and

stibnite were responsible for the hornstone, which is the cryptocrystalline

variety of quartz, while the ordinary quartz occurring as stringers and nests

in the hornstone is without exception secondary. Unlike the neighbouring

lodes of Schonberg-Mileschau those at Pricov contain no gold.

The Schonberg-Mileschau antimony lodes have equal right to be con-

sidered gold deposits. They occur 55 km. south of Prague in a granite

area traversed by kersantite dykes with which in several cases the lodes

are associated. In contra-distinction to the occurrences at Pfid^ov,

the lodes here are quartz-stibnite lodes remarkable for the gold they

contain, this not infrequently being discernible to the naked eye. This

gold content however is not everywhere sufiicient to warrant mining on its

accomit alone ; according to Hofmann ^ it varies between 4 and 17 grm.

per ton. Genetically, Hofmann regards these lodes, as also those at

Pridov, as a consequence of the intrusion of the granite, or perhaps of the

kersantite. Another antimony lode occurs at Kfitz in the neighbourhood

of Rakanitz, at the contact of phyllite and diabase.

The antimony occurrence upon the Central Plateau in France is

economically important, a large proportion of the lodes there occurring

being payable. To the north, though still south of the Colettes granite

massive, the Nades mine in the department of Bourbonnais works a deposit

which occurs in the mica-schists surromiding that massive. Two lodes

are known, which strike south 30° E. and of which the larger has a ^^^dth

of 1-20 metres. The gangue consists of quartz. This deposit was worked

uninterruptedly from 1829 to 1837, after which date it remained untouched

for fifteen years, when work was again begun.

Farther to the east near Bresnay in the department of Souvigny, two

other lodes with similar strike to the above are fomid in a muscovite granite,

this granite being similar to that at Magurka in Hungary. The lode-filling

^ Zeit.f. prakt. Geol., 1900, p. 172. " Op. cit.
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consists of quartz with stibnite, which latter near the sui'face is oxidized.

Mining, wliich began here in the year 1763, ceased before the end of that

century.

At Montignat in the west of the department Alher, in the rural

district of Petite-Marche, another lode is known, which strikes about

N. 30° E. and dips 45° to the east, along the contact of granite and gneiss.

At Villerange, still farther to the west, an interesting lode occurs in Culm

grauwacke, the geological age of this occurrence being consequently more

exactly determinable. It is a quartz-stibnite lode striking east-west and

dipping north ; the quartz and the stibnite appear to be contemporaneous.

To the south of Saint Yrieix, in the department of Haute Vienne, mica-

schists or amphibole-schists are traversed by numerous granitic dykes

which strike north-east and are 0-5-1 m. vdde. These often carry

quartz with stibnite ; one such dyke, one metre wide, exhibits for

instance two zones of a grey milky quartz, each 8-10 cm. thick and

shghtly impregnated with stibnite, enclosing between them a vein of

sohd stibnite 1-2 cm. thick. Other lodes are known at Chanac and

Valfleury. At the former place they are 0-40-0-70 m. wide and occur

in clay-slate, while at the latter they are quartz-stibnite lodes in gneiss,

this gneiss being regarded as derived from granite.

The more important deposits of the Central Plateau are however those

at Freycenet, La Licoulne, etc., in Puy-de-D6me, Le Cantal et la Haute

Loire, respectively. These occur as vertical lodes containing lenses of

stibnite separated by barren stretches, in Archaean gneissic mica-schist or

in granite ; a lens of compact stibnite 20-30 cm. thick and 12 m. long, for

mstance, will be followed by a barren stretch 10-15 m. long. The average

thickness of the payable material is 15-30 cm. The stibnite is sometimes

intimately intergrown ^^-ith quartz. It almost invariably contains iron,

a fact which is often insufficiently reahzed, mth the result that too high

an idea of the antimony content is obtained. At the outcrop, antimony

oxide occurs in crystalline or amorphous masses of variable colour. These

were formerly overlooked. Since 1889 however they have been carefully

collected for export to England or Germany. At Freycenet a quartz lode

contains lenses 30-40 cm. thick and up to 15 m. in length which consist

of almost pure stibnite ^^^th but 8-10 per cent of quartz. These are

separated from one another by quartz so impregnated w^th stibnite as

sometimes to contain as nmcli as 25 per cent of metalhc antimony.

The deposits at La Licoulne in Haute Loire occur in an extensive

gneiss plateau l>^ng at an average height of 980 m. above the sea and

furrowed by valleys eroded to depths of 200 metres. As country-rock

are found all gradations from varieties which may be described as granite

to such as greatly resemble mica-schist. The numerous stibnite lodes
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belong to two systems, one striking N. 30° E. and the other N. 60° E.

Geographically, in this important district four groups may be recognized,

namely, those at Mercoeur, Montel, Valadou, and La Licoulne. At
Mercoeur the Bissade lode is the most important. This may be followed

for a length of 2500 m. along a strike N. 30° E., with a width of 30-60 cm.,

of solid stibnite accompanied by a little quartz. In places this lode breaks

up into several veins. The separation from the gneiss is fairly sharp

though veins and nests are occasionally found beyond the walls. At Montel

the deposits have nowhere been exploited. At Valadou, on the other

hand, a lode has been opened to a depth of 110 m., along a strike

varying from N. 45° E. to N. 60° E. This lode occurs in very tough

old slates which its presence leaves quite unaltered. In it the

stibnite forms a number of shoots up to 30 cm. in thickness, and separ-

ated from one another by barren stretches. The stibnite here appears

to contain more silver than that at Mercoeur. This lode is cut by a quartz

vein striking N. 30° E. and containing nests of antimony ore. At La
Licoulne there are several irregularly disposed lodes, of which the two

most important have been investigated to a depth of more than 300 m.

on the incline.

At Malbosc in the department of Ardeche, quartz-stibnite lodes with

north-east strike traverse mica-schists, not far beneath which lies the La
Lozere granite. An interesting feature of these lodes is that they carry

some calcite and barite. The stibnite appears either in the form of well-

defined nests, or as irregular, veins up to 10-20 cm. thick. The occurrence

of these veins is very irregular and uncertain ; sometimes they are out

in the hanging-wall, sometimes actually on the wall of the quartz lode,

while often they split up or die out completely. This irregularity has

caused work upon these deposits repeatedly to be given up.

The occurrences in Japan are of great interest. In general these are

lodes which traverse Mesozoic and Palaeozoic formations, and but seldom

are found either in the crystalline schists or in Tertiary rocks. They often

occur in sediments near the contact with intrusions of quartz-porphyry, or

in that eruptive itself. While in Japan the areas occupied by Mesozoic

beds are in general remarkable for their poverty in other useful metals, they

are comparatively rich in antimony. The most important deposits occur

at Kano in the province of Suwo, where a lode in Mesozoic country is

worked ; at Hanta in the province of Yamato, lodes in similar country
;

at Taguchihara in the province of Hyuga, in similar comitry ; at Ichino-

kawa in the province of Jyo, in crystalline schists and Mesozoic beds
;

at Nakase and Nakagawa in the province of Tajima, in Palaeozoic beds
;

at Arahira in the province of Hyuga, in Palaeozoic beds ; and finally, at

Amatsutsumi in the same pro\dnce, but in quartz-porphyry. Geographic-
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ally these deposits occur more particularly in the bend of southern

Japan, and especially along the outer curve. The antimony production

of Japan in the year 1907 was 562 long tons, and in 1908, 537 long tons.

The Occurrences in Asia Minor, etc.

LITERATURE

Br. SiMMERSBACH. ' Die nutzbaren mineralischen Bodenschatze in der kleinasia-

tischen Tiirkei,' Zeit. f. d. Berg- Hiitten- und Salinenwesen, 1904, Vol. LII. p. 515 ;
' Die

wirtschaftUche Entwicklung einiger Bergbaubetriebe in der Tiirkei,' VerhancU. des Vereins

zur Beforderung des Gewerbefleisses, 1905, p. 487.—K. Schmeisser. ' Bodenschatze und
Bergbau Kleinasiens,' Zeit. f. j^rakt. Geol., 1906, p. 186.

The occurrences of antimony in Asia Minor are found in the vilayets

Brussa, Smyrna, and Siwas. That in Brussa is represented by lodes

0-1-2-0 m. \\dde, worked in a mine known as the Gometschiftlik-

Antimon-Maden belonging to the Sultan, situated 24 km. east of Gedis

on the south-western slope of the Kysyl-Dagh. The yearly production

is about 500 tons of antimony ore. Half a kilometre south of Demirkapu
there are other antimony mines at Irvindi and Siilukkoi. In the vilayet

of Smyrna, a double lode, the outcrop of which may be followed for 2 km.,

is worked in the Tschinlikaja mine 20 km. south-east of Oedemisch and
100 km. east-south-east of Smyrna, on the north-west slope of the Baliam-

boli-Dagh. The width of this deposit varies from a few centimetres to some
metres. In 1898, 500 tons of ore valued at about £6000 were won. In the

same vilayet, the mines near Rozsdan and Aidin, and finally the Geramos
and Kordelio mines, also occur. In the vilayet of Siwas, antimony ore

has been opened up at Karahissar.

The deposit at Allkhar north-west of Salonika in Macedonia is

well - known. As however no quartzose gangue is present and the

comitry-rock in the foot-wall consists of limestone, this deposit may be a

metasomatic occurrence.

Other antimony lodes are known at Bastia on Cape Corse in the

north of Corsica, in Archaean sericite-schists. At Su Suergiu in Sardinia,

lenticular masses of stibnite and pyrite occur in a zone several hmidred
metres long and 40 m. Avide, in graphitic schists and calc-phyllites,

presumably of Silurian age. In Tuscany, a lode one kilometre long is

known to occur in Eocene and Miocene beds ; while finally, in Portugal

a number of occurrences are known at Casa Branca, Oporto, and Alcoutim,

some of which are auriferous.
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Metasomatic Antimony Deposits
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The geological position of the deposits of this class is uncertain and

indefinite. Presumably they have arisen by replacement of Umestone

and dolomite of different ages. Usually they are distinguished by the

absence of gangue. In the neighbourhood of the outcrop they are decom-

posed to stibhte, while the limestone is often altered to selenite and

dolomite.

It is probable that the occurrence at Allkhar in Macedonia, briefly

described above, belongs to this class. The hanging-wall of that deposit

consists of mica-schist, the foot-wall of dolomite and hmestone. The ore

occurs in stringers and lenses ^^ithout gangue, together with arsenic ores.

The width of sohd ore may at times be as much as 1-50 m., while the

occurrence has been proved for a length of i kilometres. Near the deposit

the dolomite is, highly altered under formation of sulphur and selenite.

A portion of the ore consists of realgar and orpiment.

The occurrence at Cetine di Cotorniano in the province of Siena,

Italy, occurs between Eocene limestone and Permian slate, and consists

of hornstone or lydian-like quartz, traversed by long crystals of stibnite,

and by pyrostibnite, sulphur, quartz, calcite, etc.

The ffenesis of the deposit in the Caspari mine near Arnsberg in West-

phalia still remains somewhat doubtful. Generally it is described as a

bed ; by Bergeat in his LagerstdttenleJire it is regarded as a lode-like occur-

rence ; while according to Krusch it represents a metasomatic occurrence.

The ore occurs in Culm limestone which forms the easternmost point of

the Arnsberg anticline, this anticline inclining to the east till the limestone

is covered by younger beds, more especially the Millstone Grit. An

assumed air-anticline in the neighbourhood of the Caspari mine would

join the north-west and south-east flanks of this anticline. The latter

flank has been opened up by mining operations for a length of 1100
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metres. This anticline is accompanied by a large number of secondary-

anticlines and folds which are traversed by numerous faults. The lime-

stone in the neighbourhood of the occurrence appears dark and decom-

posed. Five metalliferous beds carrying stibnite in irregular segregations

5-15 cm. thick, are known. From these beds veins proceed into the

limestone which itself contains a sprinkling of ore. On the north-west

flank the ore, consisting chiefly of stiblite, is so impure as to be un-

payable.



THE IRON LODES

Iron deposits of magmatic, contact-metamorphic, metasomatic, and sedi-

mentary origin being usually so large, it is exceptional to find an iron

lode satisfying the demands of payability, and the number of districts

where such lodes have been exploited is consequently not great.

The formation of iron lodes varies according to the particular ore

contained, and in this respect, in general, only haematite, specularite, and

siderite come into question. In a number of cases, as for instance in

Siegerland and in the Harz, the lode-fiUing can either be proved to be, or

put down in all probability as being of great age. The widely distributed

Devonian system in Germany, for instance, is remarkable for the number

of iron ore-beds found in it, while many of the German iron lodes are of

Devonian age. These, in part at least, are genetically related to old

eruptive rocks.

Since in many districts haematite- and siderite lodes occur together,

both these ores were probably formed from the same solutions. In such

cases, exactly what were the precipitants which brought these two

minerals separately to deposition, has not yet been determined, further

investigation is necessary. In the absence of oxygen, siderite becomes

precipitated from a solution of ferric bicarbonate when the excess of

carbonic acid which would keep it in solution as ferrous carbonate, escapes.

Such escape may take place when in the com-se of circulation the carbonated

solution from depth reaches the surface. In depth, the carbonic acid under

pressure keeps the ferrous carbonate in solution ; at a higher horizon

where the pressure is lower, a portion of this acid escapes, and precipitation

of siderite results.

In form, the iron lodes are generally simple lodes, the separation

between ore and comitry-rock being sharp and definite on both walls.

In length, they are generally hmited to some hvmdred metres, though they

are often collected together in series or groups which, as for instance in

Siegerland and in the Zips country, may extend for kilometres. With

regard to extension in depth, this, when considering the fissure alone, may
786

I I
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be considerable. When however the lode-filling or the payabiHty of the

deposit is considered, the case is different. In consequence of the keen

competition from the more easily worked deposits of other genesis, and of

the increase of cost with depth, work on many iron lodes has had to

be stopped, even though the iron content was well maintained. The

deepest mines in Siegerland are 425 m. deep, while in the Zips the adit

levels penetrate to points 400-600 m. below the summit.

The iron lodes being often of great geological age have been greatly

affected by more recent earth movements. It is consequently found that in

addition to ordinary faults and overthrusts, which are hardly ever absent,

the lodes, which is more rare with them, have also suffered plication

and disturbance from vertical and lateral displacements, so much so that

in many cases the original ore-body has been completely dismembered.

The distribution of the ore in the lode is not regular. The impression

is often given that the original filling was fairly simple, or at all events

more simple than that found to-day. Into this first filling, as a conse-

quence of subsequent earth movement, other solutions penetrated again

and again, gradually replacing the original filling. Did, for instance,

that consist of much siderite and little quartz, at some later period

a great part of the siderite would often be replaced by quartz. It is

consequently frequently the case with siderite lodes that both in strike and

dip bodies .of pm'e siderite alternate with others containing much quartz.

By weathering and erosion the siderite bodies of such lodes become easily

disintegrated, leaving the quartz to project upon the sm^face.

Although it is probable that the quartz-carrying solutions which

effected this alteration came from depth, it does not necessarily follow that

a siderite lode which is silicified at the outcrop is never good in depth, though

that statement is often heard. Replacement does not proceed regularly

from depth upwards, but begins at points favourable to its inception,

the remainder of the lode between the silicified patches thus formed,

retaining its original character.

Of greater interest than silicification however are the complex primary

deposition of, and the secondary replacement by sulphides. In many cases

small amounts of different sulphides, particularly pyrite and perhaps also

chalcopyrite, are deposited with the siderite. These two sulphides when
present beyond a certain amount spoil the quality of the ore, chalcopyrite

in this respect being worse than pyrite. Where the siderite is roasted

before being smelted the presence of sulphm* matters little, indeed at

times it is even welcomed since the ore after roasting is more porous. But
apart from the sulphur the copper content of chalcopyrite is prejudicial, so

that while ore containing up to 0*4 per cent of copper is accepted, ore

containing more than that amount is difficult to market. In some districts

VOL. II T
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there are in consequence mines which, formerly worked for iron, were

stopped in depth because the permissible percentage of copper had been

exceeded. On the other hand, when describing the copper lodes cases will

be instanced where siderite lodes by increase in the copper content have

gradually merged into copper lodes with as much as 3-5 per cent of

copper, and have thus become very important.

In addition to these primary sulphides, secondary sulphides such

as galena, sphalerite, and chalcopyrite, also occm\ These, as indicated

by the fact that they often occur along the walls or in separate veins

within the lode mass, are the products of later solutions. Sometimes

the original filling, and especially the siderite, has in greater part been

replaced by such veins, it is then more difficult to recognize any such

relative age. This replacement may be more or less complete ; Krusch,

in the lodes at Mitterberg near Bischofshofen, for instance, found pieces

of ore which though now consisting of quartz and chalcopyrite, formerly,

as indicated by unaltered kernels, belonged to a carbonate lode.

Such sulphides in siderite lodes are often more particularly seen in the

upper levels, though the solutions from which they were derived undoubtedly

came from depth. In appraising the possibilities of lodes of such great age

as these, the varied age of the filling must be most carefully considered.

Apart from the sulphides which have been mentioned, others have also

been found, though not in amount sufficient to make them important.

The gangue-minerals may also be divided into those which are primary

and those which are secondary. Quartz is always the most common.

The carbonates are less frequent ; where however they occm-, isomorphous

mixtures of calcium carbonate, magnesium carbonate, and ferrous car-

bonate, in the most varied proportions, are often found.

Since these lodes are generally simple lodes, rock inclusions do not

play any important part ; such as do occur represent pieces which have

fallen from the hanging-wall into the fissm-e. The structm'e of the ore,

in consequence of replacement, is complex. Not infrequently a crusted

structure consisting of bands of siderite throughout which sulphides are

disseminated, appears as the oldest structiue. From this, by meta-

somatism arose either a secondary irregular-coarse structure, or a pseudo-

brecciated structm'e still containing angular pieces of the original filling

in considerable number ; or finally, and expressive of complete replace-

ment, a simple filling, as when quartz had completely replaced the

siderite. A drusy structure is characteristic of the oxidation zone, this

zone being fm'ther remarkable for its stalactites and reniform structure.

Primary and Secondary Depth-Zones.—^Primary depth-zones have been

observed in so far that metalliferous bodies are in depth succeeded by

others which are siliceous. Since silicificatiou is mostly secondary and in
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many cases only local, siderite lodes containing much silica may in depth

again become workable. The metasomatic replacement which results in

sihcification is in itself dependent upon the greater or less resistance

presented
;

pure siderite, though chemically fairly uniform, may never-

theless, in consequence of varying internal structure, etc., behave itself

variously towards such replacement, this fact being sufficient in itself

to explain the possibility that in depth altered zones may alternate with

others of clean ore.

Another primary depth-zone may be expressed in the distribution of

the small copper- and sulphur contents, since both these metals may in

depth increase or decrease; while a similar significance may also be read

into the occasional occurrences of cobalt minerals. At Dobschau in Upper

Hungary, for instance, iron ore was first found, then copper ore, and

deeper still, cobalt and nickel ores. On the other hand, there are lodes in

which the cobalt belongs to a higher zone than that containing siderite, and

others in which there is a repeated sequence of cobalt-nickel- and iron ores.

When small amounts of lead and zinc occur with the siderite, it must

first be determined whether these sulphides represent a later sulphide

deposition consequent upon the re-opening of the fissur-e, or whether they

are contemporaneous with the siderite. In the first case pseudo-depth-

zones would arise wherein no regularity w^hatever would obtain, though

perhaps even then the sulphides would preferably be deposited in the

upper levels. In the second case, the observations recorded hitherto are

not sufficient to allow any definite regularity to be stated, except perhaps

that in lead-zinc lodes the siderite zone is seldom found above, but often

below the lead-zinc zone.

That siderite by atmospheric agencies becomes hydi'ated and oxidized

is of com-se a well-kdown fact. The vertical dimension of the oxidation

zone so formed is variable, depending upon the climate and upon the rela-

tion between the activity of erosion and the advance of oxidation. In

general, the alteration of siderite to limonite from the outcrop to depths

of 10 m. or even 15 m. is not uncommon. Mineralogically these chemical-

geological reactions are particularly interesting in that iron and manganese,

which are both common to the siderite deposits, often become separated

by oxidation. The ore resulting from these oxidation processes is generally

gelatinous, that is to say, amorphous hmonite and amorphous manganese

minerals, such as psilomelane, wad, etc., are chiefly formed. In these

amorphous masses, according to Cornu, the various forms of crystalline

limonite, and especially kidney ore, are formed by recrystallization, such

crystalline material filling the cavities and crevices. The porous and friable

nature of the limonite gossan of such iron lodes is of particular im-

portance to the miner and metallurgist. Similarly, from the amorphous
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manganese ore, crystallized minerals such as pyrolusite are formed, though

crystaUine manganite and pyrolusite are sometimes formed directly and

without passing through an intermediate gelatinous stage.

Unlike siderite, which generally does not contain more than 2 per

cent of moisture, limonite contains at least 8 per cent and may contain

as much as 15 per cent or even more. Where therefore the distance

between the mine and furnace is great the transport cost of limonite will

be considerable. On the other hand, though experience has shown that

when the width of the siderite deposit is great the cost of mining in this

material is not so high as might be expected, mining in the limonite gossan

is easier than in siderite. It must however be remembered that though

hmonite has a higher iron content than siderite, the above-mentioned

difference in the moisture offsets this advantage. When therefore the

siderite is pure the difference between the mining cost in the primary and

oxidation zones is on the whole not very considerable.

In relation to the iron content no cementation zone is known in these

deposits, the primary zone follows immediately after the oxidation zone.

When however a small copper content is present in the primary ore or

silver occurs in any galena or sphalerite present, then between these two

zones a silver- or copper cementation zone may occur, though this would

in any case be unimportant, indeed in the presence of undecomposed

siderite the concentration of these other metals is usually overlooked. Such

a combination of fresh siderite with cementation minerals is however

not uncommon, since the formatiou of the cementation zone demands the

absence of oxygen ^ and the activity of reducing agencies only, conditions

which are without effect upon the siderite.

On account of the low value of siderite, referred to in introducing this

subject, only such lodes are suitable for exploitation as have a considerable

width. The fact that but few siderite lodes are exploited does not there-

fore imply that but few exist ; it betokens rather the many conditions

to be fulfilled before such lodes become payable. There are, for instance,

many large lodes unfavourably situated in regard to communication

and far from coal or wood, and therefore unpayable, ^^^lere fuel is

cheap or the distance between mine and furnace great, the siderite is

roasted to an oxide which, chemically considered, approaches magnetite,

and of which the iron content as compared with that in the original ore

is as 7 : 5 or 13 : 10. This convenience may in itself occasionally be the

chief factor in rendering a deposit workable. Even however under the best

conditions the successful mining of small siderite lodes cannot be mider-

taken, since in relation to the value of the ore the cost of mining is too high.

Accordingly, in Europe there are only two large iron lode-mining districts

1 Ante, pp. 140, 145.
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in operation, namely, the Siegerland and Zips-Gormorer districts, the

latter being in the Erzgebirge.

The amounts of phosphorus, manganese, and sulphur, contained in

siderite are important factors. In Siegerland the phosphorus content

for 1,862,244 tons was 0-05 per cent ; for another lot of 110,708 tons,

0-05-0-75 per cent ; and for a third lot of 9,850 tons, 0-75-1-00 per cent.

The manganese content is usually high and generally higher than -^dth

most other iron ores. This is because at the deposition of siderite the

MnCOg in solution was simultaneously precipitated, while when oxides are

precipitated the oxide of manganese is not precipitated with that of iron.

In Siegerland the manganese content reaches 12 per cent, and the line

between manganiferous iron ore and iron-manganese ore may therefore

conveniently be put at this percentage. Normal Siegerland ore on which

prices are based contains 9 per cent of manganese, whereas in that of the

Zips there is but 2 per cent. The sulphur content in siderite varies

considerably. In this connection those ores which contain so little

sulphur that they may be smelted direct, are to be distinguished from

those which must be roasted. These latter may naturally contain more
sulphur since the greater part would be driven off in the roasting, while

the iron associated with the sulphur would remain to benefit the ore.

The price of siderite at the mine varies with its distance from a furnace.

By the Siegerland ironstone syndicate, for example, the price is based upon
the content of the average ore, and then adjusted according to supply and
demand. Under these circumstances the price within the last few years

has varied between £9 : 15 : and £6 : 10 : per ten tons.

The lode-like haematite- and magnetite deposits must now be briefly

described. These belong generally to the class of simple lodes, those of

magnetite being much less frequent than those of haematite and specularite.

The mdth of these lodes is usually small and generally under one metre. It

is seldom that the iron oxide occurs crystalhne as specularite, it is generally

a compact earthy or fibrous haematite. Quartz, hornstone, and jasper form

the gangue, carbonates and barite being uncommon. When magnetite and
haematite occur together in the same lode it is a question—and particularly

when eruptive rocks exist in the neighbourhood—whether the magnetite is

primary, or whether it is secondary and the result of contact action upon
haematite, etc.

Primary depth -zones may often be observed when haematite and
manganese ores occur together. In such cas^s the manganese occupies a

higher zone than the iron. It was formerly supposed that atmospheric

agencies had little effect upon haematite and specularite. Experience has

however shown that both these ores at the surface often become altered

to limonite, and that lodes containing these oxides may have the same
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gossan as siderite lodes ; in fact even magnetite w liich is so uncommon
in lodes, may by meteoric waters become changed to limonite.

SlEGERLAND
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In the Lower Devonian of Siegerland, the southernmost portion of

the province Westphaha, iron lodes occur chiefly in three districts, namely,

a northern district between Miisen and Olpe ; a central district between

Siegen and Altenkirchen ; and a southern district between Altenkirchen

and the Rhine.

This Lower Devonian, of which the stratigraphy has not yet been

completely determined, consists chiefly of clay-slates more or less arenaceous,

sandstone, and grauwacke, these beds having been folded into north-east

anticlines and synchnes and subjected to a number of disturbances.

According to Denckmaun, lodes occur in all the different stages, from
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the Gediimiau, through the Siegen, and up to the Coblenz, though in these

last they are considerably smaller. With the siderite lodes, lead- and
zinc lodes carrying siderite also occur, these generally appearing around

the margins of the siderite district and in all formations from the lower-

most Devonian to the Upper Carboniferous. They have been particularly

observed in the east, south-west, and north of this region.

Copper lodes, in which the copper content decreases in depth while

quartz increases, are found exceptionally. These occur not only in

the Lower but also in the Middle Devonian, cutting the hsematite ore-

beds and the accompanying diabase and schalstein which occur between

the Mddle and Upper Devonian. AVhere typical siderite lodes carry

considerable copper in the upper levels, such copper generally does not

continue below the ground-water level.

The well-known cobalt lodes, the occm'rence of which is limited to

the country between Siegen and Kirchen on both sides of the river Sieg,

are of great interest. They are found only in the Lower Devonian.

The disposition of the siderite lodes is not imiform ; they appear

rather to occur in zones, swarms, or groups, following a direction more
or less parallel to the main strike of the Rhenish Schiefergebirge, though

between such zones or groups isolated occurrences are also found. Within

the zones themselves the lodes strike most irregularly, this being even the

case with the large main lodes, though these may maintain their strike

for great distances. The term ' lode-swarm ' or ' lode-group ' suggested by
Leybold and Bornhardt is therefore more descriptive than lode-series,

which suggests a more or less parallel strike. The following swarms
or groups may be differentiated :

Siderite lodes—

•

The Schmiedeberg Group.

The Gosenbach Group.

The Kulenwald Group.

The Eiserfeld Group.

The Biersdorf Group.

The Eisener Group.

The Miisen-Silberberg Group.

Lead-silver-zinc lodes

—

The Johannessegen Group.

The Niederfischbach Group.

The Oberfischbach Group.

The Obersdorf Group.

The Altenseelbach-AVilden Group.

The Buchhell Group.
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According to Denckmann, the limits to these groups are determined

by tectonic and stratigraphical factors. The Miisen-Silberberg group,

for instance, occurs within an uphft of geologically recent date ; while a

stratigraphical dependence shows itself in the agreement in extension

between these groups and certain geological horizons. In this connection

also, the fact that the fissures of these iron lodes coincide with the

boundary fissures, branch veins, and cross-courses of subsidences presum-

ably formed in upper Middle Devonian time, is of great significance,

the determination of this fact having resulted from laborious research by

Denckmann. A knowledge of the course of these subsidences becomes

therefore of prime importance when prospecting for, or following such

siderite lodes.

Most of these lodes are steep, dipping from 60° to 90°, and they usually

cross the bedding of the country at an acute angle. Concerning their

persistence in depth, it appears that here also the statement holds good

that lodes of considerable length along the strike have also considerable

extent in depth, though throughout that extent payable and unpayable

portions alternate. Along the strike the lodes generally follow an inclined

direction in depth, that is to say, they have a distinct pitch. This pitch

as a rule, and as illustrated in Fig. 359, D, follows the line of intersection

between the lode plane and the plane of bedding.

For the greater part these lodes are the fillings of simple fissm-es,

though, as illustrated in Fig. 359, B, parallel lodes and branch veins

also occur, and the immediate country-rock may be ramified by numerous

veins and stringers of siderite and quartz. In general the lode-filling

appears to be intergrown with the couutry-rock, and only exceptionally

are ore and rock separated by clayey material. Eock inclusions, in

contradistinction to what is the case with the lead-zinc lodes, are seldom

seen in iron lodes ; when occmi'ing, they are either scattered throughout

the mass or, as may often be observed, collected particularly in the

neighbourhood of the walls, in which case not infrequently the lode

material gradually merges into country.

The lode width in Siegerland is remarkably great, being in many cases

5-10 m. and sometimes even 20 metres. In places, as in the Petersbach

mine near Eichelhardt, the St. Andreas near Bitzen, and the Neue Haardt

near Weidenau, it varies remarkably.

The occurrence of irregular ore-bodies, such as the Stahlbergstock

at Miisen, illustrated in Figs. 9 and 359, A, necessitates great caution when

speculating as to the width in depth. Decrease in width may occur either

by the approach of the walls to each other, or by the splitting of the lode

into branches which quickly die out. Sometimes, on the other hand,

the width may increase, especially where the lode makes a sharp bend,
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cases of this having occurred at the Alte Lurzenbach, Neue Haardt,

and St. Andreas mines. A dependence of the width upon the nature

of the country-rock has been noticed in so far that lodes in medium hard

or compact rock are the widest, while in the more compact and in the

softer slaty rocks they are smaller. The lead-zinc lodes on the whole

are narrower than the siderite lodes, solid ore -bodies of large size

being seldom seen
;
payable masses of large width are more often made

up of country-rock traversed by numerous ramifying veins.

The country-rock along the siderite lodes has either suffered no

alteration at all or but very little, though the occurrence in it of

siderite replacing quartzose material may often be observed. With the

specularite- and haematite lodes, on the other hand, pronounced decom-

position of the country-rock accompanied by bleaching, is common so long

as the ore continues, and accordingly ore-deposition and the decomposi-

tion of the rock must be genetically connected. With the lead-zinc lodes

there is likewise considerable decomposition, though bleaching of the

country-rock is less frequent.

Along the lodes the occiu-rence of lustrous black slate pressed into

lenses with numerous polished surfaces, is interesting. The black colour,

which was formerly ascribed to anthracite or graphite, is in reahty due

to amorphous carbon, a sample of such slate investigated by Pufahl

having shown the presence of 1-3 per cent of that element.

As illustrated in Fig. 359, disturbances are common. These may be

classed as follows :

1. Bends, folds, and kinks, in relation to which it is not easy to

determine whether they are original, or were subsequently formed.

2. Elongations and flattenings connected with a turning or twisting

of the lode, these occurring more frequently "ndth the smaller lodes. Such

were caused by movements of the country-rock along planes running

obUquely to the lode plane, or cutting directly across it.

3. Tectonic fissures, which are numerous and of the following different

natures :

(a) Normal faults, where, as illustrated in Fig. 359, E, the country-rock i

in the hanging-wall has subsided.

(6) Very flat shallow faults generally inchned upwards towards the!

north, and along which the hanging-wall has been normally or inclinedlyj

thrust upwards, as illustrated in Fig. 359, C.

(c) The so-called Geschiebe or slides, these being horizontal displace-

j

ments along planes at the most 20°-30° from the vertical, as illustrated in I

Figs. 45 and 359, F.

Lode deflections, such as resulted from obstacles in the path of]

deposition already existing at the time of the lode's formation, are inj



THE IRON LODES 799

Siegerland of little importance. Most of the disturbances formerly con-

sidered as belonging to this class have since been proved to be yomiger

than the lodes.

In regard to age, according to Denckmann the various distmbances

may be divided into two groups, an older and a younger. To the former

belong the lode fissures, which are Middle Devonian. Those produced

by the post-Culm folding are likewise of great age ; they include the

lateral displacements and certainly also the shallow faults ; they are

moreover contemporaneous wdth the overthrust of the Lower Devonian

over the Middle Devonian in the Lenne slate area.

To the younger post-Palseozoic distm-bances belong the east-south-east

to south-south-east fissures, the east-west, and the north-north-east to

north-east fissures, of which three groups the last has had greatest influence

upon the present structure of Siegerland.

The Lode-Filling.—With the iron lodes siderite forms the preponder-

ating mass of the filling, the whole mass sometimes consisting of this

mineral. The structure is irregularly coarse- or fine-grained, and only

occasionally in any sense banded or crusted. Fragments of country-

rock are common, though lodes with few or no such inclusions are

characteristic of the district. The gangue consists of quartz, any car-

bonates present representing a more recent deposition in crevices ; barite

and fluorite do not occur.

Among the primary minerals, pyrite and chalcopyrite are the most
important ; sphalerite and galena are more uncommon, being in fact

unknown in many of the deposits ; while tetrahedrite, chalcocite, bornite,

cobaltite, linnseite, nickel-stibnite, gersdorffite, millerite, boulangerite,

bournonite, stibnite, and marcasite, are present in places.

In the oxidation zone occur hmonite, lepidocrocite, gothite, pyrolusite,

manganite, psilomelane, wad, and, very rarely, rhodochrosite and malachite.

In the amorphous gelatinous iron resulting from weathering, veins of

more recent crystalline content are found.

With the lead- and zinc lodes the filling likewise consists chiefly

of siderite or quartz and rock inclusions, galena and sphalerite beino- in

smaller amount. In many lodes the sphalerite greatly exceeds the galena
;

occasionally however it only appears in depth, when it represents a deeper
primary zone. Barite, calcite, and other carbonates, as well as pyrite

and chalcopyrite, are more uncommon.

These lodes may be described under two types, namely, those with
preponderating siderite and quartz, and those consisting chiefly of fragments
of country-rock, these two types being connected by gradations. With
most lodes galena and sphalerite represent younger ores formed by the
metasomatic replacement of siderite and quartz. In depth these lodes
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often become poor, passing over to iron- or quartz lodes, cases of tliis being

known at the Lohniannsfeld mine at Altenseelbach, Peterszeclie at

Burbach, Wildberg at Wildberger Hiitte, Bliesenbacli at Engelskircben,

etc. In other cases the lead and zinc have continued to greater

depth, sometimes to as much as 400 m. or more, the Viktoria mine

at Littfeld being 380 m., and the Wildermann-Stahlberg at Miisen

424 m. deep.

In the oxidation zone, in addition to the oxidized iron- and manganese

minerals, occur the oxides, carbonates, sulphates, and other combinations

of those other metals which in the primary zone are associated with sulphur.

Below the oxidation zone a cementation or enriched zone, distinguished by

containing good copper ore, often occm's.

The copper lodes in their upper portions contain chalcopyrite chiefly,

and chalcocite subordinately. As these in depth give place to siderite

containing disseminated chalcopyrite, this cupriferous upper zone may be

regarded as a cementation zone.

In addition to these copper lodes associated v\ath iron lodes, there are

around Nieder-Dreisbach, on both sides of the Lower Daade valley, others

which are independent. These carry chalcopyrite, vuggy quartz, and

dolomite, and are younger than the iron- and lead-zinc lodes across which

with well-defined walls they often cut. With these lodes also, the cementa-

tion zone is the more cupriferous. The only deposit of this kind now being

worked is that at the Danielszug mine at Wipperfiirth.

The cobalt lodes contain chiefly very fine-grained cobaltite. This

mineral occurs chiefly in the upper levels, where its occurrence may be

regarded as a primary depth-zone of the siderite lodes. It rarely occurs

in sohd masses but rather as a cloudy mipregnation throughout yomiger

quartz.

Finally, to complete the description, the quartz lodes must be men-

tioned. These may be older, in which case they approach the siderite

lodes in age, having to a great extent resulted from these by metasomatism
;

or they may be considerably younger, in which case they are often

characterized by carrying copper.

Bornhardt divided the fissme-fillings of Siegerland according to their

genesis and age and beginning from the oldest, into :

1. Siderite filling.

2. Main quartz filhng.

3. Lead and zinc filling.

4. Older copper filMng,

5. Younger copper filling.

6. Cobalt filling.
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Since the minerals occurring in the Siegerland lodes may, in conse-

quence of subsequent metasomatic replacement, be of varied age, several

of these fillings may be represented in one and the same lode. In this

respect this grouping by Bornhardt marks a distinct step in advance of

the lode subdivisions of earlier authorities.

The siderite filling took place in Middle Devonian time. To it

belong, in addition, the primary pyrite scattered throughout the mass

;

a small portion of the quartz, as far as this is primary ; and some

uncommon minerals. The bulk of the quartz, chalcopyrite, and galena, the

sphalerite and the cobalt minerals, on the other hand, were subsequently

introduced and belong therefore to younger fillings. The main quartz

filling, to which the silicificatiou of many of the siderite lodes must be

ascribed, is however also probably of Devonian age. Such silicated solu-

tions used not only the older siderite lodes as channels but also any

fissures unoccupied by ore, pure quartz lodes thereby arising.

The geological age of the lead-zinc filling cannot be determined

with certainty. Without exception however, it may be said that the

galena is younger than the sphalerite, so that the lead-zinc filling might

be subdivided into two generations. Galena and sphalerite have not only

replaced siderite but in many cases quartz also. Lodes therefore formed

at the siderite deposition may have been changed to quartz lodes, and

these again to lead-zinc lodes. The older copper filUng took place

within the lodes of the three earlier fillings. Its principal minerals,

chalcopyrite and tetrahedrite, are replacements, particularly of siderite

and quartz. The younger copper filling is remarkable in that it forms

independent lodes which cross those of the other fillings, occasionally

with well-defined walls. We consider that the independence of the older

copper deposition is doubtful since it may well be explained by the action

of cementation processes upon the low copper content in the siderite or

other lodes.

The cobalt filling is certainly younger than the siderite- and main

quartz filling, though its relation to the others has not yet been determined.

The cobaltite occurs as an impregnation, seldom in siderite but more

often in the main quartz and in slaty country-rock. Being found chiefly

in the upper levels, Bornhardt was of opinion that its presence was the

result of secondary concentration processes.

We consider it would be of great interest to determine the relation

between the cobalt- and copper filfings. At Dobschau, the siderite

district in the Carpathians which so greatly resembles Siegerland, the

copper- and cobalt minerals form well-defined depth-zones, the copper

zone being higher than that of the cobalt.

The nickel minerals in their occurrence at Siegerland differ, according
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to Bornhardt, from those of cobalt, in that they are not concentrated in

the upper levels but occur as mineralogical curiosities impregnated in

siderite at various horizons and in various districts. I Nickel-stibnite

and gersdorfhte have in this connection shown themselves to be con-

temporaneous with the siderite. The formulation of an independent

nickel filling is not therefore possible. In the relation of its cobalt-

and nickel minerals Siegerland differs not immaterially from the other

sulph-arsenide districts containing nickel and cobalt, where these two

metals are so disposed that no sharp Hne between their occurrence may

be drawn. Limonite, specularite, and haematite, represent secondary

alteration products of the siderite, at the surface.

Concerning structure, the siderite exhibits simple granular structure,

net structure, and porphyritic or irregular structure, while ordinary and

concentric crusted structures are often seen.

The determination of the age-relation of the Siegerland siderite lodes

to the eruptives which cross them, is of great interest. Not only is it the

case that in many places the siderite under the influence, or by the

action of the Tertiary basalt has been changed to magnetite, but, as in the

Glaskopf mine at Biersdorf, the late Devonian diabase has had the same

effect. On the other hand, no contact effects of the Lower Devonian

porphyry are known.

The alteration of the siderite to limonite, that is, the formation of

gossan, has in different lodes taken place to very different depths. Cases

occur on the one hand where the siderite is found close under the surface,

and on the other where the limonite extends considerably below the

valley level. In explanation of these differences, not only must the local

tectonics be considered but also the variable action of erosion from place

to place.

The alteration of siderite to specularite and haematite is of particular

interest. According to Bornhardt this alteration was direct and took

place in water-filled cavities by reagents which arrived there from surface.

In this connection he endorses the view of Hornung, according to which,

concentrated saline solutions formed on surface during periods of great

dryness, in consequence of their high specific gravity, sank along

fractures or crevices where, by virtue of contained atmospheric oxygen,

they exerted an oxidizing effect. Such saUne solutions would for instance

form upon the upper Rothegendes. Krusch, on the contrary, considers

the assumption of gelatinous solutions first put forward by Wolbhng as

being more probable.^

Pyrite occurs in the Siegerland lodes both within the ordinary filHng as

well as in separate veins. Like the other sulphides it appears to prefer the

^ Bornhardt, Rotspat und Eisenozyd, p. 476.
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crushed or pinched parts of the lode, or those where inclusions of country-

rock are numerous. It occiu's generally in granules bounded by crystal

faces, such granules being either aggregated loosely or in compact masses.

The pyrite has generally resisted the alteration which has changed the

siderite to quartz or chalcopyrite, so that it is found enveloped in these

minerals. On the other hand, however, it is seldom seen in sphalerite or

galena. Especially fine crystals of pyrite are found in the Heinrichssegen

mine.

The varying composition of siderite as it occurs in the ore-deposits

of this region may be gathered from the analyses given in the tabulated

statement on page 804, while on an average this ore contains the following

percentages of the more important constituents :

Iron .... 37-78 per cent.

Manganese . . . 7-16 „
Lime .... 0-19 „
Magnesia . . . 2-18 „

The phosphorus content is low, generally amounting to 0-001-0-3

per cent. The copper content fluctuates between traces and 0-6 per cent,

and on an average may be taken to be 0-15 per cent. Roasted siderite

contains 454-51 -4 per cent of iron, 6-4-11 -2 per cent of manganese,
0-10-0-64 per cent of copper, and 6-38-18'39 per cent of insoluble residue,

or on an average :

Iron .... 48-22 per cent.

Manganese . . . 9-30 „
Copper.... 0-22

Insoluble Residue . . 12-35 „

The importance of iron mining in Siegerland may be gathered from
the following brief statement. The industry has been important since the

middle of last centiu^y. Its development has greatly depended upon the

advances in iron metallurgy. The importation of high-grade foreign ores

into Germany, which began in the 'sixties, affected it but little, owing
to the favourable composition of the siderite. Ten years later, however,

the discovery of the Thomas process and the wonderful development of

the minette deposits consequent thereupon, had an effect all the more
distressing because of the absence of distress hitherto. Prices fell and the

mines fell into sore straits. The first distress-tariff was granted in 1886,

after which in 1902 followed further favours, till finally in 1911, as the

measure of greatest relief, the right to transport the ore to the Upper Silesian

furnaces was granted.

Production has been as follows : in 1875 about 720,000 tons ; 1880

about 1,100,000 tons ; 1885 about 1,160,000 tons ; 1890 about 1,500,000

tons
; 1895 about 1,666,000 tons ; 1900 about 1,800,000 tons ; 1905 about

VOL. II U
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1,940,000 tons ; and 1907 about 2,360,000 tons. In 1909, according to

official figures, the production amounted to 2,075,321 tons containing 34-9

per cent of iron ; and in 1910 to 2,281,000 tons containing 35-1 per cent.

The Siderite Lodes of Zips-Gomor in the Hungarian Erzgebirge
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This district geologically and stratigraphically constitutes in itself a

separate section of the West Carpathians, in which the following sequence

of beds is represented :

Northern
Belt -! Permian ?

rp - / Dolomitic limestone
^^^^^

^ Werfen Beds

io

Mountain
Core

Carboniferous

Ore-bearing series

Devonian ?

•i

Southern 1 rn_-
I T^Alt. I

Trias,

Metamorphic rpiartzite

Crystalline limestone . >- • , .

tt"' 1,1 1 ui -i I,- i series uncertain
vHornblende-chlorite schist j

/ Reddish sandstone

(
Quartz conglomerate

/Conglomerate, Grauwacke
l^Red and green lustrous slate

PorphjToid schist

Green schist. Greenstone \ Eruptive-
l_ metamorphic

Coloured slate I Clastic-

J metamorphic

Relation to ore-bearing

Belt

The country-rock of the lodes consists of Devonian schists, cjuartzites,
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and foliated eruptives, distributed in a series of zones among which the

following from hanging-wall to foot-wall are the most noticeable :

1. Sericitic, graphitic, and phylUtic schists.

2. Chloritic and quartzitic schists, and clay-slates.

3. Micaceous schists.

4. Green schists or foliated diorite.

The schist zones, striking east-west, enclose a large number of the

siderite deposits, these being chiefly in the form of bedded lodes w^hich

likewise strike east-west. Tn the neighbourhood of the lodes the so-called

green schists are altered to a compact rock known as greenstone, which no

longer retains any schistose structiu'e. The Carboniferous beds occurring

in the hanging-wall unconformably to these schists, are likewise petro-

graphically of A'^ery varied composition, conglomerates, clay-slates, and

arenaceous slates being the most frequent. At the contact between

the Devonian and the Carboniferous the Kotterbach and Bindt deposits

occur. The later formations, the Permian and the Trias, are not concerned

in the question of these ore-deposits.

Among the eruptive rocks, diorite and serpentine, in irregular bosses,

are particularly important. The porphyroid schist intercalated between

the other schists likewise consists of eruptive material. Most of the

lodes are found within an area 70 km. long and 30-40 km. wide, which,

consisting of green schists, greenstone, and metamorphic rocks, extends

from Dobschau parallel to the northern border of the Erzgebirge, to the

neighbourhood of Kaschau. To the west these rocks are boimded by the

Kohut granite massive, while to the east they become impoverished in the

neighbourhood of Kaschau. Around the boundaries of this metalliferous

region the later sediments occur.

The lodes may be divided into several groups, of which the first includes

the occurrences at Zsakarocz, Krompach, Kotterbach, Bindt, and Rostoken.

The second group, embracing the Zips lodes, occurs around Gollnitz,

Prakendorf, Helczmanocz, Einsiedel, and Slowinka, in a district 40 km.

long and 15 km. wide.

In the whole circumstances of their occurrence, except that they are

bedded lodes, these lodes resemble those of Siegerland. Their lode character

however is indicated by numerous junctions, definite walls, small cross

veins, and large enclosed fragments of country-rock. In greater part

they strike east-west and dip 60°-80° to the south. They have been

affected by the numerous disturbances to which the beds in which they

occur have been subjected, so that faults are common, these often producing

such a dismemberment of the deposit that the underground workings

constitute a regular maze.
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The filling consists chiefly of siderite, quartz, calcite, and barite
;

while sulphides, such as tetrahedrite, chalcopyrite, galena, sphalerite, and

arsenopyrite, are more uncommon. Pyrite occurs both in the lode and

in the country-rock. The lode width varies considerably ; it is however

seldom more than a few metres, widths of 30 m. being only attained when

thicknesses of country-rock are included. The structure is often granular.

The siderite is sometimes coarse- and sometimes fine-grained, while its

.colour varies between typical pea-yellow and almost white ; it usually

contains 36-38 per cent of iron, and near the surface is altered to limonite

Mine<; Mines
wording abandoned

E3 m.
Gneiss. Crystalline Archaean Devon. Carbon. Perm. Trias. Tertiary.

Schists. Schists.

Fig. 360.—General map of the siderite deposits of the Upper Hungarian Erzgebirge.

Scale, 1 : 400,000.

or iron-ochre. Since in this oxidation zone cinnabar is often met, it is

probable that quicksilver-tetrahedrite occurs in greater depth. Primary

depth-zones are observed in so far that while in depth the carbonates

increase, the sulphides, on the other hand, decrease.

In regard to copper, it is noteworthy that a secondary enrichment has

often taken place, this, as at Dobschau, taking the form of tetrahedrite.

Cobalt and nickel, which in Siegerland were fairly regularly distiibuted

throughout, are, in spite of the resemblance between the lodes of the

two districts, only found in this district at Dobschau, where they constitute

a primary depth-zone below the copper.

The composition of the siderite of this district may be gathered from
the following analysis from Rostoken

:
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of the sulphides is younger than the siderite. Although it is assumed

by earUer authorities that the lodes are genetically associated with the

known occim-ence of greenstone in the district, there is no evidence

as to what minerals are contemporaneous with this greenstone, though

in the face of an apparent re-opening and re-mineralization all cannot

be contemporaneous.

The Upper Hungarian iron ores when roasted are used in great

quantities in Upper Silesia. They are poor in manganese, containing but

1-5-2 per cent ; when raw they contain 0'01-0-2 per cent of phosphorus

and 04-1 per cent of copper, this amount of copper rendering them a little

difficult to treat.

Of the total iron ore production of Hungary, which amounts to about

1,700,000 tons, Upper Hungary is responsible for 60-70 per cent, or about

1,000,000 tons. The importance of the individual mines may be gathered

from the table on page 810.

In addition to these economically important siderite districts there

are many similar occurrences which to-day are unimportant. Among
these are those at Lobenstein and Leubetha near Oelsnitz and Rottis

respectively. These deposits, which occur in Palaeozoic beds, carry siderite

and, in part, some copper and nickel.

LITERATURE

A. Breithaupt. Paragenesis. Freiberg, 1849.—R. Beck. Explanatory Text, Section

Adorf, Geol. Spezialkarte of Saxony, 1884.—E. Weise. Explanatory Text, Section Plauen-

Pausa, 1904.—E. Zimmermann. Section Lobenstein, Geol. Spezialkarte of Prussia, etc.

In the Salzburg hills not far from the well-known copper deposit of

Mitterberg near Bischofshofen, a large number of siderite lodes were

formerly worked, especially in the Middle Ages. Here also the lodes

traverse Palaeozoic beds and carry some copper. The passage from

siderite deposits to copper deposits carrying siderite is so gradual that

it cannot always be said with certainty whether any particular old

working was worked for siderite and stopped because of the increase in

copper, or whether copper was the metal sought and the work stopped

because in depth the proportion of siderite increased.^

Haematite Lodes

LITERATURE

K. Ermisch. ' Die Knollengrube bei Lauterberg am Harz,' Zeit. f. prakt. Gool., 1904,

p. 160.^H. Credner. ' Geogn. Beschr. des Bergwerkdistriktes von St. Andreasberg,'

Zeit. d. d. geol. Ges., 1865, XVII.—K. Dalmer. Explanatory Text, Section Plmitz-
Ebersbrunn, Geol. Spezialkarte of Saxony, 1885.—H. Mijller. Die Eisenerzlagerstatten

1 Postea, p. 905.
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des obern Erzgebirges des Voigtlandes, 1856.—H. V. Oppe. ' Die Zinn- und Eisenerzgange

der Eibenstockcr Granitpartie und deren Umgebung,' Cottas Gangstudien, 1854, II.

Although ha?matite lodes occur in many districts it is in but few

places that they constitute payable deposits.

The Knollen mine at Lauterberg in the Harz, where for a time

a haematite lode associated with copper- and barite lodes was worked,

has a certain reputation. According to Ermisch the country-rock at

that mine consists of the supposedly Culm Tanne grauwacke. The lode

strikes east-south-east to south-east and dips 80° south-west. The width,

which though on an average 1 m. may reach 4 metres, consists of country-

rock and haematite, while barite and lithomarge are less common. The
absence of sulphides and the rare occurrence of quartz are characteristic

features of this lode. The haematite occurs chiefly in the form of kidney

ore containing 96-99 per cent of ferric oxide, while the compact haematite

occurring more particularly in the neighbom'hood of the outcrop, contains

91 per cent of that oxide.

At St. Andreasberg in the Harz the lode-filling of the different lodes

varies according to whether the lode occm\s between, or to the north or

south of the two boundary faults.^ WTiile the lodes ^\^thin the wedge
of gromid pointing westwards contain silver chiefly, those outside are dis-

tinguished by containing haematite. According to H. Credner the most

important iron deposits at St. Andreasberg occur with variable strike and

width, either in the granite or at the contact of that rock with hornfels.

Other haematite lodes are known in the Saxon Vogtland, between

Stenn to the south-west of Zwickau, and Christgriin. These, containing

haematite and limonite, occur at the contact of diabase and clay-slate, or

between limestone and decomposed Lower Silurian diabase. There are

haematite lodes also in the Saxon Erzgebirge, in the neighbourhood of

Schwarzenberg. The lodes there occur either within the granite or at the

contact of granite and schist ; those occurring at the contact have

already been mentioned.^ The occurrence of copper ore ^\^th some of

these lodes is noteworthy, the lodes otherwise carrying compact fibrous

haematite or kidney ore.

Finally, the following occurrences deserve mention : the haematite

lodes at Johanugeorgeustadt, Flatten, Schellerhau ; the numerous small

iron lodes at Suhl in the Thmingian Forest upon which the armament
industry in that neighbourhood was started ; and similar occurrences at

Zorge in the Harz and at Gleissingerfels in the Fichtelgebirge.

It is of interest to note that there exists a relation between the haematite

lodes and those of manganese afterwards to be described, in that these

latter in depth often gradually merge into haematite lodes.^

1 Ante, p. 688. 2 Ante, p. 352. s Podea, p. 851.
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THE METASOMATIC IRON DEPOSITS

As already stated more than once, lodes are closely related to meta-

somatic deposits. Deposits of this latter class are in the case of iron

of special importance.

In addition, however, there are other deposits occupying an inter-

mediate stage between the two, in which though the lode character may
be apparent, metasomatism has aheady attained a certain importance.

Such deposits are found for example at Toroczko in Transylvania where

the lode fissure may still plainly be recognized and the deposit on the

whole gives the impression of a lode-like occmrence, though along the

fissure a portion of the limestone has been altered to ore. Apart from

these intermediate occurrences there are other numerous well-defined

metasomatic iron deposits which are distinctly bedded in character. Since

with most metasomatic iron deposits it is a question of the relatively

low-priced siderite—though this may be more or less completely altered to

the more valuable limonite or hsematite—there are not many districts

where such deposits are worked. Payable deposits naturally occur more
frequently in those countries where the means of communication are best

developed. The formation of these deposits was fully discussed in the

first volume. In form they differ from the analogous lead-zinc deposits

in that the alteration of the limestone and dolomite—which in the great

majority of cases is what takes place—is generally complete, and accordingly

in many cases the shape of the deposit coincides with that of the original bed.

Not infrequently slate becomes thus altered to limonite, though

experience shows that such occurrences have no economic importance ; at

shallow depths the depo.sit gives way to a ferruginous rock and this in

turn to ordinary slate. This type of deposit is known as the Hunsriick

type.

In the case of such deposits as have resulted from limestone and

dolomite, when the alteration has been complete or secondary migration

of the metals has taken place, the channels of access as well as the replace-

ment fissures are difiicult to recognize. When however the alteration is

812
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not complete the intensity of the replacement is seen to diminish with

distance from the fissure. Near the fissure iron ore is found, then fer-

ruginous limestone or dolomite, and finally unaltered rock. The deposit

has then as a rule the form of a lens, the greatest section of which is along

the lissm-e, and the tapering ends farthest from the fissure.

The extent of the metasomatic iron deposits upon the surface as well

as in depth is dependent upon the extension of the original rock and upon

the solutions brought to that rock. The greater the volume of these

latter in relation to the mass of the original rock, the more completely does

the form of the deposit coincide wth that of that rock. The ore-bodies

accordingly are horizontal where the bedding is undisturbed, and folded to

anticHnes and synchnes or disturbed by faults or overthrusts when the

beds in which they lie have been so folded or disturbed. The depth to

which a metasomatic iron deposit reaches depends therefore entirely

upon the disturbed or undisturbed bedding of the original rock. The

distribution of the ore in the deposit may be regular, as for instance at the

Hiiggel ; 1 or it may be extremely irregular, as when the entire bedded

complex is shattered and not all the limestone or dolomite has been altered.

An irregular distribution may also arise when in the alteration of the

limestone not only one mineral, such as siderite, was deposited, but at the

same time a carbonate such as ankerite, or the equivalent calcium-iron

carbonate. At those points where such occurred the deposit would be

unpayable and the regularity of the deposit broken.

The principal minerals fomid in metasomatic iron deposits are siderite

and hmonite, at the formation of which calcium carbonate or calcium-

magnesium carbonate became removed. Less frequently sulphides such

as pyrite and chalcopyrite, formed at the same time, are present. The

gangue consists chiefly of carbonates, most of which have a composition

intermediate between that of the ore and the original rock. Should the

limestone not be completely replaced by ore it remains as the gangue in

which the ore is embedded.

The structure of the ore in these deposits is either crusted or irregular.

At the boundaries of the deposit a pseudo-brecciated structm-e is often

seen, where kernels of unaltered limestone occur between the fractures from

which the alteration proceeded. The frequent occurrence of crusted

structure has been the cause of divergence of opinion concerning the

genesis of several occurrences, which by.some are regarded as true sedi-

mentary beds and by others as having been formed by metasomatism.

With such crusted structure the general occurrence of cavities parallel to

the crusts is remarkable, this being particularly noticeable for instance at

the Hiiggel.'^

1 Postea, p. 841. 2 Postea, p. 844.
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The composition of the ore varies according as hajmatite, limonite,

or siderite, are present. Careful determinations of the average content of

the most important elements are available, among others, in respect to the

Nassau haematites, where however, it must be conceded, true sedimentary

occurrences exceed the metasomatic. Here during 1910 about 1,004,000

tons were produced containing on an average 40-9 per cent of iron, almost

the whole of this tonnage being ready for smelting without further prepara-

tion. This average figure was rendered somewhat low by the inclusion of

some partly altered material, which was valuable as ferruginous flux.

The phosphorus content of these haematite ores is an important factor.

Most of the above total, almost 800,000 tons in fact, contained 0-05-0-75

per cent of phosphorus; about 118,000 tons contained still less; while

only a small proportion, some 900 tons, containing more than 1 per cent,

belonged to the high phosphorus ores. Accordingly, in general the

haematite of the metasomatic deposits belongs to the low phosphorus ores.

With regard to siderite, in Germany during 1910, including the Osna-

brlick district, the Schafberg, and the Hiiggel, 261,461 tons containing

28-1 per cent of iron, were won, the whole of which could be smelted at

once. In this ore the phosphorus content varied between and 1 per cent,

the larger portion containing less than 0-06 per cent.

The metasomatic limonite of Germany is derived from the Saxon-

Thuringia, the Nassau-Oberhesse, the Taunus, and the Vogelsberg districts,

wherein, although deposits of other genesis are worked, the bulk of the

production comes from the deposits in question.

With these deposits the manganese content is an important factor,

some of them actually yielding ore containing approximately 20 per cent

of iron and 20 per cent of manganese. Such ore formerly, for want of

fixity in classification, was sometimes classed with the iron ores and some-

times with the manganese ores. Now, however, the term iron-manganese

ores has become generally accepted for them.

According to the manganese content the ore from these deposits may
be divided into :

{a) Limonite, with less than 12 per cent of manganese.

(6) Iron-manganese ore, with 12-30 per cent of manganese.

(c) Manganese ore, with more than 30 per cent of manganese.

These divisions naturally merge into one another. Only the first

two are considered here, the last being described when dealing with

manganese ores.^ Of the total amount of these ores produced in Germany

during 1910—this amount being approximately 2,900,000 tons—the

greater proportion by far, namely 2,600,000 tons, belongs to the first

1 Postea, pp. 851, 863.
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division containing less than 12 per cent of manganese ; somewhat more

than one quarter to the second ; while less than 200 tons may be classed

as manganese ore.

In determining the market value of these ores the manganese con-

tent plays an important part. Generally it may be assumed that 1-5 per

cent of manganese becomes lost in smelting, while the remainder is allowed

for at the rate of 2 per cent of iron for each per cent of manganese.

The ore containing less than 12 per cent of manganese contains on an

average 31-6 per cent of iron, while the iron-manganese ore contains

24 per cent of iron and 20 per cent of manganese, on an average.

The second important factor is the phosphorus content, which, like

that of manganese, fluctuates considerably. Approximately 746,000 tons

of the production in 1910 contained less than 0-05 per cent ; about 863,000

tons contained 0-05-0'75 per cent ; about 128,000 tons, 0-75-1 per cent

;

and about 896,000 tons, more than 1 per cent.

The metasomatic limonite deposits are particularly interesting because

being of great geological age they have been subject to much subsequent

disintegration and alteration. There are in consequence many deposits

which, at different stages of exposure by mining operations, might be

regarded as either metasomatic or fragmentary deposits. Such is for

example the case wath the Lindener Mark near Giessen and with many
of the occm-rences in the Bingerbriick limestone, in which cases

Middle Devonian massive limestone was first changed to ore which in

turn became disintegrated either by running water or by water circulating

in fissures. With some deposits of this nature it cannot be determined

whether the limestone was changed directly to limonite, or was first changed

to siderite and then by subsequent oxidation to limonite.

Since these deposits are usually of little thickness the opportunity

to display primary depth-zones is limited. Not all the limestone beds how-

ever are equally suited to this alteration, and in consequence, in a section

normal to the bedding, ore often alternates with limestone. Even when
the whole of the limestone has been altered it need not necessarily follow

that all the component layers have been altered to siderite ; some
according to their character may have been altered to siderite, others to

ankerite, etc.

The secondary depth-zones are particularly important. In those

cases where the limestone was altered directly to hmonite no opportunity

for subsequent migration of the metal content existed ; but where siderite

was first formed such migration would be brought about near the

surface by atmospheric agencies in the manner indicated when describing

the siderite lodes, ^ and limonite would result.

1 Ante, p. 789.
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In this weathering, as Krusch has pointed out, oxidation-metasomatism

takes part.^

The meteoric waters, which dissolve the iron carbonate doubtless as

bicarbonate, sink into the hmestone which in the presence of oxygen they

change to limonite. The migration of the iron therefore proceeds from

above, downwards, so that the thickness of the deposit in the oxidation

zone may be considerably greater than in the primary zone. Within a

limited vertical measurement in the oxidation zone, by the processes of

oxidation and the alhed processes of oxidation-metasomatism, an amount

of ore may be accumulated which formerly belonged to a much greater

vertical extent—in greater part now eroded—of the primary deposit.

When therefore one of these deposits appears at surface as a gossan,

great care must be exercised in deducing from the chemical and dimen-

sional properties of this gossan any estimates relative to possible content,

width, nature, and quantity of ore, in depth.

Where the surface decomposition is incomplete, as for instance at

Kamsdorf, its actual occurrence may be demonstrated. Siderite and

limonite are then found together, the former when of metasomatic origin

often having a different character from that which it has when occurring

in lodes. It is finely crystalline and displays a certain scintillation, in

consequence of which by the Kamsdorf miners it is aptly termed mica.

At Bilbao, however, where also the existence of secondary oxidation is

apparent, the siderite is as a rule coarsely crystalline. The passage of

siderite to hmonite may often be seen in hand specimens, consisting of a

kernel of siderite representing the original ore, and an envelope of limonite.

Oxidation is not only apparent in its effects upon pure siderite, but

also upon hmestone which has only been partly replaced by siderite.

AVhen this occurs a limestone saturated with hmonite is formed, which in

many districts is appropriately known as iron-hmestone.

Where small amounts of primary copper- and silver ores were deposited

with the iron, a narrow cementation zone becomes formed below the gossan,

wherein the copper and silver are concentrated, but not the iron.

For the reasons given when describing the siderite lodes,^ payable

metasomatic iron deposits are not numerous. In determining the

question of payability fuel is often an important factor, since only where

the roasting of the siderite to the oxide is possible can any considerable

transport of the ore be considered.

In countries where wages are high these deposits cannot as a rule

be worked. In Europe, on the other hand, large deposits of this genesis

are worked at Bilbao on the north-east coast of Spain, and at Erzberg

1 ' Primare und mctasoinatische Prozesse auf Erzlagerstatten,' Zeif. f. jvnl-f. Geo!.,

1910. - Ante, p. 786.
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near Eisenerz in Styria ; while smaller occurrences are worked in the

Thuringian Forest, at the Hiiggel iu Westphaha, and at many other places.

The connection of these deposits with large fissure-systems through

which the alterative solutions circulated, is invariable. Thus, the meta-

somatic iron deposits of the Stahlberg and the Mommel near Schmalkaden,

are connected with the disturbed zone in the south of the Thuringian

Forest ; while the occurrences at Kamsdorf are in connection with the

northern boundary fissure of that forest.

The size of these deposits varies. The deposits at Bilbao and that at

Erzberg are of large dimension, Avhile the occurrences in the Thuringian

Forest and at the Hiiggel are smaller. The metasomatic Devonian hajmatite

in Nassau, which is partly of metasomatic origin, must be reckoned among
those of medium size.

The output from some of these mines is variable because around

the boundaries of the ore-body there are masses of poorer material w^hich,

though they contain too little iron to be regarded as ore, serve well as

ferruginous flux. Some of this material however, in consequence of the

irregularity of the ore-body, is often reckoned with the ore.

Erzberg near Eisenerz, Styria
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In the hanging-wall portion of the large northern grauwacke belt

which traverses the Austrian Alps in an east-west direction, numerous

siderite deposits occm*, the strike of which within northern Styria follows

the line Liezen-Eisenerz-Neuberg. Of these deposits the most important

is tliat known as the Styrian Erzberg, the greatest part of which belongs

to the Osterreichische Montcmgesellschaft. In the report made by

Uhlich upon this company it is stated that the occurrences at Aigen,

Admont, Krummau, Johnsbach, Radmer, Donnersalpe, Tullech, Glanzberg,

Polster, Gollrad, Niederalpe, Neuberg, Bohnkogel. and Altenberg, belong
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to the same belt. The description here will be limited to that of the

Erzberg which at present is the only one working.

This occm:rence lies isolated in a wide valley, the sides of which are

Fig. 361.—Situation plan of Erzberg near Eisenerz. The deposit is coloured black.

Polster

Donnersafpe j ,, ,

Pg?^?^
Border Slate Siliceous Schist Tr-oili-tsl-ona Groui^ockn

Fig. 362.—Sections of Erzberg near Eisenerz, along lines indicated in Fig. 361.

formed by towering walls of limestone, while to the south it is connected

with the Reichenstein massive by an anticline knoTvn as the Breite

Platte.i

In the upper portion of the Erzberg, within a yellow and reddish

limestone—the Sauberg or ore-bearing limestone

—

Crinoids are found,

indicating that this limestone belongs to the Lower Devoiiiau.

^ Wide plateau.
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The ore-bed, as indicated in Fig. 362, forms a syncline in the foot-wall

grauwacke. The youngest bed in the hanging-wall is a red, blue, and

greenish-grey slate, correlated with the Werfen slates. This bed is however

only found on the eastern slope of the Erzberg, having elsewhere been

eroded. The ore-bed comes right to surface, its dislocated, folded, and

crushed material indicating the tremendous tectonic forces to which it

has been subjected. The deposit, as already mentioned, occurs trough-like

Fig. 363.—Erzberg opencut at Eisenerz. Iron Ore Resources oj the World.

in the foot-wall grauwacke, yet in consequence of plication it reaches a

height of about 730 m. with a thickness of 160-200 metres. The ore-body

however does not consist exclusively of ore ; the huge ore-bearing com-

plex consists of an alternation of ore with ankerite, limestone, and slate.

The extension along the strike in the Eisenerz portion is 680 m., and in

the Vordernberg portion 370 metres.

Mining at Erzberg is an old industry. The ore-body has been attacked

both from the surface as well as from underground workings. The large

opencut worked to-day has fifty benches, some of which are illustrated in

Fig. 363.

VOL. ir X
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The siderite of this deposit is almost free from sulphides
;

pyrite,

chalcopyrite, galena, tetrahedrite, and cinnabar, are rare occurrences.

The ore as mined contains 38-40 per cent of iron, and the roasted ore

up to 52 per cent. An average sample of this latter would give 44-6 per

cent of iron, 2-12 per cent of manganese, 0-03 per cent of phosphorus, and

0-04 per cent of sulphur. The ankerite though at present not payable may
in the future be worth consideration by the smelter, since on an average it

contains 15-25 per cent of iron.

The genesis of this deposit has not yet been satisfactorily settled, in

fact by some authorities quite different views are held. Bergeat, following

the view first suggested by Schouppe ^ that it was a sedimentary deposit,

describes it among the ore-beds, though he also reckoned ^\'ith the possibihty

of a metasomatic origin. Beck ^ describes it among the epigenetic masses,

inclining therefore, as did Redlich and many others before, to the assumption

of a metasomatic replacement of hmestone by siderite. Redlich was

the first to remark the close relationship between the ankerite-iron occur-

rences of the East Alps and the pinolite-magnesite of Veitsch, this latter

also representing replacement of limestone. He advocated the possibihty

of a close relationship between the iron deposits and the sulphide lodes of

the East Alps. He was of opinion that in determining the genesis of the

Erzberg, due consideration should be given to the small amount of sulphides

in the siderite of this deposit. According to the authors, most of the

observed facts betoken a metasomatic origin.

The total production hitherto has been as follows : from 1701 to 1800

about 3-7 milHon tons ; from 1801 to 1900 about 22-2 million ; and from

1901 to 1911 about 15-1 million tons; so that including the amomit

produced before 1700, altogether about 42-43 milhon tons have been

produced.^ The present ore-reserves are estimated to be 170 million tons

at Eisenerz, and 36 million tons at Vordernberg, making a total of 206

million tons. In 1910 the production was 1-7 milhon tons, and in 1911

about 1-8 million tons.

The Huttenberg Erzberg
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In eastern Carinthia, belts of limestone striking south-east occur in

young gneiss and old mica-schist. They are known at St. Lambrecht

Hutienberg

EZZl EZ]
Gneiss Hicaschist. Micaschish Phylliie Limestone Pegmatite Amphi- Ckloalte Serpentine Iron Ore

Willi Cornels bolite

Geo!.Map of the neighbourhood of Hijftenberg.

Scale aboiFig. 364.—Geological map of the neighbourhood of Hiittenberg. Scale about 1 : 7f),000.

Biiumgartel.

Heischer Adi't5*Horhok ,

on the Main and Footuall

Section of the HUHenberg Erzberg

Fig. 365.—Section of the Hiittenberg Erzberg. Scale about 1 : 75,000. Baumgartel.

in Styria and at Friesach in Carinthia, at Waitschach, Hiittenberg,

Lolling, Wolsch, Loben, Waldenstein, Teissene, etc. In this hmestone,

beds of siderite and limonite occur which have been worked for centuries

at the mines, Geisberg, Zeltschach, Olsa, Waitschach, Zossen, and Hiitten-

berg. The most important deposit is that at the Hiittenberg Erzberg,

illustrated in Figs. 364 and 365.

This metalliferous hill forms the end of a ridge which the north-south
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chain of the Sau Alps throws off in a westerly direction from Hohewart

through Walzofen, LoUinger Berg, and Sauofen to Erzberg. Upon this

ridge occur the numerous workings of the districts, Knappenberg, Heft,

and Lolling.

The country here consists chiefly of schistose rocks—so-called gneisses

—forming a flat south-east striking anticline. Upon these gneisses and

with no sharp separation from them, lie mica-schist, phyllite, green schist,

and clay-slate. Intercalated in the gneiss as well as in the mica-schist

and phyllite, occurs the Kmestone, which is usually light-coloured and

granular, and carries mica, pyrite, and sometimes realgar and arseuopyrite,

while in places it merges into a garnet-diopside rock. A second group of

intercalations is constituted by the tourmaline-bearing pegmatitic gneisses,

some of which exhibit true dyke character. These are particularly

numerous in the ore-bearing limestone found in the mica-schist.

The deposit when in unweathered schist consists of siderite, ankerite,

pyrite, barite, and, more seldom, lollingite and metallic bismuth, while

in the upper levels Hmonite, manganese ore, and the oxidized products of

the sulphides, are found.

According to the extent to which this weathering has proceeded, blue

ore, representing the greatest decomposition, may be separated from

bro^vn ore, kidney ore, and white ore, this last representing undecom-

posed siderite. Quartz, mica, pyrite, and barite, occur as impurities,

the last-named being often associated with very pure siderite.

It was formerly thought that the deposit consisted of a number of

disconnected and irregular lenses ; later developments however have

shown that the lenses are connected together, forming a continuous many-

membered mass which at times bulges out into hanging-wall and foot-wall,

or sends out veins into the country-rock. The passage from ore to rock

is sometimes gradual, passing through the intermediate stage of ankerite

;

or it is sudden and with only a clay-parting between. The dip is generally

to the south-west, though cases of opposite tendency occur. The ore-bed

is not always parallel to the limestone beds, but at times crosses them.

Layers of limestone interbedded in the ore are common.

Irregularity of form being characteristic of metasomatic deposits, the

question of the genesis of this deposit is more easily settled. It is generally

agreed that it is a metasomatic deposit.

The iron content is 43-49 per cent ; the amount of silica varies, though

there is always sufficient to make the ore an acid ore. Ore-reserves to

860,000 tons developed, and 800,000 tons estimated, have been declared.

The production in 1910 was 14,110 tons of siderite and 33,356 tons of

limonite.
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Iron Deposits in the Carboniferous Limestone of England
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Most of these deposits are found in the Carboniferous Limestone

region of the north of England, in Durham, Northumberland, Cumberland,

etc. At Alston they are associated with lead lodes which cut through

the entire thickness of this limestone formation. These lodes occasionally

are filled with limonite in the place of lead, as for instance in the pro-

ductive lode at Rodderup Fell which is 5-6 m. wide, and in the Manor

House lode from which large quantities of good limonite have been

obtained. Such occurrences are of economic importance. On the

northern shoulder of Cross Fell and in Weardale similar iron deposits

outcrop, while in the eastern portion of the region the occurrence of siderite

in the lead lodes is noteworthy, even though it is of no importance. In the

mines at Allenheads the siderite occm-s in regular lodes, while at Stanhope

Burn, on the other hand, the country-rock is traversed by such a tangle of

veins containing iron and lead that the whole mass is quarried. Some of

these mines worked the gossan resulting from atmospheric oxidation of

the siderite.

The siderite is sometimes white or yellowish-grey, the so-called white

ore ; and sometimes dark grey, microcrystalliue and then feebly magnetic,

the so-called grey ore. As the result of oxidation an envelope of limonite

is now sometimes found enclosing kernels of white siderite. These

deposits are found in the Great Limestone, particularly where two fissure-

systems intersect, as for instance at the Carrick mines.

Unlike the above-mentioned ores, the red haematite at Whitehaven in

Cumberland and of Furness .in Lancashire is a very valuable ore which,

containing 50 per cent of iron and but little phosphorus, is admirably

suited to the Bessemer process. This ore is found in rocks of Silurian age

as well as in the Carboniferous limestone, though only the occurrences in

the latter are of any practical importance. Both formations consist of an

alternation of limestones with shales and sandstones. While however the

ore-bearing limestones display thicknesses of 100 m. or more, the inter-

bedded sandstones and shales are generally only 1 m. in thickness and

seldom reach as much as 4 metres.

The ore-bodies are usually fissm'e-fillings and pockets such as that

illustrated in Fig. 367, though some are quite irregular and penetrate deep
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into the limestone. They are not always at the same horizon but may
occur in any layer, from the lowest, lying immediately upon the Silmian, to

the highest forming the base of the Grit and Yoredale Rocks at Whitehaven

and Fmness respectively. The shape of the deposit varies greatly according

to the degree to which the limestone has surrendered to alteration.

Fig. 366.—Diagraiumatic section of tlie Parkside irou deposit. J. D. Kendall.

At Bigrigg, Crowgarth, and Parkside, the ore-bodies are irregular

masses immediately under the iNIillstone Grit, which, as illustrated in Fig.

366, may form the actual hanging-wall. In other cases bed-like bodies

are formed which may be 65 feet or more in thickness.

The superficial extent of these occurrences may sometimes be qmte

considerable ; that for instance at Parkside covers 18 acres, or 72,000

Fig. 367.—Diagrammatic section of the occurrence worked by the

Crosstield Iron Company. Louis.

sq. m., while numerous others cover from 8000 to 40,000 square metres.

A good example of a pocket-like deposit is that illustrated in Fig. 367, which

is worked in opencut by the Crossfield Iron Company.

The Parkside and Lindal Moor deposits in the Furness district occur in

the lower portion of the Carboniferous limestone. The first of these has a

superficial extent of 60,000 sq. m., and at one point has been proved to a
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depth of more than 100 metres. The occmrrence at Liiidal Moor has a

length of 800 m. and a thickness of 21 metres.

The geological position of occm-rences bounded by Silurian slate may
be gathered from Fig. 368.

The A\Tiitehaven haematite, which is generally of a dull red colour,

often forms compact masses in which numerous irregular cavities occm*.

In the Furness district, apart from the occurrences at Lindal Moor, Stank,

and Askam, the ore differs materially from that at Whitehaven, in that

it is usually soft and friable and consists in greater part of delicate filmy

micaceous haematite which envelops compact ore having often a con-

cretionary structme.

The harder haematite, known locally as ' blast ore," is smelted direct,

- -^''=.:^. ^
_ ci -/"--cTt-ro.^-?^-- i=> ^ L 'Drift --^e, ^ .- -"'^ ^^.-.rrr -

Fig. 368.—Diagrammatic section of au irou deposit in Carboniferous limestone

bounded by Silurian.

while the softer variety, the so-called ' smitty ore,' is used for lining the

puddle furnaces.

A\Tiile the soft ore at Furness contains no fossils, numerous fossils,

all belonging to the Mountain Limestone, have been fomid in the compact

ore at Lindal Moor.

Concerning genesis, it is very probable that in the metasomatic re-

placement of the hmestone the iron was first deposited as carbonate,

which carbonate subsequently became altered to haematite by oxidizing

meteoric agencies. It is more difficult to settle the question of the source

of the iron.

Kendall is inclined to regard the Coal-measures as this source. He
points out that the sandstones and shales of these measures contain a

considerable amount of iron, and that since probably these rocks formerly

covered the Carboniferous limestone of this metalhferous district, it is

possible that carbonic acid waters carrying iron percolated to the lime-

stone ber^eath, which they then replaced.
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The production of Cumberland haematite in 1881 amoimted to

1,615,635 tons, and that of Lancashire for the same year to 1,189,836

tons. In 1882 Cumberland reached its highest production with 1,725,478

tons, since when there has been a gradual but irregular decrease. In

1894, for instance, the production was 1,286,590 tons containing 54 per

cent of iron, worth £698,457. In Lancashire the output for the same

year was but 870,500 tons with 51 per cent of iron, worth £372,576.

Like the Cumberland district, that of Fui'ness also appears to have

reached its zenith in 1882, when 1,408,693 tons were produced. Since

that date there has been a gradual decrease, the production in 1890, for

instance, being under one million tons.

The Iron Deposits at Bilbao
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This ironfield in northern Spain, so important in supplying ore to

England and Germany, lies, as indicated in Fig. 369, in greater part

between the Somorrostro and Nervion rirers, and but a short distance

from the shores of the Bay of Biscay.

In this situation it extends in a north-westerly direction along the

left bank of the Nervion for a length of 24 km. with a maximum width

of 10 kilometres. The various occurrences, lying 250-500 m. above

the sea, form part of a mountain chain which, beginning approximately

5 km. from the coast, rises to heights of 890 m., 909 m., and 1006 m. at

Pena Obieta, Monte Ereza, and Monte Ganerogorta, respectively.

The disposition of the different districts is as follows : That of Gal-

dames extends along the south-west slope of the Peiia Pastores at a height

of 450-500 m. ; the large occurrences at Triano and Matamoros, forming

together the district of Somorrostro, extend upon a hilly plateau between

the Pico de Moruecos and the Pico de Mendivil ; the district of Regato

occurs south of this plateau, along the left bank of the Regato river which

flows into the Rio Galindo ; that of Guenes occurs farther south-east,
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between Monte Ereza and tlie Pena de Espelarli ; while that of Baracaldo

occurs east of the last-named hill. The district of Alonsotegui lies on the

right bank of the Rio Cadagua ; the Primitiva mine is situated west of

Monte Arraiz ; while the Iturrigorri district extends east of that hill.

Above Bilbao, along the river Nervion. are found the Ollargan, El Morro,

and Miravilla mines. In the western portion of the field, along the west

bank of the Rio Somorrostro not far from the boundary with the province

of Santander, the mines Arcentales and Sopuerta are found to the south,

and Amalia Vizcaya, Asuncion, and Francisco to the north.

In consequence of the short distance from the river Bilbao, which is

navigable as far as the town of that name, the situation of these deposits

with regard to transport is very favourable, shipment being made both

from Portugalete and Luchana. According to investigation undertaken

by Yarza, Collette, Verneuil, Colomb, Triger, and others, the rocks of

this district, striking in a south-east direction parallel to the Pyrenees,

belong chiefly to the Cretaceous, that is, either to the Gault or to the

Cenomanian. The Gault from below upwards consists when undecomposed

of bluish-grey, and when weathered of yellowish-browai, micaceous, fine-

grained, and non-fossiUferous sandstone beds followed by fossiHferous

limestone in massive beds of variable thickness, traversed by calcite veins.

In this limestone the ore-deposits occur, this rock being known b}^ the

miners as the mother of the ore.

Above the Gault comes the Cenomanian, this series consisting first

of a clayey limestone, which contains fragments of AmnfJwceras Mantelli

and at Triano, for instance, forms the hanging-wall of the deposits
;

and then of sandstone and marl in which Ammonites peramplus are

found.

Outside of the metalHferous district, on the right bank of the Rio de

Bilbao, the hill Monte Axpe, consisting of trachyte and ophite, occurs.

Concerning the superficial extent of the individual geological horizons

in this district, the sandstones and limestones of the Lower Gault have the

widest distribution. These extend in a south-east striking strip 7 km.

wide, alongside of which to the north-east and south-west the clayey

Cenomanian hmestone ranges itself. This disposition of the beds is

indicated in Fig. 369. The upper sandstones and marls are no longer

present in this district. The sandstones and limestones in which the

deposits occur have been compressed to form a more or less steeply folded

mountain chain, the altitudes of the highest points of which have already

been given. Further illustration of this geological position is provided

by Figs. 370-373, from which it will be seen that with many of the occur-

rences the Gault sandstone forms an anticlinal core upon which in most

cases there remain only patches of the limestone. Within these patches
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the metasomatic iron deposits find their seat and protection ; they occur

chiefly at the contact of limestone and sandstone. Other deposits are

found in hmestone synchnes, such deposits occiu-ring more particularly

near the surface and at the contact with the upper sandstone. The deposits

consequently are found chiefly along the boundary planes of both the

upper and the lower limestone.

A dependence of the deposits upon the presence of faults may often

be observed, this being always possible when the deposit occurs in an

outcrop of limestone, as for instance at Triano and in the San Francisco

mine.

These deposits are generally in the form of elongated and often

irregular or indefinite lenses some 300-500 m. long with an average width

of 100 metres. They strike roughly south-east, that is, conformably to

the country.

The largest bodies are found in the Somorrostro district, these being

the two occurrences at Matamoros and Triano which in all probability are

parts of what was formerly one continuous deposit. Matamoros is known

for a length of 2250 m. and a width of 900 m., and Triano for 3100 m.

and 100-1300 m. respectively. Next, in point of size, come the deposits

worked in the mines San Louis, Silfide, and Abondonoda, near Miravilla

above Bilbao, the lengths of these deposits being approximately 1200

metres. In addition to these larger deposits there are many other

smaller and irregular occurrences.

In all cases the thickness varies exceedingly, and in depth par-

ticularly the deposits become irregular. At Triano, for example, the

thickness in the Barga mine is roughly 40 m., while in the Altura mine it

is but 10 metres. Between the deposit and the sandstone or limestone

forming the foot-wall, there is often a bed of clay 2-6 m. thick ; at other

places, however, irregular limestone protuberances penetrate the ore.

Almost all the known deposits come to the surface, though in the

Somorrostro district a thin clayey Cenomanian limestone covers the

deposit. Similarly, all the deposits so far developed occur at a consider-

able height above sea-level, Triano at 250-500 m., Galdames at 300

m., and Sorpresso in the Arcentales-Sopuerta district, at 470-580 m.,

Primitiva near Ca.strejana at 300 m., and those at Gueiles at 600 metres.

In the formation of these deposits the limestone was first altered to

siderite, which subsequently, in the neighbourhood of the surface and by

the action of surface agencies, became altered to limonite or haematite,

while siderite still existed in depth. It is an interesting fact that

haematite is only found where the deposit does not directly come to surface.

The siderite is termed Carbonato ; it is sometimes yellowish-white

and typically coarsely -crystalline ; sometimes grey and then granular.

•y
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The first condition, representing the better quahty, has a higher value than

the latter.

As with all metasomatic ores, kernels of undecomposed limestone are

not uncommon. The gradation of ore to limestone around the margins

of the deposit takes place similarly to that described in the case of

Kamsdorf.i Important masses of siderite are more particularly found at

Triano, in the mines Concha, Inocencia, Trinidad, Buena Fortuna, and

Esperanza.

When haematite occurs pseudomorphic after siderite in a compact

and crystalhne aggregate it is known as Campanil, while when earthy it is

termed Vena. In this latter condition it is often found beneath a thickness

of hmonite or of CamjKinil, but also in veins crossing other ores, hence

its name. The largest masses or quantities of both Campanil and Vena

are found in the Triano deposit.

The Bilbao limonite is yellowish or reddish, in consequence of which

it is known as Rubio. Its structure, in harmony with its character as an

alteration product, is generally cavernous, most of the cavities being lined

with stalactitic and reniform limonite and with quartz crystals, while

the cavities themselves are often to a great extent occupied by clayey

material.

When the limonite occurs earthy it often contains pyrite crystals

as well as sulphur arising from the decomposition of pyrite. In it also,

many kernels of unaltered limestone occur. In addition, a fragmentary

ore consisting of clay and limonite fragments and known as Chirta, is now
and then met.

Limonite occurs exclusively in the neighboiu-hood of the surface. Of

all the ores in the Bilbao district it has the widest distribution. Between

siderite, limonite, and haematite, there are all sorts of gradations, in most

of which however limonite preponderates ; such ores are known as Rubio

Avenado.

The Bilbao ores are in general of medium iron content, that is, on an

average they contain 50-52 per cent of iron. They are almost free from

deleterious constituents. The sihca content is moderate
;

phosphorus

and sulphur are almost completely absent. They are consequently ideal

Bessemer ores.

The chemical composition of the difierent ores may be gathered from

the following table :

1 Postea, p. 835.

[Table
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Carbonalo (Siderite)
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The ore is recovered from the Chirta by washing, when 40-50 per cent

of the material washed is recovered as iron ore of a composition correspond-

ing exactly to that of the limouite of the original deposit.

The importance of these Chirta deposits is evident from the fact that

some mines by washing such material produce 500 tons of ore daily. The

most important of such deposits are : in the Triano district, the mines

Rubia, Ventura and Josefita, Cerrillo, Marta and Capela ; in the Regato

district, the mine Lejana ; in the Galdames district, Elvira and La Buena
;

in the Arcentales-Sopuerta district, Catahna and Safo ; and in the Ollargan,

El Morro, and Miravilla districts, the mines Segunda and San Pedro.

Fluviatile gravel-deposits in the Bilbao field occur on both sides of

the river Cadegal, where from the Vicenta and Maria mines about 60 tons

are won daily. The length of such deposits is stated to amount to several

kilometres. It is interesting to note that in a vertical section through

these deposits porous uncemenfced ore often alternates with compact ore.

Concerning the genesis of the original deposits at Bilbao, the following

factors must be considered : The phcation of the Cretaceous beds took

place between the Eocene and Miocene periods. At this plication not only

did synclines and anticlines result, but a number of other disturbances in

addition. One probable consequence of the folding was the ascent of

mineral solutions containing carbonic acid and iron. These solutions,

more particularly where sandstone was the foot-wall, metasomatically

altered the limestone, this alteration having probably taken place in

Miocene time. First then, as with almost all metasomatic iron deposits,

siderite was formed, which mineral afterwards became changed to limonite

and haematite.

In Tertiary time also, the disintegration of the primary occm'rence

began, this continuing into the Alluvium. In this manner the Chirta

deposits, that is, the eluvial and fluviatile gravel-deposits, were formed,

some of which are being worked to-day. Since in the chemical alteration

of siderite to limonite cavities result, which by the action of meteoric

waters become partly filled with fragmentary ore, the above-mentioned

vertical alternation of porous with compact ore, arises. The large amount
of these fragmentary ores indicates the tremendous volume of water which

must have been active in their formation.

According to the view held by Wedding, which Krusch however

controverts,^ Hmonite and haematite are primary and to be regarded as

precipitates from a lake, such lake having been formed after part

replacement of the limestone by siderite had taken place. This however
is not in agreement with the generally accepted view concerning the

origin of these deposits.

1 Zeit. f. prakt. Geol, 1897, p. 254.
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The importance of this Bilbao field may be gathered from the following

table of tons produced in different years :
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Thukingian Forest

(a) Kamsdorf near Saalfeld
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The Palaeozoic mountain core of the Thuringian Forest is separated

from the Zechstein and Triassic fore-ground to the north, by a well-defined

boundary fault. This bayonet-Uke break, which in places is developed as

a flexure, is of great importance in the metasomatic minerahzation, in that

it served as the circulation channel for the solutions. While it generally

conforms to an Hercynian strike, east of the Saale it strikes east-west,

losing at the same time its simple character and breaking up into a

number of parallel fissm'es accompanied by step-faulting. From these

fissures the Zechstein limestone and dolomite near Kamsdorf, dipping flatly

to the north-north-west, were altered to iron ore.

Two different Zechstein horizons were thus attacked. The Zechstein,

lying unconformably upon the Culm, consists in its lower portion of a

conglomerate, above which comes the Kupferschiefer, and then Hmestone
mth intercalated bituminous marly slates ; in its middle portion, of the

main dolomite which in part is porous ; and in its upper section, of a lower

variegated clay, a blocky dolomite, and an upper variegated clay. The
beds to suffer alteration are, in the first place the lower hmestone, and
then subordinately the middle dolomite. The Upper Zechstein contains

no iron ore.

The iron solutions to which the replacement is due circulated in the

main fissures, producing siderite, or ' mica ' as the miners at Kamsdorf
call it. This alteration is the most intense along the fissures, from
whence the intensity diminishes with distance. With complete replace-

ment the original structure and bedding of the hmestone may no longer

be recognized. As indicated in Fig. 374, around the borders the ore

merges into ferruginous hmestone, which in turn gradually gives way to

normal limestone.

VOL. II V
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It is interesting to note that at Kamsdorf not all the Hmestone layers

were equally susceptible to this alteration, and that in consequence the

iron content and the extension of the alteration varies with the layers.

Generally a lower and an upper deposit are distinguished, these two being

separated by a bed of slate. In places however there are other subordinate

deposits.

The width of the deposit at right angles to the plane of the fissure is

generally 20-50 m. with 80 m. as a maximum. The maximum thickness

Red Culm
Grauwacke-

slate.

Weiss- ilutter-

liegendes. fliiz.

Kupfei-
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developed, the Lower Zechstein being fully present only at Asbach and
Liebenstein. The Middle and Upper Zechstein are however always
complete.

In regard to minerahzation the blocky dolomite is most important
since the deposits are chiefly associated with it. This thick-layered dolomite
is of a grey or yellowish-brown colour and of friable character, while between
its different layers rauchwacke-hke, porous, and sandy rocks occasionally

occur. As at Kamsdorf so also here, siderite was first formed which
afterwards by oxidation, partly from the surface and partly from fissures,

Fig. 375.—Position of the limonite pockets along the Klinge Fault. Scale 1 : 25,000. Scheibe.

6'r. =granite; Gu. (rr.= gneissic granite ; ZP—Zechstein Blocky Dolomite ; Zi=Zechstein Clay

;

i)= diluvial detritus ; x=iron deposits.

became altered to limonite. This limonite often displays the structure

of siderite, though it also occasionally occurs in the form of kidney ore.

In consequence of the contraction in volume which takes place at the

alteration of siderite to hmonite, the oxidized ore is porous and friable but

yet stiff enough to smelt in the blast furnace, earthy and loose ore occur-

ring only in the neighbourhood of the outcrop. The siderite is coarsely

crystalline and generally of a leather colour ; when whitish-grey and

finely-crvstalline it has a lower iron content. The ferruginous limestone

resembles the limestone and dolomite in structure and bedding, though,

differing from the occurrence at Kamsdorf, it contains but 5-12 per cent

of iron.

More than was the case at Kamsdorf, these Schmalkalden deposits are

distinguished by a large number of associated minerals. Of these barite

is the most common, this mineral partly occurring massive in veins and

nests, rather in the hmonite than the siderite. Calcite is not uncommon.
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The high manganese content of the ore, which at the oxidation of siderite

becomes concentrated in nests of pyrolusite, is particularly notable.

The composition of the Schmalkalden ore may be gathered from the

following analyses :

Fe. Mn.

iderite

—

Coarsely -crystalline 39-3

Compact . . 34-9

Raw ore . . . 37-3

Roasted . . . 52-0

limonite

—

Mommel, old aver-

age sample . 44-3

Mommel, decom-
posed . . . 40-6

Hand specimen . 49-2

5-2

5-7

7-5

6-7

5-8

5-1

61

CaO.

M
0-7

1-9

1-7

MgO. BaS04. SiO.,. AI2O3 HoO. P2O3

1-5

1-4

11

3-6

4-4

12-3

BaO
6-2

1-4

CaO + MgO
9-3

12 7
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defined topographical boundary of the Devonian coral hmestone results

from a partial sinking of the Culm beds against this Devonian uplift, along

fissures belonging to the Oberharz lode-system. The southern boimdary

for instance is formed by the Silbernaal lode-series with its subsidiary and

associated fissures.

Not everywhere, of course, is the boundary of the Devonian against

the Culm referable exclusively to tectonic disturbance ; several imder-

ground developments have indeed shown that Culm beds were actually

deposited upon the limestone ; while, occasionally, faults which on sm-face

appear as boundary faults, in depth penetrate the Devonian limestone.

From the south-east striking and mostly south-west dipping boundary

faults and the numerous subsidiary fissures accompanpng them, the hme-

stone became changed by mineral solutions to siderite, while barite and

quartz were deposited at the same time. This replacement of the hme-

stone is neither regular nor uniform. It is much more usual to find a

succession of small funnel-shaped bodies, in which the limestone appears

sometimes sUicified or dolomitized, and sometimes altered to siderite, and

then again by oxidation to limonite.

At such oxidation the isomorphous substances associated with the

siderite—and especially manganese oxides, calcite, and dolomite—became

separated in part as well-defined crystals or stalactites. In addition to

barite—which often so contaminates the deposit as to make it unpayable

—quartz, pyrite, chalcopyrite, bornite, malachite, and asphalt, also occur.

The connection between the metasomatic alteration of the Iberg

hmestone and the latest filhngs of the Oberharz lodes west of the Innerste,

is notorious. On the one hand, the boundary faults on the south-west,

embracing the Prinz Regent and Ober lodes, carry the same filling as

the Oberharz lodes ; while, on the other, the barite of the Iberg iron-

stone may have been introduced in aqueous solution from the neigh-

bouring Zechstein along the westerly continuations of the boundary faults,

just as the Lautenthal saline spring to-day deposits barium sulphate in

the pipes underground in the mines.

The disposition and intensity of the water circulation through these

fissures is still recognizable in the numerous caves and pot-holes formed,

such as may be observed in great number at Iberg. The separate ore-pockets

are very irregular in form. Bodies of 1 m. in thickness may suddenly

swell out to 4:0 m. and just as quickly completely disappear. With

these it cannot always be said whether the ca\dties in which they occur

were formed from fissmes, or whether such bodies resulted from typical

metasomatism. Since however at Iberg both types of deposit occur closely

associated, the occurrences without doubt belong to the class of ca\"ity-

fillings with associated metasomatic deposits.
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The composition of the siderite and limonite may be gathered from

the following analyses, each of which represents the average of many
determinations :
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The Schafberg forms a subsidiary fold of the large Hercyiiian main

fold. The Zechstein lying upon the Coal-measures consists of the basal

conglomerate, the 0-75 m. thick Kupferschiefer which hei-e only contains

traces of copper, and thin-layered dolomitic hmestone, this last constitut-

ing the principal mass of the formation. The district is traversed by strike-

and dip faults, these being particularly noticeable along the southern

outline of the Schafberg.

The iron deposits are associated with the thin-layered dolomitic hme-

WE 7ZZA
Carbon, Zechstein Bunter Muschclkalk Heuper

Brown Jura White Jura MunderMaris,
Weaiden

^eocomt Diluvium Affuvit

/• . •

Fig. 376. —Geological plan of the Hiiggel district. Scale 1 : 75,000. Haack.

stone, from the material of which however they are sharply separated.

They consist of irregular pockets of Hmonite which, though sometimes but

a few metres in size, may at times be more than 100 metres. Such are

found right around the Schafberg. Concerning their extent in depth very

little is known as the deepest workings are but 20 m. below the surface.

The limestone in which the masses occur is well bedded, the separate

layers being 5-15 cm. in thickness and dipping 20°-35° to the south.

Only in the immediate neighbourhood of the ore is it at all ferruginous,

displaying then chimneys or pipes from finger to arm's thickness, these

being occasionally filled with loose sand. Intercalated with the ore are
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beds of silica, so that, unlike that at the Hiiggel, this ore contains some

insoluble residue.

While some of the deposits are connected with one another, most

occm' isolated in the hmestone. There is no regularity in their occurrence
;

they do not all lie in the direction of the faults, and it must therefore be

assumed that the solutions themselves made their own way out from the

fissures. Almost always however, their extension is greater along than

across the bedding, probably because the bedding-planes facihtated the

circulation.

The deposits at the Schafberg are undoubtedly due to the metasomatic

replacement of hmestone, though the actual source of the solutions, which

some say came from depth and others from surface, is not clear.

The composition of the ore may be gathered from the following

analyses :
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wall, the 20-30 m. above this bed being ferruginous flux, as which indeed

it is mined.

In this case also, the hmestone was first altered to siderite which

subsequently by meteoric waters became oxidized to hmonite, or, in the

uppermost portions and in consequence of advanced weathering, to a

dark-yellow or brown ochre. The undecomposed hght-grey sideritic

dolomite in depth is sometimes so ferruginous as to deserve the term

siderite.

The developments in the zone of unaltered siderite are particularly

interesting. Almost everywhere the yellowish grey siderite is hard and

finely-crystaUine, occasionally dark bituminous streaks alternate with those

of Hghter colour, while alternations of siderite and clay-slate have also

been observed. In addition, the occurrence of Sfyolites in the ore-bed is

noteworthy.

The deposits in general dip and strike miiformly. At places in depth

narrow cavities occur between the separate thicknesses, an occurrence

which must be regarded as evidence of re-crystallization.

According to Beyschlag these siderite beds were formed metasomatic-

ally at the folding and tilting of the Hiiggel, when iron solutions penetrated

the hmestone along fractures and crevices, dissolving that rock and deposit-

ing iron carbonate, with the result that where the change was complete

clean siderite was formed, and where incomplete, ferruginous hmestone.

The parent fissures of these occurrences have not yet been located,

and it must therefore be assumed that these in the process of change

have been obliterated. The disturbances which have brought the ore-bed

into contact with unaltered dolomite are probably of younger age.

The composition of the Hiiggel ore may be gathered from the following

analvses :
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of insoluble residue, and 24 per cent of water ; tlie siderite has less water

and only 6-10 per cent of insoluble residue. The ore generally contains

but httle phosphorus or manganese and is consequently suited for the

production of Bessemer steel,

BlEBER

LITERATURE

W. Bucking. ' Der nordwestliche Spessart,' Abhandl. d. pr. geol. Landesanst.,

1892, Part 12, p. 148.—W. Brtjhns. Die nutzbaren Mineralien und Gebirgsarten im
Deutschen Reiche, 2nd edition of Deehen's work. Berlin, 1906.—Explanatory text with
the geol. Spezialkarte of Prussia, etc., Section Bieber and Lorhaupten.

Bieber lies on the north-west border of the Spessart. In this situation

crystalhne schists constitute the core of a synchne formed after the deposi-

tion of the Bunter, this synchne, still in part overlaid by the Rotliegendes,

appearing through a Zechstein and Bmiter covering ; striking north-west

its limbs dip respectively to the north-east and south-Avest. To the north-

east the Bimter continues undisturbed, while to the south-west it is cut

by a north-west striking fault, the position of which is indicated on the

surface by a ridge. In the foot-wall of this fault, which dips to the south-

west, the iron deposits of Bieber occm-. These have resulted from the

metasomatic alteration of the limestone and dolomite of the lower Middle

Zechstein, by iron and sihca.

Fom- payable deposits, known respectively as the Biichelbach, the

Streitfeld, the Lager, and the Lochborn beds, have been opened up. Of

these only the last, the most important of the whole Spessart, is still

being worked. This deposit has been developed for an unbroken length

of 2 km., that is, from Galgenberg to the Lochborn valley, while a further

continuation of 2 km. has been proved by boring. It runs obliquely to

the above-mentioned fault by which to the north it is cut off. Genetically

therefore the deposit has nothing to do with this fault, by which indeed

it is downthrown 100 m. in the hanging-wall. The w^idth of this 4 km.
long Lochborn bed fluctuates, as does also its thickness. The ore moreover

does not keep to any fixed horizon, but from west to east it rises higher

and higher above the Kupferschiefer, though occasionally the whole

thickness between this copper-shale and the Upper Zechstein consists of

ore. While the width reaches as much as 450 m., the thickness may there-

fore be said to vary from nothing to 20 metres. A sharp separation

between ore and rock, whether in hanging-wall or foot-wall, is only

found when that rock is other than limestone and at the same time

not suited to alteration. When limestone forms the country-rock there

is a gradual passage from ore to rock.

The ore-bed consists in its lower portion of a bedded, clayey siderite
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sprinkled with tetrahedrite, galena, and copper minerals, while the upper

portion consists of porous ore in compact limonite. As is often the case

with such deposits, the iron ore is associated with the manganese

minerals pyrolusite, manganite, psilomelane, and wad, which occur- either

in independent bmiches or finely distributed throughout the mass. In

smaller amount occur the carbonate, phosphate, and arsenate of lead,

copper, and iron, these probably having resulted from the oxidation of

the sulphides. It is possible that these heavy metals have come from the

cobalt lodes in the vicinity. The three other beds, at Galgenberg and

Burgberg, occur along the continuation of the Lochborn deposit ; their

thickness however appears to be less, and the ore is more loose, ochreous,

and manganiferous.

It will probably not be wrong to ascribe these Bieber deposits to the

alteration of hmestone by ascending solutions, the channels for which

existed in the Zechstein fissures. The first replacement was that by iron

ore ; then came the lead-, cobalt-, and copper ores, which are younger
;

while finally, the barite solutions saturated alike both fissure and meta-

somatic deposit.

The iron content fluctuates between 19 and 34-5 per cent, with a man-

ganese content which may rise as high as 17 per cent, while phosphorus

may reach 0-246 per cent, copper 0-56 per cent, and sulphur 0-17 per cent.

The arsenic content, which may be as much as 0-47 per cent, is an unfavour-

able factor.

The ore in spite of its high iron- and manganese content is a difficult

one on account of contamination by other heavy metals and by arsenic.

In consequence, large blocks are not mined, and only those works

which are in the position to dilute the amount of arsenic by admixture

with purer ores, can deal with it. Less than 0-1 per cent of arsenic is

sufficient to produce a cold-short iron.

The production of Bieber has latterly been 40,000-60,000 tons per

year. As to ore available, Einecke and Kohler estimate this at several

milhon tons.

The United States .
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Metasomatic iron deposits, so far as known, are not very numerous
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in the United States. There are, it is true, a large number of deposits in

the formation of which metamorphic processes have taken part, yet cases

of typical replacement of limestone by iron ore are very seldom met. It

is fairly certain however that hitherto but a small proportion of the existing

deposits of this class in America have become known, and also that these

deposits have received httle attention because purely metasomatic iron

ores under American conditions are often too poor to render exploitation

profitable.

The Appalachian Limoniies

Limonite deposits are fomid in the highly contorted sedimentary

beds of the Appalachian moimtains, which extend from northern Vermont
to central Alabama. The foot-wall of this metalhferous series is formed
by the old crystalhne schists, and the hanging-wall by Coal-measures.

The deposits occur in hmestone and dolomite, sandstone and quartzite,

of all ages from Cambrian to Carboniferous.^ The sandstones and
quartzites generally form well-defined ridges, while the calcareous rocks

he in the valley.

The hmestone when undecomposed contains small amounts of ferru-

ginous minerals, namely, the sulphide, carbonate, and sihcate of iron.

From these, by subsequent leaching and concentration, the deposits known
mider the following names became formed :

{a) Mountain ores.

(6) Valley or Limestone ores.

(c) Oriskany ores.

The Mountain ores are always found along the flanks or at the foot of a

sandstone-, hornstone-, and quartzite belt. In Virginia they occur in two
narrow zones, the first of which extends along the western slope of the

Blue Ridge, from Front Royal in Warren Coimty on the north, to a point

16 km. south of Roanoke Comity on the south. The second zone, which
appears to be a continuation of the first, hes in the New River district

in south-western Virginia.

These deposits occm- in Lower Cambrian quartzite and in the frag-

mentary sediments upon it. They form small irregular miconnected beds,

and are often associated with Tertiary clays, sands, and gravels. In

relation to form. Harder divides the deposits into the following classes :

(1) pocket deposits, which may be eluvial as well as fluviatile, and which
may be replacement masses or angular fragments and pieces

; (2) beds

in marl, ' which along veins and crevices have become replaced by ore
;

^ Pennsylvanian series.
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(3) beds in quartzite, whicli are either brecciated beds with contempor-

aneous replacement of the comitry-rock, or lodes.

The most important deposits consist of irregular bodies of 10-75 m.

diameter ; more characteristic however are the pocket-like masses illus-

trated in Fig. 377, which contain much manganiferous iron, the manganese

being generally concentrated into bunches of psilomelane and pyrolusite.

The ore may be hght or dark in colour.

Genetically it is proved that such Mountain ore has resulted from the

action of meteoric waters ; the iron content in the hmestone or marl above,

and perhaps also partly that of the quartzite, after having been leached,

///
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Fig. 377. -Mountaiu limonite occurring as an irregular mass in clay.

3Iary Creek mine near Vesuvius, Pa. Harder.

was deposited lower down, where more favourable conditions prevailed.

The faults and fissures present, would favour such a migration of the iron

content.

The Valley or Limestone ores are found, in larger or smaller porous

masses closely associated with limestone, in the belt which bounds the

Mountain ores to the west and north-west. Into these masses the hme-

stone sometimes penetrates its craggy points.

These ores are often accompanied by clay ; their quahty is however

in general better than that of the Moimtain ores. They usually contain

40-55 per cent of iron, 5-20 per cent of silica, and •02-0-1 per cent of

phosphorus, this last being somewhat less than with the Mountain ores.

They hkewise are unsuitable for the Bessemer process.

These deposits were formed by solutions descending through the
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limestone, thougli, unlike the Mountain ores, these Limestone ores do not

reach the quartzite under the limestone.

The Oriskany ores take their name from the Oriskany sandstone
;

they are replacements in the upper horizon of the Lewistown limestone.

As may be gathered from Fig. 379, with comparatively large size they

may extend to considerable depth. The iron content of the 5-10 m.

deposit amounts to 35-50 per cent, with 3-4 per cent of manganese, 0*06-

0-5 per cent of phosphorus, and 10-25 per cent of silica. The resemblance

to the Mountain ores is considerable. The iron of the Oriskany ores comes

from the overlying Devonian marls, the considerable iron content of which

*•.
» .~ '— TTL-T"' CLau and Limonite ^ijrLZ

Fig. 378.—Structure of the Vallej' limonite deposits of the Kich Hill mine near

Reed Island, Va. Harder.

filtered down through the Monterey sandstone to the Lewistown hmestone

beneath, which it replaced.

The genesis of the Appalachian limonites is consequently very similar

to that of metasomatic deposits, such as those for instance which occur

at Kamsdorf in Germany.

In the case of the Oriskany deposits metasomatism proper took place,

while with the other two types subsequent fluviatile re-arrangement played

a part.

The West Tennessee limonite deposits appear to be related to the

Appalachian. They are found within a wide zone extending from the

northern boundary of Alabama and Mississippi through the western

bomidary of Tennessee and Kentucky. The foot-wall consists of a horn-

stone-like Cretaceous limestone. In regard to their composition also,

there exists a great similarity between the Tennessee and Appalachian
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ores. The principal places o£ production are Kusselville, Mannie, and

Goodrich.

It is Ukely that a portion of the ores found in the Ozark uphft belong

to this class, this uphft being the dome-hke group of hills, almost 2000 m.

in height, occupying the southern half of Missouri and a narrow strip

LenistcrtynLunestone hornstone like

3rown hornstone likeShale

Ore Monterey OanJjbme

Blue Shale

RomneyMarl

Fig. 379.—Oriskany limouite deposit at the Wilton mine near Glen Wilton, Pa. E. C. Harder.

along the northern botmdary of Arkansas. The basement is formed of

Archaean and Algonkian porphyry and granite, overlaid by Cambrian,

Silurian and, in the south-west of the district, also by Lower Carboniferous.

The deposits occurring here in Carboniferous limestone are regarded

as of metasomatic formation, their iron content having percolated from

the Cambrian and Silurian beds into the Carboniferous hmestone. These

deposits do not appear to be of any great economic importance.



THE MANGANESE LODES

As already stated,^ anjd re-stated when discussing the sedimentation of

the iron- and manganese deposits,^ iron and manganese have chemically

and geologically many properties in common, such for instance as the fact

that the small amounts of both metals contained in the rocks go fairly readily

into solution. Since however in the earth's crust iron occurs to about

sixty times the extent of manganese,^ deposits of manganese, and especi-

ally manganese lodes, are much more seldom than those of iron. This re-

lation between the two metals finds expression in the figures of production;*

while more than 140,000,000 tons of iron ore are produced yearly, approxi-

mately but 1,500,000 tons of manganese ore, together with a fairly con-

siderable amount of iron-manganese ore, are marketed.

The most important manganese deposits are the bedded deposits

which, in the Caucasus, South Russia, British India, and Brazil, together

yield the preponderating portion, some 80-90 per cent, of the total produc-

tion. Chiefly owing to the competition coming from such deposits, but

also because of the stringent conditions as to pmity of ore, manganese
lodes are but seldom payable.

With regard to the genesis of manganese lodes, it is significant that

in many cases it is not only a question of simple fissure-filling but at the

same time of subordinate though often striking metasomatic alteration of the

comitry-rock. In isolated cases the fissure-filling is quite insignificant and
the deposit is only payable by reason of the concomitant metasomatism.

It is evident therefore that the solutions which deposited the manganese
were capable of powerfully attacking the country-rock.

At Elgersburg, in the north of the Thuringian Forest, a metasomatic

alteration of quartz-porphyry, one of the most resistant rocks, may be

observed, this alteration being so far advanced that only the porphyritic

quartz individuals remain untouched. To the same complete extent are

porphyrites also sometimes replaced.

1 A7iie, p. 161. 3 Ante, p. 15.3.

2 Posted, p. 979. * A7ite, p. 161.

VOL. II 851 Z
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In regard to the source of tlie manganiferoiis solutions, each case

must be specially studied and considered. Small amomits of man-

ganese are admittedly contained in most hmestones and dolomites, in the

form of the carbonate. At many places, therefore, there exists the possi-

bihty for the descending fissure- and ground waters to extract from such

dolomite and hmestone, not only the carbonates of iron, hme, etc., but also

that of manganese. This of course could only take place provided that

oxygen were not present or that it had already been elsewhere consumed,

since otherwise the manganese would be very quickly precipitated from

its solution as oxide.

From solutions charged with carbonic acid and mider oxidizing con-

ditions iron is precipitated before manganese ; under neutral or reduc-

ing conditions, on the other hand, the two carbonates are precipitated

simultaneously. Under these latter conditions the siderite lodes, which

in general are remarkable for a fairly high manganese content, were

formed. Since however the solutions only exceptionally contained much

manganese and but little iron, large deposits of rhodochrosite poor in iron are

exceedingly uncommon ; they are found for instance, as is mentioned in

the section dealing with bedded manganese deposits, in the Huelva district

of southern Spain. Typical lodes with payable rhodochrosite have however

not yet been observed.

In lodes formed under oxidizing conditions, iron oxide—and particu-

larly specularite and haematite—is deposited separately from manganese

oxide, the deposition of this latter taking place later than that of the iron

oxide. In hand-specimens it may often be observed that iron ore or an

impregnation with iron appears immediately next to the kernel of unaltered

rock, while the manganese occurs farther away as an outside rind. A
similar sequence may also be observed in lodes, where in many cases below

the manganese a zone of iron ore is found.

Owing to the wide distribution of manganese in calcareous rocks, the

opportimity to take up manganese is often afforded to such solutions as

penetrate hmestone. Silicate rocks also without exception carry some

manganese, which by weathering or by the action of heated waters passes

fairly readily into solution. The occurrence of manganese as dendrites

upon the joints of even sHghtly decomposed rocks is extremely common.

A considerable number of manganese lodes, among which however

not many are payable, occur in eruptive rocks, and preferably in such

as are acid, namely, granite, quartz - porphyry, etc. ; also often in

gneiss.^ Yet the basic rocks upon the whole are distinguished by

higher contents of iron and manganese than the acid. The relation

between the two metals is however to this extent disturbed, that the acid

I Vogt, Zeit. f. prakt. Geol, 1906, pp. 231-233.
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rocks contain a relatively higher proportion of manganese to iron than do

the basic. Solutions therefore arising from the decomposition of acid

rocks will contain relatively more manganese than those coming from

basic rocks. These considerations explain why manganese lodes occur

more often in acid than in basic rocks.

The shape of a deposit is closely connected with the conditions of

its genesis. With regard to manganese lodes it may be said that though

normal lodes may often be seen, an irregular ramification of the rock is

more frequent. Observations relative to the persistence in depth of the

manganese lodes point to no great extension in that direction.

The distribution of the manganese in the lode is sometimes more,

and sometimes less regular. In a payable lode, in any case, the minerahza-

tion must to some extent be continuous.

The minerals present in those manganese lodes which have been

worked are not very varied, being in general hmited to those of manganese

and iron. This fact however is largely due to the stringent conditions

made by the market as to the quality of manganese ore. There are

doubtless occasionally deposits where small amounts of sulphides are

contained in the manganese ; such as these, however, caimot for economic

reasons be exploited.

The primary manganese minerals in lodes occur crystalline, the most

common being m-anganite, braunite, hausmaunite, and pyrolusite. Of

these the last arises by alteration of the other three, so that pseudomorphs

of pyrolusite after manganite, braunite, and hausmannite, are often seen.

Near the sm'face and as a result of the weathering of these primary

ores, compact amorphous manganese minerals such as psilomelane, repre-

senting the gelatinous combinations, are often formed ; of the associated

iron minerals, haematite is the most common.

Among the gangue - minerals barite is particularly characteristic,

while calcite also is fairly common. The association of manganese with

barite is not only noticeable in lodes but, as will be mentioned later, also

in metasomatic manganese deposits. In addition to clean compact

manganese ore which on account of the market conditions is the class of

ore most sought, vuggy and brecciated ores also occur, while crusted ores

are fairly uncommon.
The distribution of payable manganese lodes is hmited to a few

districts in Japan, Central France, and Germany, these last including

Ilfeld along the southern border of the Harz, and Ilmenau-Elgersburg in

the Thuringian Forest. The German manganese lodes are practically

exhausted, while in all cases the production from lodes is small, the total

output from this class of deposit representing but a fraction of the world's

production.
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The German production, including that from metasomatic deposits,

is only about 300-400 tons yearly. The phosphorus content being below

0-05 per cent, the average value of this ore, owing to its good quality,

is about £4 per ton.

The Manganese Lodes in Thuringia
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The Rotliegendes of the central Thuringian Forest is crossed in the

neighbourhood of Ihnenau and Elgersburg by a large number of Hercynian

faults which, particularly on the hill range, are collected together in separate

groups. The direction in which they strike, coinciding with that of the

faults which bomid the range, suggests a Tertiary age for these subsidiary

faults, which in greater part are filled with fragments of country-rock, and

to a less extent with manganese ore. The three most important groups

are those at ]\Iittelberg near Arlesberg, Rumpelsberg near Elgersburg, and

Oehrenstock near Ilmenau. Smaller groups are found at the Liitsche, as

well as at Oberhof, Klein-Schmalkalden, and many other places. With

few exceptions the lodes at ^Mittelberg and Rumpelsberg occm in quartz-

porphyry, and those at Oehrenstock in porphyrite tufi.

A steep dip of 70°-90°, the absence of a defined parting on the hanging-

wall, and a sharp separation between ore and country-rock on the foot-wall,

characterize these manganese lodes as fissures along which large moimtain

masses falling through a small vertical distance, appear to have subsided.

The hanging-wall hmit to the lode is often hard to determine, there being a

gradual passage from lode material to compact unbroken rock.

The ^littelberg group includes the occurrences on the Mittelberg,

the ^Y^isttrummey, and the Himmeheichskopf, between the Jiichnitz and

Zahmer Gera valleys. Quartz-porph\T:y sheets belonging to different

outflows constitute the country-rock ; no influence upon mineralization of

the change from one sheet to another has anywhere been observed. The

principal lode, worked in the Voile Rose and Wilhelms Gliick mines, may

eventually be proved to be valuable for a considerable length ; it reaches

in places a width of 4 m. and even 9 metres. This lode, as well as its parallel

and branch associates, consists of fragments of cotmtry-rock involved in a

network of small metalliferous veins. Psilomelane, locallv known as hard
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manganese, is the principal ore, in comparison with which fibrous pyrolusite

is subordinate. Barite is almost the only gangue-mineral. Veins of pure

manganese ore occasionally reach as much as 0-40 m. in width. Sometimes

even when the vein itself has only the thickness of a knife blade, the

porphyry enclosing it is completely coloured black and in part altered to pay-

la)

Granite
contact

(b)

Amphi-
bolite

Granite Lower Middle Upper

Rot]iegendes
Rotllegeudes

Fig. 380.—The manganese lodes of the Thnringian Forest near Oehrenstock. Scale 1 : 100,000.
Geological Map of Prussia.

able hard manganese ore, the quartz individuals alone remaining unaltered.

The Rumpelsberg group extends chiefly along the Hohe Warte and

the Schnittstein. In regard to the texture and condition of the country-

rock, as well as to the small amomit of gangue with the ore, this series

resembles the Mittelberg group. The principal lode, worked in the For-

tmiatus and Hoffnmigs mines, strikes east by south and dips 70°-80° to

the north. Its width is about 0-8-1-5 m., the separation from the country-

rock being regular and definite on both walls. The lode-filhng consists of

fibrous pyrolusite which sometimes extends in separate seams along the
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hanging-wall and foot-wall, and sometimes forms the cement of a breccia

of angular fragments of porphyry.

To the Kumpelsberg group belongs also the important series which,

beginning in the neighbourhood of the lower Stein valley, continues from

Jiichnitzgrunde to the Hohe Warte. Upon this series the old mines

Gottesgabe, Friedensfiirst, and Altes Roderfeld, worked. Only in the

lower Stein valley does the conglomerate of the Upper Rotliegendes be-

come the country-rock, this rock consisting elsewhere of different, often

spheruhtic outflows of quartz-porphyry. Here also a brecciated filling

is more common than the occurrence of normal veins of pyrolusite and

psilomelane. In the Altes Roderfeld the lode width reached in places as

much as 10 metres. Foot-wall veins often occur accompanied on either

side by a deep red colouration of the porphyry, the width of this colour-

ation increasing and decreasing with that of the vein. This can only be

taken to indicate a saturation of the quartz-porphyry by ferruginous

solutions proceeding from the vein fissures.

In the Oehrenstock group, as before mentioned, the comitry-rock

consists of porphyrite tuff. In general the lodes here can only be followed

for short lengths, the one exception being that worked in the mines

Hiittenholz, Pingen, Luthersteufe, and Beschert Gliick, this lode continuing

metalhferous for a length of one kilometre. Calcite in the gangue is as

characteristic as the occurrence of crystallized hausmannite, braunite, and

radial and fibrous pyrolusite, though these minerals, it must be remarked,

become less frequent in depth. The lodes in general strike south by east,

though numerous branch and re-entering veins often conceal the real strike.

They dip some 70° to the south. In the foot-wall the parting is well

defined ; upon this the 10-50 cm. of brecciated filling rests. With the

manganese ores, limonite and haematite are occasionally associated, this

being also the case in the more isolated occurrences at Oberhof and at the

Kehltal fault ; indeed, at the last-named place these two iron ores in depth

completely replace the manganese.

The coincidence between the strike of these lodes and that of the

boundary faults of the Thuringian Forest suggests that these lodes owe

their existence to the same tectonic events which brought about the

subsidence of the Thuringian fore-ground. They are accordingly probably

of Tertiary age, while their filling probably began in Miocene time.

Concerning the source of the solutions from which the ore and gangue

were deposited, the occasional decomposition or bleaching of the country-

rock along the fissures, as well as the occurrence of manganese dendrites

along the joint planes, have by some been quoted as due to lateral secretion

or the leaching of the comitry-rock.^ It must, however, be pointed out

^ Zerrenner, op. cif. pp. 136, 157.
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tliat in most cases there can be no question of extensive decomposition,

while the continual change in comitry, which consists alternatively of

porphyry, porphyrite tuif, and conglomerate, completely excludes this view.

The experience that these manganese lodes become poorer in depth^

—

although in the principal lodes the hmit to the minerahzation has not

yet been reached—and the analogy in geological position between these

lodes and the manganese lodes at IKeld which are not nearly so deep,

render it probable that they have received their filhng from descending

solutions. The circumstance also that in depth along the same fissure a

passage from manganese ore to iron ore has in places been observed,

favours such a view.

Most certainly the lodes are more numerous in the neighbourhood

of the boundary faults and flexures, while impregnation of the beds

with manganese in the neighbourhood of subsidences or following the

peripheral distribution of the Zechstein is undeniable. At Louisental,

the steeply-tilted Zechstein dolomite is altered at the flexure to loose

copper-manganese ore ; at the Kehltal fault, sunken wedges of Zechstein

dolomite are found altered to manganese ore ; while on the Raubschloss

and the Walsberg on both sides of the Wilde Gera valley, manganese

occurrences associated with the Zechstein subsidence are known. The

discovery of boulders of sihcified Zechstein in an elevated position at

Oberhof demonstrates, as do also the above-mentioned subsidences and

the occurrence of Zechstein remnants at Scheibe near Rennsteig, that

formerly the middle portion of the Thmingian Forest was completely

covered by Zechstein.

The distribution of the Thuringian and Harz manganese lodes conse-

quently appears to be genetically dependent upon a previous covering of

Zechstein which became removed dm-ing post-Tertiary denudation.

The Manganese Lodes at Ilfeld in the Harz

LITERATURE

W. HoLTZBEEGER. ' Neues Vorkoramen von Manganerzen bei Elbingerode am Harz,'

Berg- u. Hiittenm. Ztg., 18.59, No. 42, p. 383.—F. Naumann. ' tjber die geotektonischen

Verhaltnisse des Melaphyrgebietes von Ilfekl,' Neues Jahrb. f. Min., Geogn. u. Geok, 1860,

p. 1—C. Zereenner. I)ie Braunstein- oder Manganerzbergbaue in Deutschland, Frank-

reich und Spanien. Freiberg, 1861.—H. v. Dechen. Die nutzbaren Mineralien Deutsch-

lands, 2nd Ed.. 1906.—0. Schilling. Explanatory Text with the geological map of

Prussia, etc., Section Nordhausen by E. Bej-rich and H. Eck, 2nd Ed. p. 10, 1893.

The manganese lodes at Ilfeld occur in Rotliegendes beds unconform-

ably overlying the Elbingerode grauwacke, and in turn unconformably

overlaid by Zechstein. These Rotliegendes beds form an extensive com-

plex wherein conglomerates alternate with sandy and clayey sediments,
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and which includes sheets of melaphyre, porphyrite, and felsite-porphyiy,

some of which are of considerable thickness.

This complex may be divided into three sections, of which the lowest,

formerly considered by E. Weiss as belonging to the Upper Carboniferous,

is characterized by conglomerate of exclusively Hercynian origin. The

middle section, formerly considered as the Lower Rotliegendes, contains the

intercalated sheets of melaph}T:e and porph}T:ite, and otherwise consists of

conglomerate and tufE-hke rocks which, in addition to Hercynian material,

^
Elbinge- Lower Middle Zeclisteiu Gypsum Bunter DiluTium Melaphyre Porphyrite Ore-

rode and Upper Deposits

wacke Kotliegendes

Fig. 381.—The manganese lodes at llfeld in the Harz. Scale 1 : 100,000. Survey by the

Pr. Geol. Landesanst.

also include fragments of porphyrite and melaphyre. For the upper

Rothegendes only a narrow horizon is set apart, which, as in the other

German districts, contains no eruptives.

In connection with the manganese lodes the porphyrites particularly

are concerned, these being separated from a melaphyre below by sediments,

while, in part at least, they are covered by slates, etc. Both these erup-

tives, as Naumann pointed out, are bedded occm-rences. The porphyrites

are distinguished by large segregations of felspar, bydecomposed hornblende,

and more seldom by specularite and garnet, in a compact, brown, reddish-
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grey, or green coloured ground-mass, consisting presumably of the same

constituents. This eruptive forms in the Ilfeld district an irregular con-

fusion of steep and rocky hills.

Most of the iron- and manganese lodes are fomid within this occurrence

of porphyrite, to the west of the Behre. The manganese lodes vary from

a few inches up to 2 feet in width ; they strike from east by north to south-

south-east, and dip generally 60°-80°. At the Monchenberg near Ilfeld,

the entire porphyrite mass is traversed by manganese ore in such a

manner that the whole is worked in a quarry-hke opencut. The depth to

which these lodes reach is generally but 10-12 m. and exceptionally as

much as 60 metres.

All the lodes are accompanied by subsidiary veins, the ore of which,

generally without gangue, is fast attached to the country-rock. The ore is

sometimes compact and sometimes crystalline. The crystals of manganite

presented from this district to so many mineral collections occurred very

extensively in the upper levels. The principal minerals are, manganite,

pyrolusite, varvizite, braunite, hausmannite, psilomelane, and wad ; while

barite, subordinate felspar in part coloured by manganese, and, in the

Silberbach mine, rhodochrosite, are the principal gangue-minerals.

An important factor in regard to the genesis of these manganese lodes

is the companionship of iron veins, which here attain a width of 1-2 m., so

that approximately one-third of the filling consists of iron ore.

The separation from the country-rock is sharp. The red gouge on

the walls is of use as a colouring material. When barite predominates the

lode-filling is generally coarsely-crystalhne. The iron ore, which in depth

increases in amount, consists sometimes of piu-e, and sometimes of impure

clayey haematite or of kidney ore, in either case intimately intergrown

Avith barite. These mines are now regarded as exhausted.

The iron lodes may also occm: in amygdaloidal melaphyre, in which

case compact haematite, yellow and red jasper, are found.

Genetically there is much to suggest that the solutions to which the

manganese- and -iron lodes owe their existence were descending solutions,

which probably derived their metalliferous content from the ferruginous

rocks in the Zechstein and Rotliegendes.

The Japanese Manganese Deposits

literature

Mining in Japan, Past and Present. Published by the Bureau of Mines, 1909.

For a long time rich manganese deposits, the ore from which fetched

good prices in the German market, have been known to exist in
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Japan. Unfortunately however, as the technical descriptions were all in

Japanese it has hitherto been almost impossible to get any exact information

concerning these deposits. The appearance in English of the above-cited

work wherein the principal Japanese deposits are described, is therefore

all the more welcome. The position of these deposits is given in Fig. 310.

Manganese ores are among the most widely distributed of the useful

minerals in Japan, being fomid in not less than forty-nine of the seventy-

nine provinces.

These ores occur in deposits which according to their age may be

divided into two main groups, namely, the Palaeozoic or still older group
;

and the Tertiary or still younger group.

From the descriptions in the above-cited work it is not always clear

whether the different deposits are epigenetic or syngenetic ; in but few

cases only is lode character distinctly stated, though, as will be shown below,

in other cases it may be assumed that the ore-bodies occurring conformably

with the strike and dip of the country, are epigenetic occurrences in connec-

tion with fissures. We therefore for the time consider it proper to consider

the Japanese manganese deposits here, leaving future investigation to

decide whether or not they should in reality be classed with the ore-beds.

The older deposits have the greatest distribution. They occur in

gneiss, sericite-schist, quartzite, Radiolarian schist, schalstein, and clay-

slate, generally of Palaeozoic age. Whether or not some are of Mesozoic

age cannot at present be determined.

Most of these deposits are irregular lenticular bodies with their greatest

length approximately parallel to the bedding. In size they vary between

wide limits ; sometimes they are small pockets, sometimes large masses

out of which 100 tons or more of clean ore may be obtained, while some-

times again they may even be large enough to sustain prolonged operations.

The deposits are often accompanied by disturbed zones.

Usually the ore occurs exclusively in the oxidation zone, that is,

above the ground-water level. In such case they are worked by opencut

or from small shafts. Mineralogically the ore consists of various mixtures

of the oxides, psilomelane, pjrolusite, wad, etc. ; more seldom manganite

occurs in small prismatic crystals lining cavities in the ore, as on the islands

Mutsu and Echigo ; while not infrequently the psilomelane forms compact,

radial or fibrous aggregates, as upon Ugo and Noto. In depth, rhodonite

is often found with the oxides, from which fact Japanese investigators

are inchned to assimie that these latter represent the decomposition pro-

ducts of rhodonite and other manganese silicates.

At Toba in Shima the ore is occasionally associated with a light yellow

phosphoric mineral found enveloping pieces of manganese ore, than which

consequently it must be yomiger.
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The younger manganese deposits occur in Tertiary and Quarternary

rocks. Large deposits belonging to this group are found upon the islands

Noto, Ugo, Mutsu, and Hokkaido. At Searashi in Noto irregular pieces

from nut- to barrel size are found in a bleached green breccia-tuff. The

ore is usually accompanied by jasper, this having probably resulted from

concomitant sihcification.

Along the coast at Koiji in Sudzumizaki, Noto, isolated occurrences

are found in a district which is probably underlaid by basalt.

At Fuku-ura, Mutsu, there is among others a 2-4 foot thick bed-like

manganese deposit intercalated with Tertiary shales. In addition, between

the ore-bodies concretionary masses are often found arranged almost parallel

to the bedding. The metalhferous sections of the complex are bleached and

in consequence known as Shabontsuchi or soap-clay, while the concretions

are known as ShabonJcui or soap-eaters. Here also the ore is associated with

jasper, which is often found coated with manganese oxide.

At Owani in the southern portion of Mutsu, an approximately 3 foot

wide manganese lode occurs in altered hparite, this rock on both sides of

the lode being altered to soap-clay.

Li the western portion of the island Hokkaido, mines are at work in the

provinces Shiribeshi and Oshima. The Pirika mine in Shiribeshi lies

approximately 8 miles north-west of Kunnui, a station on the Hakodate-

Otaru railway. There the ore occm's in irregular masses, 1-3 feet in thick-

ness, in a tuffaceous bed made up of sandstone, slate, and breccia, which

strikes N. 70° E. and dips 75° north - west. In this the metalhferous

horizon is underlaid by a coarse-grained hornblende-granite, and overlaid

by a presumably diluvial gravel. In the last-named gravel, manganese

ore also occurs in irregular layers. Since the ore encrusts boulders of

granite and andesite as well as tree roots, it is evident that the deposit is a

secondary and recent formation.

Japanese manganese ores contain :
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that the immediate comitry-rock is bleached and that boulders of a

supposedly diluvial gravel are coated with manganese oxide.

In spite therefore of the bed-like form it is probable that the Japanese

manganese deposits are epigenetic occurrences formed presumably by

mineral solutions which saturated the rocks. The possible source of such

solutions is not clear ; in part they may have been meteoric waters

percolating down through porous beds, and in part waters circiilating in

fissures. There are however some which are possibly true ore-beds.

The manganese ore production of Japan in 1907 was 20,327 long tons,

made up of 874 tons from Shiribeshi, 3237 tons from Tamba, 2259 tons

from Mutsu, 1671 tons from Bungo, and the remainder from seven-

teen smaller mining or prospecting districts. In 1908 the production fell

to 10,890 tons, and in 1909 to 8708 tons, while in 1910 it rose agam to 11,120

tons.

THE METASOMATIC IRON-MANGANESE AND MANGANESE
DEPOSITS

As already remarked when describing the metasomatic iron deposits, the

passage between the ores of these two groups is very gradual, and in one

and the same deposit sometimes limonite and sometimes manganese ore

may be won. In consequence, the distribution of the metasomatic manganese

deposits arising from the alteration of Hmestone and dolomite coincides in

general with that of the similarly formed limonite deposits. As previously

stated, iron-manganese deposits are such as contain 12-30 per cent of man-

ganese in an iron ore. The occurrences in the Bingerbriick limestone belt

and ia the Lindener Mark near Giessen are therefore classed as such.

The genesis of these deposits is the same as that of the metasomatic

limonite deposits. In addition, they too have often been disintegrated by

meteoric or fissure waters, and their substance re-arranged and occasionally

re-concentrated in fragmentary deposits by running water.

The form of the deposits when the replacement has been complete is

bed-like, and when incomplete, irregular and pockety. The extension in

depth is dependent upon the distribution of the limestone. The mineraliza-

tion is seldom so regular as with the siderite- and limonite deposits.

Wherever the limestone contained clayey matter, this remained as

residual clay. Such clay is often now so mixed with the ore that this

latter as it comes from the mine must be washed.

The minerals present are the same as those with the analogous limonite

deposits. The manganese is generally distributed as concretions or nodules
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embedded in loose limonite. Earthy amorphous ores, resulting from the

alteration and concentration produced by weathering, are common. Com-

pared with these the crystalline manganese enrichments appear to be

younger.

It has already been stated that with the manganese lodes barite was the

characteristic gangue-mineral ; the same mineral is almost always present in

the metasomatic iron-manganese- and manganese deposits. This constant

occurrence is attributed to the original low barium content of the lime-

stone, this content being in the form of carbonate. At the alteration of

the limestone the barium was probably taken into solution as bicarbonate,

and afterwards, though apparently somewhat before the manganese and

iron, deposited as barite. The crystals of this mineral, which occur inter-

grown in the ore, may sometimes be of considerable size.

The structure of the ore is generally irregularly coarse, though when

only the greatest portion but not all of the hmestone has been altered, a

brecciated structure occurs in which unaltered hmestone-kernels and frag-

ments are contained between the fractures from which the alteration

proceeded.

In view of the small thickness of these deposits, primary depth-zones

have only in so far been observed that it is not every limestone bed

which is suited to such alteration, and that consequently an alternation of

hmestone with iron-manganese- and manganese ore,may occur. Secondary

depth-zones do not occur.

As an accessory constituent the presence of copper is occasionally

noticed, this metal also being found in the fissures and veins from which

the metasomatism proceeded. In such cases, though no enrichment of

manganese may occur, there may nevertheless be a secondary cementation

zone in relation to copper. Such secondary copper enrichment would be

found both in, and immediately under the manganese oxidation zone.

Owing to economic conditions aheady mentioned, metasomatic iron-

manganese- and manganese deposits are worked in but few places. Such

workable deposits are represented principally by the Lindener Mark near

Giessen, the deposits in the Bingerbriick limestone, and those in the Zech-

stein mantle in the eastern Odenwald.

Concerning the composition of these ores the analyses given for the

lodes may be taken to be apphcable, though with the quahfication that

the metasomatic ores are not so pure. They have consequently little

apphcation in the chemical industry and fetch but a low price.
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The Iron-Manganese Deposits along the Southern Border of

THE TaUNUS and THE SOONWALD

(a) Oberrossbach, Biebrich, and Bingerbriick
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Along this kill range which, consists prmcipally of quartzitic rocks,

iron-manganese deposits occur chiefly at three places, namely, between

Oberrossbach and Koppern, between Bingerbriick and Biebrich, and between

Bingerbriick and Stromberg.

According to v. Reinach the deposits at Oberrossbach-Koppern are

fomid in a subsidence running parallel to the Taunus in a south-west

direction, in which subsidence a strip of contorted Middle Devonian

hmestone has dropped down between pre-Devonian and Devonian beds.

Since however the surface is covered by Tertiary beds, the limestone never

outcrops, and the tectonic connection between the sunken beds, the adjoining

plateaus, and the two Tertiary coverings, is not apparent. Nor has this

Stringocephalus hmestone yet been exposed in all the mines.

Two types of ore - bed may be distinguished, namely, one lying

immediately upon the hmestone, as for example that occurring north of

Oberrossbach ; and a second intercalated between clay-slate and Tertiary

beds, as for example that occm-ring at Koppern where no hmestone has

yet been met.

At Oberrossbach, where mining operations are stiU only upon a small

scale, the dolomitized Stringocephalus hmestone, which has so far been

exposed for a length of one kilometre, dips on an average about 50° south-

east. This hmestone is irregularly fractured and forms the immediate

foot-wall of the deposit, the hanging-wall of which consists of Tertiary

sands and clays. The ore occm-s in pockets, bmiches, and valley-hke
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channels, along the crushed and steeply inclined boundary between lime-

stone and slate, the intercalated slaty, clayey, and sandy layers being

evidence of its transported character. The thickness of the deposits

varies greatly ; while along the channels this reaches 10-20 m., on the

crests of the Umestone the deposit is often entirely absent. The ore-bed

Fig. 382.—Transverse section of the manganese deposits north of Oberrossbach.

Scale 1 : 2200. Einecke and Kuhler.

consists of limonite with variable manganese content, and of pocket-

hke segregations of pyrolusite and psilomelane. The geological position

is indicated in Fig. 382.

A second bed, having apparently no connection with Umestone,

occurs about 1 km. to the west. This is probably the westerly continuation

of the steeply inclined portion of the eastern deposit. It has been opened

up for a length of 300 m. and to a depth of 100 metres. It is distinguished

:^^i::iii:i;i;i:i.'i'

M'-^>fBo^in'-Qre

Fig. 383.—Transverse section of the manganese deposits south of Oberrossbach. Vertical scale

1 : 2500 ; horizontal scale 1 : 7500. Einecke and Kuhler.

from the first occurrence by its thickness and pronounced bedding.

In the hanging -wall the ore is earthy and usually mixed with

quartzite pieces from the Tertiary and Diluvial country-rock. It is

probable therefore that it is no primary deposit from solutions, but a

fragmentary deposit of which the primary occurrence appears to have

been of metasomatic origin. The fragments of slate and quartzite con-

tained in it have been crushed and disintegrated, with the formation of

clayey and sandy material aromid them ; the gradation between such

pieces and ore is gradual. The geological position of this deposit is illus-

trated in F'vr 383.
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The deposit at Koppern along the southern border of the Taunus,

lies upon quartzite, from which it is separated by disintegrated quartzite

and clay, while in the hanging-wall it is covered by an alternation of clay

and sandy beds. Here also the deposit is secondary, and high-grade

concretions are scarce. The thickness on an average is 4 m. and the dip

15°, while the deposit has been opened up to a depth of 50 metres.

In the Biebrich-Bingerbriick district the deposits occur along the

southern slope of the Rhine valley, from Biebrich to Bingen, where

the Rhine reaches and breaks through the Taunus, at the subsidence

there existing. In this situation, though payable in but few places,

deposits are distributed over the entire quartzite ridge. Payable deposits

have been known in the mines Horkopf, Kons. Schlossberg-Dachsbau,

Hollgarten, and Neudorf, of which however only Kons. Schlossberg is now

working. The foot-wall of the deposit consists of quartzite, or sandstone

and conglomerate resulting from the disintegration of the quartzite;

between this and the ore there is occasionally a thickness of clay. The

hanging-wall consists of a boulder clay 10-30 m. thick.

The size and number of deposits vary considerably. The average

thickness is 2-3 metres. At the Kons. Schlossberg Hmonite occurs mth
psilomelane and pyrolusite, while at Horkopf haematite is found. The

deposits appear to be more manganiferous where ridges of quartzite

protrude upwards from the foot-wall into the deposit, or even into the

Tertiary hanging-wall.

The Stromberg-Bingerbriick deposits occur between these two places

on the left bank of the Rhine. Here are found the mines Concordia at

Stromberg, Amalienhohe at Waldalgesheim, Ehsenhohe at Weilerwest,

and the Bingerloch adit.

The geological position is similar to that which has been described

in the previous cases. The deposit at Amalienhohe, which has been explored

for a depth of 115 m., pitches to the south-west and is both wide and

long. While upon the 18 m. level the ore-body had a section 60 x 50 m.,

on the 85 m. level the section increased to 200 x 120 m., though the

quahty had deteriorated. Except for an exposm-e in a prospecting drive

to the south on the 85 m. level, hmestone has not been encountered here.

The deposit contains clay, shale, quartz-breccia, boulders, and sand, and

shows numerous clayey pressure surfaces. Without doubt therefore it has

been accumulated by the mechanical agency of water.

In the Elisenhohe mine the deposit lies on dolomite from whence it

extends to the Tertiary beds above. It pitches to the north, the shape

and content continually altering. At the adit level it had a section of

1600 sq. m. ; on the 20 m. level, 6000 sq. m. ; and on the 60 m. level,

4000 square metres. The ore is similar to that described in the other
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deposits. As mined it contains 20 per cent of manganese, 30 per cent of

iron, and 15 per cent of insoluble residue.

Genetically, all these deposits are connected with zones of disturbance,

and in all probability the first stage in their formation was the replacement

of Stringocephalus limestone by iron- and manganese solutions circulating

through fissures. In the second stage the metaspmatic bodies thus formed

became disintegrated by water and then re-formed as fragmentary deposits

chiefly in the neighbourhood of the original deposit, but also some distance

therefrom.

The disturbances, which are met fairly often in these deposits, are

the result of movement along faults in more recent time. While the age

of the primary deposits is uncertain, the fragmentary deposits are probably

Tertiary.

Einecke and Kdhler estimate the ore available in the present known
deposits of the three districts at 1,500,000 tons.

(6) The Iron-Manganese Occurrence at Lindener Mark near Giessen

This occurrence, the most important of this class in Germany, lies

about half an home's journey from Giessen. It is exploited in several large

opencuts. The ore consists of an irregular bed of Middle Devonian Stringo-

cephalus limestone covered by thick, light red to white clays supposedly

of Tertiary age, and by fluviatile gravels. In but few places does this

hmestone preserve its original character
;

generally it has been altered

to a ferruginous and manganiferous dolomite, w^hile its sm'face has been

so incised by running w^ater that nimierous pot-holes now exist.

In many places the boundary between payable loose ore and the

foot-wall dolomite is not definite, while at other places where a light yellow

dolomite occm'S, there is a sharp separation ; a crust of high-grade manganese

ore, however, usually covers the irregular dolomite surface. Against the

hanging-wall clay also, the outline of the ore-body is not w^ell defined, this

clay descending into irregular, pocket-like holes in the ore. The thickness

varies greatly, reaching sometimes as much as 30 m., though on an average

it is but 8 metres.

The quality of the ore also varies considerably
;

poor clayey masses

of lens- or funnel shape occur in the deposit. The ore consists principally

of loose hmonite, in which patches of pyrolusite, poHanite, wad, and

manganite, occur. The average composition of the ore won is approxi-

mately 20 per cent of iron and 20 per cent of manganese, so that it is a

typical iron-manganese ore. On the market it is known as Fernie ore after

the name of the former owner of the mine.

VOL. II 2 a
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Fig. 384.—Map showing the position of the metasomatic linionite and iron-manganese deposits

of the Taunns and the Soonwald.

Jtringocephalus Impure Manganese- Hanging- wall
Limestone Ore Iron Ore ClouClaj/

Fig. 385.—Transverse section of the mangauese-iron deposits at the Liudener Mark near Giessen.

Beyschlag.
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Genetically, the occurrence in the first place resulted from the meta-

somatic replacement of Stringocephalus hmestone, subsequently to which

and probably in Tertiary time, it became in greater part disintegrated and
finally re-assembled in the present fragmentary deposit.

The economic importance of the above-described occurrences in the

Taunus district, including that at the Lindener Mark, may be gathered

from the following figures. In 1910, ten mines at work produced 278,055

tons of ore, of which the average iron content was 23-5 per cent, the

manganese content being variable. The average value of this ore was
about eight shillings per ton, the whole of it being saleable. It is interest-

ing to compare this figm'e with the total production of iron ore in Germany
dming the same year, which was 22,964,765 tons.



THE COPPER LODES

Copper lodes, in which sulphide copper ores occur almost exclusively,

represent fissure-fillings similar to the lead-zinc-silver lodes. Of the

gangue-minerals, quartz, sometimes accompanied by tourmaline, is the

most frequent. In some cases calcite, at times associated with barite

and fluorite, predominates, while only very exceptionally is this the

case with the two latter minerals. With regard to gangue, a particular

type of lode is represented by those in which, apart from quartz, siderite

is by far the most characteristic mineral, forming as it then does a large

part of the lode-filhng.

Copper lodes frequently contain some galena and sphalerite ; since

however some of the lead-zinc lodes carry some copper in addition to

silver, galena, and sphalerite, such lodes may be taken to represent grada-

tions between these two t\q)es of lode. Beside those lead-zinc lodes

Avherein the copper content may be considerable, there are isolated

districts where such lodes carry copper in particularly large amount.

These constitute the cupriferous facies of the sulphide lead lodes, re-

presentative occurrences of which are found at Himmelfahrt and the

Junge Hohe Birke, etc., near Freiberg ;
^ at Oberschlema and Schneeberg

in the Erzgebirge ; and at Stolberg-Neudorf and Lauterberg in the

Harz. The tetrahedrite lodes at Schwaz and Brixlegg in the Tjrol, and

the silver-copper lodes at Cerro de Pasco in Peru,'^ constitute another

special type.

Again, the gradations on the one side to the gold-silver lodes, and on

the other to the tin lodes, are of great interest. For instance, the gold

lodes at Altenberg in Silesia, to the north of the Bergmannstrost lode, carry

copper to such an extent that prior to the discovery of their considerable

gold content they were regarded as copper lodes. Furthermore, the

copper-bearing tin lodes of Cornwall and the Herberton district, Australia,

have long been famous. In these the occurrence of the copper is dependent

1 Ante, p. 674. 2 Ante, p. 580.
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upon the nature of the country-rock and upon the position relative to

the primary zones, though even among the tin lodes proper others occur

in which copper predominates.

Since however such gradations are only of small economic import-

ance, the copper lodes proper may be regarded as a distinct, well-defined

group of deposits in which a type containing clean copper ore may be

distinguished from one of copper-bearing siderite.

Among the primary ores of this group chalcopyrite is the most im-

portant. This in most cases is accompanied in more or less large amount

by pyrite and sometimes also by pyrrhotite. Only exceptionally, as at

Telemarken in southern Norway, is pyrite completely absent ; at that

place, beside chalcopyrite the lodes carry only bornite or chalcocite.

In the case of the very productive chalcopyrite-quartz lodes at Moonta in

South Austraha, the pyrite content, however, is low.

Chalcopyrite occm-s secondarily in the cementation zone of deposits

in which cupriferous pyrite constitutes the primary ore. In almost every

case where the genesis of the deposit has been definitely determined, bornite

and chalcocite are products of the cementation zone, though this fact

does not exclude the possibihty of both also occurring as primary ores.

In each such case this question must be settled on its own merits. Vogt

in this connection refers to the Aamadal mine in Telemarken,^ where the

surface has suffered extensive erosion from land ice. There the decom-

position zone in consequence of this erosion is only about 1 m. in depth,

below which follows a chalcopyrite-quartz zone which down to a depth

of 150 m. carries neither pyrite nor bornite. Only at very great depth

was bornite, intimately intergrown with chalcopyrite, found in the main

lode, so that a secondary formation of bornite in this case appears to be

excluded.

In many copper lodes the sulph-antimonides and sulph-arsenides are

completely absent, or occur quite subordinately. Cases do however occur

where such minerals are especially characteristic. Economically, the

most important among these ores is the mineral enargite, CU3ASS4, which

at Butte, Montana,—the most important copper lode-district of the present

day—represents not less than some 30 per cent of the minerals present

;

without doubt this occurrence is in greater part secondary. Enargite is

also fomid in the copper lodes at Tmtic in Utah ; at the Morococha Lagoon

in the Peruvian Cordilleras ; in the silver-copper lodes at Cerro de Famatina

in Argentina ; in some of the deposits in Chih ; at Mancayan in the

Philippines ; and at Bor in the east of Serbia. Bergeat and Beck in their

text-books have placed these copper lodes characterized by containing

enargite, in a class by themselves.

1 Poslea, p. 901.
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Tetrahedrite is not uncommon in copper lodes, this mineral in fact

being sometimes the most important of those present, as for instance in

the occurrences at Schwaz and Brixlegg in the Tyrol, where it contains a

little silver and occasionally also a Httle quicksilver. Similar deposits

containing an argentiferous quicksilver-tetrahedrite with 35 per cent of

copper, are found at Mascara and Kresevo in Bosnia ; and with tennantite,

though almost without silver, at Teniente in Chih. The other copper

sulpho-salts are only interesting mineralogically, as are also selenium-

copper, selenium-silver-copper, etc.

The various primary and secondary copper ores, together with their

characteristics, have aheady been described when dealing with the ores

of the different metals.^

The world's copper production in 1909, which was approximately

840,000 tons, was contributed to by the different ores as follows

:

Native copper, from Michigan, United States, about 101,000 tons
;

Corocoro, Bolivia, about 2000 tons ; or, including a small amomit from

other mines, in all about 12 per cent of the total production.

Carbonate-oxide ores are estimated to have yielded 150,000 tons, or

15-20 per cent.

Enargite alone is responsible for about three-tenths of the Butte

production, or 40,000 tons ; or, including some other deposits, in all about

5 per cent.

Tetrahedrite and other sulpho-salts are estimated to have produced

at most 1-2 per cent.

Chalcopyrite, bornite, and chalcocite yielded together about 60-65

per cent. It may in fact be assumed with a fair amomit of certainty

that about one-half the copper produced comes from chalcopyrite and

cupriferous pyrite.

Stibnite, arsenopyrite, and silver minerals, are found in most copper

lodes in' much the same subordinate amoimt as galena and sphalerite.

The matte obtained upon smelting, apart from a few miimportant occur-

rences, usually therefore contains small amounts of lead, zinc, antimony,

arsenic, etc.

Some silver also is invariably present. Even where silver minerals

themselves are completely absent, furnace copper seldom contains less

than 0-025 per cent of silver as well as a small amount of gold. This low

precious-metal content is derived in greater part from the sulphide copper

ores, chalcop}a-ite, bornite, and chalcocite. The gold, together with a

small portion of the silver, comes perhaps from pyrite. The silver content

frequently reaches 0-1 per cent or more, the Bessemer copper from the

Butte district—which is subsequently refined by electrolysis—containing

1 Ante, pp. 89-92, 198-201.



THE COPPER LODES 873

for instance an average of 0-23-O-24 per cent, in addition to 0-0008 per cent

of gold. TMs relatively large amount is however an exception. Similarly,

copper matte almost invariably contains some nickel and cobalt, though in

100 parts of copper there are as a rule only about 0-2 parts of nickel-

cobalt.

Lea\dng iron out of consideration, the metals in the copper lodes are

found in approximately the same relative quantities as in the intrusive

pyrite deposits.^ In this connection it is particularly noteworthy that both

types of deposit exhibit almost the same proportions of copper to silver

and of copper to nickel-cobalt.

Apart from the association of copper with tin in Cornwall and in the

Herberton district, tin is almost completely absent from copper lodes.

Exceptionally, it is fomid in the lodes at Katharinaberg, south of Sayda

in the Bohemian-Erzgebirge, not far from the tin lodes of that district

;

and at Boccheggiano in Tuscany.^

Of the gangue-minerals, quartz generally predominates in most copper

lodes. It is frequently accompanied by some calcite, while barite and

fluorite are absent or occur subordinately.

The presence of tourmahne—probably connected with a tourmaliniza-

tion of the country-rock— remarked by A. von Groddeck, 1887, and

A. W. Stelzner, 1897, in connection with some copper lodes in Chili, is

important. This mineral has also been found at Svartdal in Telemarken,

Norway ; at Copper Mountain in British Columbia ;
^ in the Blue Momitains ;

*

at Sonora, Mexico ;
^ in the Knisib Valley, German South-West Africa ;

^

and in some small lodes at Monte Mulatto near Predazzo in the southern

Tyrol.' In some of these lodes molybdenite, scheelite, and woKramite,

also occur, while cassiterite is absent ; in others the gold content is

so considerable that such lodes may be taken to represent gradations

to the tom-maline-bearing gold lodes.

It would appear that a fair number of these tourmaline-bearing

quartz-copper lodes occur in association with acid or intermediate eruptive

rocks, such as granite, cjuartz-monzonite, quartz -diorite, etc. They

therefore in many respects resemble the tin lodes associated with granite,

and especially the tin-copper lodes of Cornwall, from which however they

are distinguished by the complete absence of cassiterite. Several of

J Ante, pp. 163, 302. 2 Postea, p. 911.

3 Catherinet, Eng. Min. Journ., 1905, Vol. LXXIX. p. 125-127.

* W. Lindgren, XXII. Anyi. Rep. U.S. Geol. Survey, 1900-1901, II. p. 629.

5 W. H. Weed, Trans. Amer. Ins. Min. Eng. XXXII., 1902.
6 R. Scheibe, Zeit. d. d. geol. Ges., 1888, Vol. XL. p. 200.

' A. Hofmann, Sitzungsber. d. bohm. Ges. d. Wiss., Prague, 1903 ; O. Stutzer, ' Uber
turmalinfiihrende Kobalterzgange von Mina Blanca in Chili,' Zeit. f. prakt. Geol., 1906,

p. 294 ; and K. A. Redlich, ' Turmalin auf Erz]agerstatten ' in Tschermak's Min. Petr.

Mitt. XXII., 1903.
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the quartz-copper lodes of Telemarken, occurring in granite, carry

potash-mica along the walls, this occmrence being similar to that

of zinnwaldite in some tin lodes.^ These lodes contain in addition some

fluorite, while the granite immediately along the lode fissm:e is altered to

a greisen-like rock.^

For these reasons, therefore, Vogt ^ described such copper lodes as

' tin lodes with copper in the place of tin.' This analogy to tin lodes

however is, eyen ^\^th lodes in granite, only observable in exceptional

cases, it being actually the case that the most important copper lodes in

granite—such as those at Butte where the granite or quartz-monzonite

contains 64 per cent SiOa—display no traces of a greisen formation.

The crusted structure so frequently met in other lodes is seldom

found in copper lodes. In many cases the structure has been rendered

complex by the repeated opening of the lode fissiue and the consequent

re-entry of mineral solutions.

The Relation of Copper Lodes to Eruptive Rocks

A differentiation is made between :

(rt) The tin-copper lodes of the Cornwall type, genetically associated

with granite.*

(6) The quartz-copper lodes characterized by tourmaline and the

formation of greisen, and occurring partly within and partly in the im-

mediate neighbourhood of acid or intermediate eruptive rocks, with which,

as wiU be indicated in the description of the occurrences in Chili and

Telemarken, they are likewise genetically associated.

(c) The quartz-copper lodes not characterized by the presence of

tourmaline, yet occurring in principally acid or moderately acid eruptives.

To these among others belong the lodes of Butte, Montana, occurring in

quartz-monzonite ; many lodes iti Chili, principally in acid and inter-

mediate rocks ; those of Ashio, in hparite, and a large nmnber of other

Japanese copper lodes, in acid or intermediate rocks ; the deposits of

Moonta in South AustraUa, in quartz-porphyry ; and the occurrences in

Shasta County north of Redding in Cahfornia, in presumably Triassic

alaskite-porphyry.^ In addition to these more important occurrences the

following copper lodes occurring in principally acid or moderately acid

eruptive areas are worthy of mention : those in the Robinson District,

1 Ante, Fig. 263. 2 Ante, Figs. 145, 263.

3 Loc. cit.^lSSl. 4 Ante, pp. 431-436.
5 Ries, Econ. Geol of U.S., 1910, p. 419 ; Diller, U.S. Geol. Surv., Bull. 213, 1903, and

225, 1904.
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Nevada, in a moderately acid porpliyry ;
^ lodes and impregnations in

granite, Llano Comity, Texas ;
^ am:iferous copper lodes in gneiss-granite

and quartz-porphyry, Gilpin County, Colorado ;
^ manj' copper lodes in

the neighbom'hood of Sherbrooke in Quebec, in the vicinity of schistose

porphyritic andesite ;
* and those at Tilt Cove, Newfoundland, in a mica-

and quartz-bearing propylitized porphyrite.^

Similar occurrences in Mexico have been described by J. G. Aguilera,^

who emphasizes the fact that these occur mostly in Tertiary rocks, partly

acid, such as granite and rhyolite, and partly intermediate, such as

quartz-diorite, andesite, etc. ; but not in basic eruptives.

Similar quartz lodes containing chalcopyrite, pyrite, etc., occur at

Cobre on the island of Cuba, in volcanic breccias and lavas ; on the island

of Haiti, in diorite dykes and in the contact aureole of such dykes and

others of andesite, and in melaphyre.'

Among the copper deposits in New South Wales, according to J. E.

Carne,^ five occur in granite, five in porphyry, nine in andesite, and

seven in and near serpentine. Most of the occurrences however, and

among them the important one at Cobar, occur in slate belonging chiefly

to the Silurian.

Quartz lodes with bornite, chalcopyrite, tetrahedrite, etc., occurring

in granite penetrated by dykes of olivine-diabase, are found at the Albert

Silver mine, 50 miles north-east of Pretoria in the Transvaal.^ Similar

lodes are known in quartz-porphyry at Tschudack in the Altai ;
^^ and

in diabase at the Siinik mines at Katar in Trans-Caucasia. ^^ The

analogous occurrence at Kedabek is described a little further on.

Copper lodes, containing among other minerals enargite and covellite,

occur at several places near Bor in eastern Serbia, and are associated

with kaolinized or propylitized andesite. ^^ Those at Imsbach in the

Rhenish Palatinate occur in quartz-porphyry and melaphyre.^^

Many other copper lodes so situated might be enumerated.

(d) The contact copper deposits of which, as already mentioned, ^^

^ A. C. Lawson, 'The Copper Deposits of the Robinson Mining District, Nevada,'
University of California, Bull, of Geol., 1906, Vol. IV. No. 14.

2 J. F. Kemp, Ore Deposits of U.S., 1900, p. 204.
3 Ibid. p. 203.

* J. A. Dresser, ' Copper Deposits of the Eastern Townships of Canada,' Econ. Geol. I.,

1906, pp. 445-453.
* Bergeat, loc. cit. p. 823.
« Trans. Am. Inst. Min. Eng., 1902, XXXII. pp. 510-512.
' H. H. Thomas and D. A. MacAlister, Geologij of Ore Deposits, 1909, p. 168.

^ The Copper-Mining Industry of New South Wales, Sydney, 1899.
" F. W. Voit, Zeit. f. prakt. Geol, 1908, p. 137.
10 B. V. Cotta, Berg- u. Hilttenm. Zeit., 1870, XXIX. No. 7, p. 29.
11 K. Ermisch, Zeit. f. jmikt. Geol, 1902, p. 88.
12 F. Cornu and M. Lazarevic, ZeiL f. prakt. Geol, 1908, p. 153.
13 O. Krauth, see Beck, 1909, p. 334. " Aitte, pp. 354, 396-398.
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there are a large iimnber, among them being many of great economic

importance.

Within one and the same district, true contact occurrences con-

taining copper with garnet, augite, scapolite, wollastonite, etc., are very

frequently associated with ordinary copper lodes. Examples of such

combined contact- and lode occurrences have been recorded at Bmgham
Canon in Utah ; in the Chfton-Morenci district, Arizona ; ^ at Cananea

in Mexico near the boundary with Arizona ;
^ and at Concepcion del Oro

in Zacatecas, Mexico. All these occurrences are of considerable import-

ance, and in all of them both types of deposit appear to be intimately

associated with each other. Moreover, according to Bergeat, Boutwell,

Emmons, Lindgren, Weed, and others, both were formed during the

waning phases of eruptive activity, though according to Boutwell the lodes

at Bingham may be somewhat younger than the contact occm-rences,

which, according to Emmons, is also the case at Cananea.

The native-copper deposits associated with basic volcanic flows, occur-

ring at Lake Superior, are treated in a special chapter."^

(e) Finally, many admittedly mostly small occurrences of sulphide

copper ores, with a frequently high metal content, in serpentine and its

associated eruptive rocks.

To these belong the deposits at Monte Catini in Tuscany and Liguria;*

that at Riparbella in Tuscany, described by R. Delkeskamp ;
^ the

deposits at Rebel] and Wis in serpentine, in north-west Serbia ;
^ and

those at Kemenica in Bosnia, also in serpentine.' Delkeskamp mentions

in addition some apparently similar occurrences, as for instance the

well-known deposit at Arghana Maden in Asia Minor, and several in the

north of Corsica. To this class also belongs the small pocket-hke deposit

of bornite and chalcopyrite in serpentine, at Hatfjeldalen in Norway.

A numerical statement of the various types of copper deposit shows

that by far the greater number of these occur in association with eruptive

rocks, and that bed-hke occurrences, such as the copper-shale in the

Zechstein of Germany, the pyrite bed at Rammelsberg near Goslar, and

the Permian copper-sandstone, are exceptions.

The copper lodes proper and those connected with contact -meta-

morphic occurrences—these two types together yielding considerably

more than one-half of the total copper production—upon examination show

themselves in the majority of cases to be associated with eruptive rocks

or eruptive periods. The magmatic-intrusive pyrite deposits ^ are con-

1 AtUe, p. 396. a Ante, p. .398.

3 Postea, p. 928. * Ante, pp. 300-301. ^ Zeit. f. prakt. Geol, 1907.
6 R. Beck and W. v. Fircks, Zeit. f. prakt. Geol, 1901.
' Fr. Katzer, Leobener Berg- u. Huttenm. Jahrb., 1905, Vol. LIU. Part 3.

* Ajite, pp. 301-337.



THE COPPER LODES 877

nected with basic plutonic rocks. The well-known occurrences in the

Lake Superior district are foimd in close association with basic volcanic

rocks, though with these the coutrolhng chemical-geological processes were

entirely different.

From the natiu:e o£ the last-mentioned occm-rences many investigators

came to the conclusion that the copper lodes also were genetically connected

principally with basic eruptives. This conclusion is indeed true in

the case of the afore-mentioned unimportant occurrence in serpentine at

Monte Catini, and a number of unimportant lodes scattered all over

the world in gabbro-diorite, diabase, etc. The greater number of copper

deposits occm-ring within or in the immediate neighboiu-hood of eruptive

rocks—and among them the most important economic deposits—are

however closely connected with acid and intermediate eruptives, such

as granite, quartz-monzonite, grano-diorite or quartz-diorite, quartz-

porphyry, hparite, andesite, etc. Such is the case at Butte, Bingham,

Chfton-Morenci, Bisbee, Cananea, Chih, Japan, Moonta, etc.

According to Moricke, in Chih it is principally the quartz and quartz-

tourmaline-copper lodes which are associated with acid or intermediate

eruptive rocks, while the lodes carrying a preponderating amoimt of calcite

and some barite are usually connected with more basic rocks. It cannot

however yet be said that this holds good in general.

The geological significance of the bedded copper lodes appears particu-

larly difficult to determine, suice these are related to the intrusive and

other pyrite deposits, not only morphologically but often also by their

high content of pyrite and pyrrhotite. The occurrence at Ducktown in

Tennessee, for instance, is regarded by American authorities as a fissure

vein connected with replacement. Vogt, however, from descriptions

considers that this occurrence is probably an intrusive magmatic deposit.

According to this authority also, the large pyrite deposits at Mount Lyell

in Tasmania may be similarly regarded.

It would appear likely therefore that many occurrences formerly

regarded as formed by heated waters belong to the intrusive deposits.

Doubtless however there are bedded copper lodes which have been formed

by heated waters, and which must be reckoned with the lodes.

The Age of Copper Lodes

Many copper lodes, being associated with the extensive Tertiary

eruptive or at times late Cretaceous eruptive activity, are comparatively

young. Among these are the following :

Butte in Montana : Tertiary, probably early Tertiary ;

Bingham in Utah : late Mesozoic or early Tertiary

;
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Clifton-Morenci, Bisbee, and others in Arizona, Cananea in Mexico

near the boundary with Arizona : late Cretaceous or early Tertiary, these

deposits being combined contact- and lode occurrences.

Several other important lodes in Mexico ; most of the occurrences

in Chili ; and most of the lodes in Japan, these latter occurring in

Tertiary liparite, andesite, etc. The Japanese pyrite deposits, on the

other hand, as for instance those occurring at Besshi, etc., are probably

of greater age.

Massa Marittima, etc., in Tuscany : Tertiary, namely, Eocene to

perhaps Upper Miocene.

Kedabek in the Caucasus : possibly Tertiary,

Bor in Serbia, Cobre on the island of Cuba, Boleo in Mexico, etc., are

also young.

Of the world's copper production, which in 1909 amomited to 840.000

tons, at least 400,000 tons, or about one-half, came from Tertiary and late

Cretaceous deposits. The yomig eruptive epochs are therefore exceedingly

important not only for silver, gold, and quicksilver, as has already been

demonstrated, but also for copper.

A large number of lodes, such as those in Cornwall, the Urals, Mitter-

berg, Telemarken, etc., are on the other hand of considerably greater age.

Concerning the non-lode-like copper deposits, the intrusive pyrite deposits

are mostly exclusively Palaeozoic ; the Lake Superior deposits, Cambrian-

Algonkian ; and the German copper-shale, Permian, etc., that is to say,

they are of greater geological age.

The Classification of Copper Lodes

Both Beck and Bergeat in their text-books, conforming to the views

of the Freiberg school, classify the copper lodes according to the

characteristic ore- and gangue-minerals. Both these authorities place the

native-copper deposits of Lake Superior among the copper lodes. These

deposits however differ so much both mineralogically and geologically

from ordinary lodes that in this w'ork they are treated as an independent

class. In this work also, the controllmg factor in the classification of

copper lodes has not been the mineral-association in any particular deposit,

but rather the sum of the general characteristics of that deposit.

Following this idea—though in many cases detailed description is

lacking—the following classification, admittedly capable of improvement

in many respects, may be formulated :

(1) Copper-tin lodes, regarded geologically as a facies of the tin lodes,

associated with granite, e.g. lodes in Cornw^all ; at Herberton in Queensland

;

and others long exhausted in the Erzgebirge, Saxony.
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(2) Quartz-copper lodes containing tourmaline, in part also containing

other minerals characteristic of tin lodes, associated with granite and

other acid and intermediate eruptive rocks, e.g. Telemarken, Norway.

(3) Quartz-copper lodes without tourmaline but often containing

some calcite, etc. :

(a) within, or in contact with principally acid or intermediate eruptive

rocks, e.g. Butte, Montana ; Moonta, South Australia ; Japan, etc. ; more
rarely in basic eruptives

;

(6) in slates, without any apparent association with eruptive rocks.

(4) Copper lodes within, or in contact with principally acid or inter-

mediate eruptive rocks and in association with contact-deposits, e.g.

Telemarken, Norway.

(5) Copper lodes in association with metasomatic deposits, the latter

principally in limestones, e.g. Massa Marittima in Tuscany, Otavi.

(6) Copper lodes with preponderating carbonates, including calcite,

dolomite, siderite, and some quartz, barite, etc. :

(a) in basic eruptive rocks, e.g. many occurrences in Chih
;

(6) in slates, sometimes chiefly with siderite, e.g. occurrences in

Siegerland.

(7) Copper lodes, masses, pockets, etc., in serpentine rocks ; so far,

economically speaking, not particularly important, e.g. Monte Catini,

Tuscany.

(8) Bedded lodes in crystalhne schists, e.g. Mitterberg in Salzburg,

Aamdal in Norway.

The present-day economically most important copper lodes belong

more particularly to classes 2, 3a, and 4.

The Genesis of Copper Lodes

The alteration of the country-rock along the lode fissure, as descrip-

tions of occurrences in Telemarken, Chih, at Butte and Massa Marittima,

indicate, may in different districts take very various form. This alteration

is due to hydrothermal processes and is dependent chiefly upon the com-

position of the circulating solution.

The hydrothermal character of the lodes is expressed beyond question

in the mineral-association and the alteration of the comitry-rock. In the

case of many copper lodes associated with eruptive rocks—in Cornwall,

Telemarken, at Butte, Clifton-Morenci, Bisbee, Cananea, etc., for instance

—it may be proved that their formation took place diu-ing the last stages

of the eruption. From similar considerations to those put forward

when discussing the tin lodes ^ and the yomig gold-silver lodes,^ the

1 Ante, pp. 418-423. 2 ji^t^^ p. 534.
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conclusion may be drawn also for copper lodes associated with eruptive

epochs, that the ore was derived from the particular magma.

With lodes occurring in slate and having no apparent connection with

eruptive epochs the source of the metal is indeterminate. Most of these

lodes however were probably formed similarly to those at Butte, Chfton-

Morenci, etc., though any generahzation to that effect should be guarded

against.

With regard to the formation of the copper deposits associated with

serpentine, such as those at Monte Catini, Rebel] in Serbia, etc., geologists

still hold very varied opinions. Lotti considers the deposit at Monte

Catini and similar deposits in Tuscany and Liguria to be the products of

magmatic differentiation,^ while Beck and v. Fircks, Katzer, Delkeskamp,

and others, on the other hand, consider them to be of secondary formation.

In this connection Beck and v. Fircks ^ express themselves as follow^s :

' The copper belongs primarily to the serpentinized eruptive rocks. It

however probably no longer exists in its original condition, the ore-bodies

now found being the results of concentration which took place during

the complete chemical alteration of the original olivine rock.'

Primary and Secondary Depth-Zones in Copper Deposits

As previouslv mentioned, secondary alterations of sulphide copper

deposits of every genesis take various form in different districts.^ In some

districts, as for instance Butte in Montana and Huelva in Spain, the

copper content at the outcrop has been practically completely removed.^

In other districts such as Burra-Bm-ra, Moonta, and Wallaroo, m South

Australia ; Bisbee and Clifton-Morenci in Arizona ; at many places

in Chili, at Mednorudiansk in the Urals, and at Katanga in the Congo

district, on the other hand, particularly large quantities of secondary

copper ores are found at the outcrop, close to the surface. At Burra-Biu-ra,

for instance, astonishingly rich carbonate and oxide ores were found near

the surface, though in depth no payable sulphide ores existed.

The complete removal of the copper from the oxidation zone is con-

nected on the one hand midoubtedly with the occurrence of much pyrite,

which upon weathering yields the necessary acid, and on the other with the

absence of carbonates to neutralize this acid. Sulphuric acid becomes

formed as the final product of the oxidation of FeSg, the reactions being

as follows :

FeSg + H2O + 0. = FeSO^ + H2SO4,

2FeS2 + H2O + 6i5 = Fe2(S04)3 + H2SO4.

1 Ante, p. 301. ^ Zeit. /. prakt. Geol, 1901, p. 322.

3 Ante, p. 216. * Ante, p. 321 ; postea, p. 886.
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Chalcopyrite, bornite, and chalcocite, by oxidation are in part altered

directly to sulphates, and in part dissolved by the ferric sulphate formed

at the decomposition of the pyrite, thus :

CuaS + 2¥e.,{^0^% = 2CUSO4 + iFeSO^ + S,

CugS + 5Fe2(S04)3 + dH/J = 2CUSO4 + lOFeSO^ + iR^^O^.

In the process of this oxidation ferric oxide or hydi-ate are formed
either directly or indirectly, to an extent dependent upon the amount of

iron sulphide present.

Chalcopyrite ^ by itself does not upon complete oxidation yield suffi-

cient sulphuric acid to form CuSO^ and Fe2(S04)3, this being also the case

with bornite and chalcocite. Generally speaking, therefore, complete

removal of the copper content is not fomid where sulphide copper ores

occur without, or with only a small admixture of pyrite and pyrrhotite. The
occm-rence of limestone at the outcrop—as for instance with many contact-

deposits and with some lodes—or of calcite or other carbonates in the

gangue, would neutralize the acid formed and the carbonate and oxide of

copper, etc., would be precipitated, thus :

2CUSO4 + 2CaC03 + H2O = CuC03.Cu(OH)2 + 2CaS04 + CO2.

The most widely distributed of the secondary minerals is malachite,

with which mineral, azurite, cuprite, native copper, chrysocolla, atacamite,

chalcanthite, brochantite, teiiorite, some phosphates, arsenates, etc., are

fomid associated.

The conditions under which native copper is formed have alreadv been

discussed.^ The subject is however again taken up a httle later when
describing the Lake Superior deposits.^

Atacamite, CuCl2.3Cu(OH)2, is fomid in large quantities in the oxida-

tion zone not only in Atacama in Chih, where it occurs to a depth of some
100 m., but also in South Australia. Chalcanthite and brochantite have
also been encountered in large amount in Chih, in such places as have a

low rainfall.

In addition to copper deposits associated with hmestone or calcite,

oxidation ores also occur to a large extent where lime could not have had a

neutralizing effect, as for instance in friable sandstones and slates, when
originally sulphide copper ores were associated with relatively little iron

sulphide. In such cases the friable nature of the country-rock and a dry
climate appear to have been the principal factors.

The reason that in some districts free from lime the cojjper content

has been practically completely removed, while in others likewise free the

1 Cu : Fe : 2S. 2 jintg, pp. 139-140. 3 Postea, p. 928.
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copper content has been collected to form rich oxidation ores, has not yet

been satisfactorily determined.

In the case of large occm^ences and where rapid erosion has not

taken place, oxidation ores reach to a depth of 10-100 m. ; in Arizona

even to 200 metres. As already pointed out,^ their extent is dependent

principally upon the position of the gromid-water level, but also upon

other factors. In many districts, immediately under the oxidation zone

a very rich cementation zone is met, the copper content of which was

derived from descending solutions, according to reactions expressed in

the following equations :

CuSO^ + 2FeS = CuFeSg + FeSO^,

CUSO4 + 2FeS2 + 40 = CuFeSa + FeSO^ + 2SO2,

CUSO4 + CuFeSg = 2CuS + FeSO^,

CUSO4 + 2CuFeS2 + 02 = CugFeSg + FeS04 + SOg,

2CUSO4 + CuFeSa + SO2 + 2H2O = CugS + CuS + FeSO^ + 2H2SO4,

1 ICUSO4 + SCuFeSa + 8H2O = SCu^S + SFeSO^ + 8H2SO4.

The demarcation between the oxidation and cementation zones is

often strikingly sharp, as for instance at Huelva,^ Butte, and Ducktown.^

At Butte, the rich cementation zone extends to a depth of some hundred

metres below the oxidation zone, while in other deposits, as for instance at

Ducktown, its extent is limited to a few metres.

In consequence of the discontinuance of cementation ores in depth,

many mines working lodes containing sulphide copper ores have become

considerably poorer in depth. Such variations in content, before the

secondary depth-zones became appreciated, were regarded as primary

depth-zones.

The deepest copper lode-mines yet known are those at Butte and

Moonta in South Austraha with depths of about 900 m. and 800 m. respec-

tively ; and some in Chili 600-800 metres deep. In the case of the two

first-mentioned the copper content in depth has considerably decreased,

though to what extent this must be attributed to the cessation of cementa-

tion ores cannot be gathered from existing descriptions of the occurrences.

In Cornwall,* a primary depth-zone occurs, in so far that copper ores

in depth are replaced by cassiterite. In the silver-copper lodes at Cerro

de Pasco in Peru, the silver content duninishes in depth while that of the

copper increases.^

The copper lodes at Dobschau in Hungary are also remarkable, in that

beneath a siderite zone, chalcopyrite, and tetrahedrite occur, and beneath

this again another primary zone containing cobalt and nickel.^

1 Ante, p. 213. ^ ^„^g^ pp, jq, 321. =* Postea, p. 889.

* Ante, p. 434. * Ante, p. 580. « Ante, p. 807 ; postea, p. 903.
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The distribution of the copper upon the lode plane in the primary

zone though still very variable is not nearly so irregular as is the ease with

gold- and silver lodes. Rich ore-shoots nevertheless occur, the tendency

being for them to be found at lode intersections.

Economically, these lodes represent the most important of all the differ-

ent classes of copper deposit ; as will be indicated later, they are responsible

for approximately one-half of the world's copper production. From 100

tons of ore, usually 1-1-5 tons, occasionally 2 tons, and exceptionally a

somewhat larger number of tons of metalhc copper, are obtained.

The most productive lode district of the present day is that at Butte,

Montana.

The District of Butte, Montana
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The town of Butte in south-west Montana is situated in 46° north

latitude, in the central portion of the Rocky Momitams, at a height

of 1800 m. above sea-level. The comparatively small mining district

to which it gives its name occurs within a large Tertiary eruptive area,

about 70 miles long and 40 miles wide.^

The most important lodes are fomid in a relatively basic granite,

containing only 64 per cent SiOg and rich in hornblende and mica, known
as Butte Granite, but which is more correctly a quartz-monzonite.

In this granite, intrusions of granite-aphte under the name of Bluebird

Granite containing 77 per cent SiOa, and of quartz-porphyry mider the

name of Medoc Porphyry with 70 per cent SiOg, occur as later differentiated

products ; while, as the last eruptive in the sequence and, in all probability

of Neozoic age, follows rhyolite with 74 per cent SiOg, partly in the form

of dykes and partly as flows. The disposition of these rocks is indicated

in Fig. 386. The rhyohte constitutes the Big Butte momitain which

^ Many analyses of eruptive rocks from this area are published in F. W. Clarke, Analyses

of Rocks, from the Laboratory of the U.S. Geol. Sun:, Bull. Xo. 228, 1904, pp. 132-134.—W. H.
Weed, Journ. Geol. VII. p. 737.
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rises 250 m. above the valley-level, and gives its name to town and

district.

The granite is in all probabihty of early Tertiary age.

The lodes, which are invariably steep, belong to three systems :

(a) The oldest and economically most important are the east-west

lodes, in which a repeated re-opening of the lode fissure may frequently be

L ^
Butte
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According to the nature of tlie filling, in addition to copper lodes

silver lodes may also be differentiated, these being however of httle economic

importance. All these quite rich copper lodes, with some minor exceptions,

are fomid in a small area, 3 km. long and 1-5-2 km. wide, or about 5 sq. km.

in extent. The silver lodes, now no longer worked, occur to the north,

west, and south-west of this area. They contam sulphide silver ores

such as argentite, proustite, pyrargyrite, tetrahedrite, stephanite, etc.,

with some native silver, sphalerite, pyrite, and galena ; but in genera]

and except a few in the immediate neighbom'hood of the copper district,

they contain practically no copper.

The gangue-minerals in the silver lodes are quartz, rhodochrosite,

rhodonite, and hiibnerite, MnWoO^. In this connection it is interesting

to recall the fact that rhodochrosite in many silver lodes, and rhodonite in

several of the Hmigarian gold-silver deposits, play important parts. In

addition, the silver lodes, unhke those of copper, exhibit a pronomiced

crusted structure and vuggy character.

The principal gangue-mineral with the copper lodes is quartz ; calcite

and barite occur seldom, while fluorite is practically absent. The separa-

tion from the highly decomposed granite is in general not sharp, the

solutions circulating in the lode fissure having in part metasomatically

replaced the country-rock, such lodes being spoken of by American authors

as ' replacement veins.' On either side, the granite is traversed by numerous
veins so that the average payable width is 15 m., while in the case of the

Anaconda lode it may even reach 30-40 metres. The length along the

strike is hkewise considerable, frequently reaching one or more kilometres.

The metalliferous material of the copper lodes consists on an average

of about 60 per cent of chalcocite, 30 per cent enargite, 8 per cent bornite,

and 2 per cent chalcopyrite, covellite, and tetrahedrite
;
pyrite also occurs

in the primary ore.

The occm-rence of fresh midecomposed granite, though met in the

central portion of the district, is very uncommon, from which fact an

intense thermal activity must be presumed.

The formation of the lodes took place after the consoHdation of the

granite, aplite, and quartz-porphyry, but before the eruption of the

rhyolite. Their formation belongs therefore to one of the last phases of

the eruption, and one of intense tectonic movement. Weed in 1903 came
therefore to the conclusion that the lode material was derived from the

original magma.
Economically as well as scientifically the secondary depth -zones

in this district, represented by extensive oxidation and cementation zones,

are of great importance.

The gradual development of copper mining hi this district may be
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gathered from the following brief description : In the 'sixties some alluvial

gold was won from the neighbom'hood of Butte. Then silver mining in the

oxidation zone of silver-quartz lodes characterized by large quantities

of manganese oxide, w^as carried on fairly extensively, until the middle of

the 'nineties when the price of silver fell. Some of the copper lodes also

were originally worked near the surface exclusively for silver, the small

amount of silver contained in the primary ore having remained in the

oxidation zone, while the copper had been carried ahnost completely to

the deeper cementation zone. In such cases a very small amomit of

native copper occurring now and then was the only indication of the

true character of these deposits, copper carbonates being completely

absent.^

Generally speaking, in this district oxidized copper ores are rare,

though from one place in the oxidation zone of the Bullwhacker mine about

25,000 tons of sihcate ore, chrysocoUa, were obtained. In general the

oxidation zone, reaching to a maximum depth of 100 m., is so completely

leached of its copper content that in the early days it was impossible to

conclude that rich copper ores existed in depth. Upon further sinking

however, at the beginning of the 'eighties, rich cementation ores, constitut-

ing what was termed the sulphide enrichment, were found, the separation of

these from the oxidation ores being so strikingly sharp that the passage

from one to the other occupied at the most not more than a few feet.

From that time production increased very rapidly. In the autumn of

1910 the deepest mine had reached 2900 feet, while the deepest drives of

the more important mines are now on an average about 2000 feet. The

ore-bodies in depth consist principally of quartz and of pyrite with a low

copper content. According to micrometallographic studies by Simpson,^ the

pyrite contains mechanically admixed mthin itself, chalcopyrite, enargite,

bornite, and chalcocite, this sequence representing the order of their age.

The composition of the primary mineralization has not yet been

definitely settled. It is fairly certain however that the principal

minerals, chalcocite, enargite, bornite, and covelhte, are secondary. These

minerals form crusts upon, and veins in the pyrite, which latter mineral

in many places they have completely replaced. Since copper carbonates

are entirely absent the conclusion has been drawn that the descenduig

solutions were acid, and not alkahne.

The east-west lodes are characterized by extensive enrichment zones

of more than 1 km. in length, while the youngest fault fissiu'es are

in part filled with large quantities of crushed clayey material, whereby

the mineralization is limited to ore-shoots or bonanzas of very rich ore.

Sales,' in explanation of this, considers that the descending cupriferous

1 Ante, p. 882 « Loc. cit., 1908. » Loc. cit., 1908.
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solutions, owing to this impervious clayey material, Avere only able to use

certain channels. According to more recent investigation, chalcocite and

enargite, which minerals in general diminish in depth, are to some

extent also primary ; of the two, chalcocite being found deposited upon

enargite, is the younger.

In this district the ore has become poorer in depth ; the average

copper content of the smelting ore from the first thousand feet below the

oxidation zone was 8-10 per cent, while in the second thousand feet it

was not more than 6 per cent. It is however a question whether in depth,

owing to continued improvements in mining and smelting, ore of such

low content as formerly to be considered mipayable, has not latterly been

worked at a profit.

The boundary between the sulphide enrichment zone and the primary

ore is still but little known. According to Sales, the structural geologist

of Butte, the cementation zone extends at most 1000 feet below the

oxidation zone.

The development of copper mining at Butte is best shown by the

following table by Merton, in which the Lake mines and those of Arizona

are compared.

Copper Peoductioj^ in Long Tons
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into consideration it is evident tliat Butte represents the most gigantic

copper enrichment hitherto known in any circmnscribed district.

The metalhc copper produced contains on an average 0'23-0-24 per

cent of silver and 0-0008 per cent of gold/ while in addition the Bessemer

copper contains 0-008 per cent of tellurium. The ore is smelted for the

production of matte, this being then refined by the Bessemer and electro-

lytic processes. The most important works are those of Anaconda, Parrot,

Boston, the Butte Reduction Works, and the Montana Ore Producing

Company.

In Arizona, which state surpasses Montana in its copper production,

the three principal districts, Bisbee, including the famous Copper Queen

mine, Clifton-Morenci, and Globe,^ situated not far from the Mexican

border, are all to be regarded as exhibiting a combination of contact-

deposits and lodes. At Clifton-Morenci, in the neighbourhood of an

occurrence of quartz- monzonite porphyry,^ there are, in addition to

contact-deposits characterized by contact minerals, a number of copper

lodes, these being responsible for a considerable portion of the production.

Similar circmnstances attend the occurrences in the other two districts.

Hitherto, in all three districts operations have been carried on chiefly in the

oxidation zone.

In the Jerome or Black Range copper district, likewise in Arizona, and

at Mineral Creek, the geological position of the deposits appears to be

somewhat different.

The most important copper-producing region of the United States,

apart from Arizona, Montana, and Michigan, is Bingham Canon in Utah,

30 km. south-west of Salt Lake City. At that place, as at Chfton-Morenci,

contact-metasomatic deposits occur in Hmestone in the neighbourhood of

late Mesozoic or early Tertiary monzonite, on the one hand, and lodes accom-

panied by impregnation zones in monzonite, on the other. The monzonite

first effected the contact-metamorphism of the hmestone and its replace-

ment by copper sulphides, and then, when the upper portion of the

eruptive rock had become in part consohdated, north-west fissures

were formed which became filled with hot aqueous solutions probably

derived from the deeper and still molten monzonite magma. These

solutions altered not only the hmestone but also the monzonite, enriching

them both with copper, silver, gold, and some molybdenite."^

The copper production of the United States in 1908 was distributed

among the various states as follows :

1 Ante, pp. 16.3, 165, 87.3. 2 Ante, pp. 396 398. » Ante, Fig. 252.

* Bouthwell, Keith, and Emmons. U.S. Geol. Surv., Prof. Pap. 38, 1905 ; H. Ries,

Econ. Geol, 1910.
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States, operations having been carried on since 1850, when the rich cementa-

tion zone was first exploited. Subsequently pyrite was mined, this in

1908 containing on an average 1-55 per cent of copper, as well as some silver

and gold. The sulphuric acid obtained from the pyrite is used in the

development of the phosphate deposits occurring m the neighbourhood.^

Mexico

The copper production of this country from 1880 to 1911 may be

gathered from the foUowins; figures :

1
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chalcopyrite and sphalerite, pyrite, etc., are foimd. In addition, a number
of likewise very productive quartz lodes containing chalcopyrite, pyrite,

sphalerite, etc., occur, principally along fault fissures. Geologically there-

fore, Cananea is fairly closely related to the not far distant occurrences of

Bisbee and Chfton-Morenci.

According to Emmons, mineralization was effected by strongly heated

solutions emanating from the cooling magma. Two classes of deposit

representing two stages in the deposition are to be differentiated, namely,

in the first place, contact occurrences, which were formed above the

critical temperature of the solutions ; and secondly, lodes, these having

been formed by solutions below the critical temperature.

The occurrence of copper contact-deposits and copper lodes in grano-

diorite at Concepcion del Oro has already been mentioned. ^ At San Jose

in Tamaudipas, near the boundary with Texas, according to J. F. Kemp,^
copper deposits also occm- which are in part contact-metamorphic and in

part lode-like.

Chili
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Turmalinfiihrung der KujDfererzgange von Chile,' Zen. f. prakt. Geol., 1897, p. 41.—Several

works of L. M. Crosnier. Ann. des Mines, 1851, 1859; D. Forbes, 1861, 1863, 1866;
R. A. Philippi, 1860 ; A. Pissis, 1875 ; L. Sundt, 1895, are cited in Stelzner's and in

Moricke's treatises.

—

Otto Nordenskjold. ' Uber einige Erzlagerstatten der Atacama-
wiiste,' Bull. Geol. Inst. Upsala, III., 1897, and IV., 1898.—L. Darapsky. Das Dcparte-
ment Taltal. Berlin, 1900.—A. Endter. ' Das Kupfererzlager von Amolanas im Departe-
ment Copiapo,' Zeit. f. prakt. Geol., 1902, pp. 293-296.

The disposition of the most important copper deposits in Chih is

indicated on the map constituting Fig. 387, from which it is seen that

these deposits are widely distributed in numerous districts between 19°

and 35° south latitude, south of which there are but few.

In this region lodes are the chief form of deposit, though according to

Moricke some quite subordinate contact-deposits and a few unimportant

1 Ante, p. 398. 2 Trans. Amer. Inst. Min. Eng , May 1905.
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occurrences of the Lake Superior type are also found. This authority in

1897 divided the copper-, silver-, and gold-

occurrences of Chih, which are so closely con-

nected with eruptive rocks, into the following

groups :

1. Gold-copper deposits : Lodes and im-

pregnations containing gold and usually some

aiu-iferous copper ores in moderately acid

and acid eruptive rocks, such as quartz-

gabbro or quartz - augite - diorite, quartz-

diorite, syenite, amphibole-granitite, quartz-

porphyry or liparite. The principal gangue-

mineral is quartz ; tourmaline (!) is frequently

present.

A. Gold deposits proper, e.g. at Guanaco

in Antofogasta ; Inca de Oro, Cachiyuyo, and

Jesus Maria in Atacama ; Talca, Andacollo,

and Los Sauces in Coquimbo ; Chivatos in

Talca, etc.

B. Deposits containing rich copper ore

with, as a rule, a very variable gold content,

free gold being fomid here and there, e.g. at

Eemolinos and Ojancos in Atacama ; Tamaya
and La Higuera in Coquimbo ; Caleu, Las

Condes, and Peralillo in Santiago, etc.

These subordinate groups of deposit, being

connected by every possible gradation, are

not easily differentiated from each other.

2. Silver-copper deposits : Deposits con-

taining silver minerals—with no considerable

gold content—-associated with argentiferous

copper ores, in basic plagioclase-augite rocks,

such as diabase, augite-porph\Tite, and augite-

andesite, or in Mesozoic sediments, especially

limestones, penetrated by those eruptive rocks.

The principal gangue - minerals are calcite,

barite, and quartz. Zeohtes are frequently

present, while tourmaline is completely absent.

These deposits may be divided into the fol-

lowing subdivisions :

A. Deposits with copper ores containing

no gold but as a rule some silver. Native silver is sometimes present,

Ch = Chuquicamata ; P = Paposo ; G =

Guanaco; A' = Remolinos ; C=Carairal
/f=Hisuera.

Fig. 387.—Map of the Chilian

cojiper deposits.



THE COPPEK LODES 893

e.g. at Puquios and Oheco in Atacama ; Mercedes de Algodones in Coqu-

inibo ; Catemo in Aconcagua ; Lampa in Santiago, etc.

B. Deposits containing silver. Copper ores occur here more or less

subordinately, e.g. at Tres Pimtas, Cabeza de Vaca, Los Bordos, Chanarcillo,

San Antonio in Atacama ; Algodones, Rodaito, Argueros, Quitana in

Coquimbo, etc.

These two subordinate groups are Hkewnse most closely connected

with each other.

3. Silver lodes with a high gold content. These occur in both basic

and acid eruptive rocks. Free gold as well as silver chlorides occur

not infrequently, e.g. at Lomas Bayas in Atacama, and Condoriaco in

Coquimbo.

This type of precious-metal deposit may be taken to represent at the

same time a combination of groups lA and 2B.

4. Deposits containing galena, sphalerite, tetrahedrite, enargite, etc.

Though silver minerals are rarely found these deposits are argentiferous

throughout, and usually somewhat auriferous. They are associated with

Tertiary andesite and Hparite and their respective tuffs, e.g. at Cerro

Blanco and La Coipa in Atacama ; Las Hediondas, Vacas Heladas and

Rio Seco in Coquimbo, etc.

The last-mentioned deposits, situated in the Andes 3000-4000 m.

above sea-level and worked more particularly for silver and gold but not

for copper, belong to the Tertiary gold-silver group. ^ This is also the

case with the silver-gold deposits mentioned in group 3, while from de-

scriptions it would appear that very many of the silver deposits of group

2B and of the gold deposits of groap lA are also of Tertiary age.

Those eruptive rocks mth which the copper lodes are associated are

invariably fairly yomig, that is, Upper Cretaceous or early Tertiary, some

perhaps still younger.

Economically, the copper deposits of Chih are more important than

those of silver and gold. This may be gathered from the following figm'es

of production for 1910 :

Copper . . . 35,235 tons, worth £2,000,000
SUver . . . 44,479 kg., „ 150,000

Gold . . . 1,268 „ „ 175,000

The Chilian copper lodes carry quartz as principal gangue. Tom'ma-

Hne, as pointed out by Groddeck,^ Stelzner,^ and Moricke,* is highly char-

acteristic of many. Such for instance is the case with the auriferous

copper lodes in a massive syenitic rock at Taltal in northern Chih ; the

auriferous copper deposits in quartz-gabbro and quartz-diorite at Tamaya
in Coquimbo, where the country-rock is often completely tourmalinized

;

1 Ante, pp. 515-600. 2 1887 3 1897. * 1897.
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the likewise auriferous copper lodes in gabbro-diorite and quartz-diorite

in the important mining district of Copaquire in Coquimbo ; and many
other deposits cited in the works of Stelzner and Moricke. In addition,

actinolite frequently occm"s and, according to information received from

Professor Schneider, occasionally also garnet. Specularite and molyb-

denite occur fairly extensively ; scheelite, cuproscheelite, anatase, and

zircon, are found as rareties ; while cassiterite, fluorite, and topaz, are

absent. According to Moricke, tourmaline occurs only in lodes connected

with acid or moderately acid eruptive rocks, such as granite, syenite, diorite,

quartz-gabbro, quartz-porphyry, etc., and is absent from those associated

with basic eruptives.

The most important ores of the Chihan copper deposits are, chalco-

pyrite, bornite, and chalcocite ; and in the upper levels, cuprite, malachite

and azurite, native copper, covellite, tenorite, brochantite, and in the

northern provinces, atacamite. Occasionally much chalcanthite has been

found at the outcrop of some deposits, as for instaiice at Copaquire high

up in the Andes.

^

Tetrahedrite and domeykite are uncommon ; enargite, which occm's

fairly extensively in the young lodes mentioned imder group 4, appears to

be absent from the copper lodes. These copper lodes frequently contain

a small amount of silver and gold, the silver being found principally in the

bornite and chalcocite, the gold chiefly in the chalcopyrite. Though

tetrahedrite is uncommon, it frequently has a high though variable silver

content. It is interesting to note on the other hand that this mineral,

as in the Teniente mine, may occur practically free from silver.

In these Chilian copper lodes also, the cementation or sulphide-enrich-

ment zone is particularly rich ; at Tamaya, for instance, under a bright-

coloured oxidation zone^ followed a zone containing bornite and chalco-

cite,^ this continuing to a depth of 220 m. ; mider this again came the

primary zone in which chalcopyrite predominated.*

Copper mining in Chili began on a very moderate scale at the com-

mencement of the seventeenth centiu-y ; it increased considerably about

the middle of the nineteenth centiu-y so that from 1855 to 1880 Chih

ranked first among the copper-producing countries ; but subsequently

was surpassed by other large copper - producing countries till now it

occupies the sixth place, the sequence being :

1. United States. 4. Japan.

2. Mexico. 5. Austraha.

3. Spain. 6. Chih.

1 H. Oehmichen, Zelt. f. })rakf. Geo!., 1902, p. 147.
- Metal de color. ^ Metal de color bronceada. * Bronce amarillo.
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The importance of the copper production of Chih at different periods,

inckiding the copper content of the exported ore and the by-products

from smelting, may be gathered from the following table :
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produced some 40,000 tons annually, a production which, subsequently

decreased to 20,000-25,000 tons ; only however to rise again considerably

of late years. The great fall in production from 1885 to 1900 was due

to the particularly low price of copper, and to pohtical disturbance. The

statement sometimes heard that the copper lodes rapidly pinch out in

depth or become completely impoverished, is incorrect. According to

Schneider in 1910, none of the long-estabHshed mmes were then exhausted,

though some had reached a vertical depth of 600-800 metres. The

more important mines are : Collahusai in Tarapaca ; Chuquicamata in

Antofagasta ; Guanaco with very auriferous copper ores, and Paposo with a

vertical depth of 400 m., in Taltal ; Descubridora de Carizahllo, 650 m.

deep, and Fortmiata de las Amimas, 430 m. deep, in Chanaral. In Copiapo,

the important Dulcinea mine, 800 m. deep, and the Cerro Blanco and

Ojanco mines, 380 m. deep, near Remolinos, with auriferous copper ore.

In Vallenar i Freirina, Carizal-Alto, 414 m. deep. In Elqui i la Serena,

the celebrated La Higuera mine, 350 m. deep, and the Brillador, 550 m.

deep. In Coquimbo i Qualle, Zannhillo, 200 m. deep, and Tamaya with the

Rosario mine, 590 m. deep. And finally, Desengaiio in the neighbomiiood

of Santiago.

The famous Chanaricillo silver mine, first discovered in 1832 though

now practically exhausted, reached an approximate depth of 700 metres.

The value of the silver produced from this mine was according to Moricke

about £60,000,000, though Nordenskjold estimated it to be only £22,500,000.

Japan

LITERATURE

Les Klines du Japon, Paris Exhibition, 1900.— ' ^Mining in Japan,' Past and Present,

Bureau of ilines, 1900.—Resume statistique de I'empire du Japon, Tokio.—L. de Latjnay.
La geologic et les richesses minerales de I'Asie, Paris, 1911.

A map indicatmg the disposition of the useful deposits of Japan is

presented in Fig. 310. Of late years this comitry has ranked fourth

among the copper-producing countries. In addition to deposits of cupri-

ferous pyrite, copper lodes are also kno\Am. To the first-mentioned belongs

the deposit occurring in crystalline schists under similar circmnstances to

the deposits of Norway and Spain, at the Besshi mine on Shikou, one

of the southern islands, this mine being 544 m. deep and responsible

for about one-eighth of the copper production of Japan. Of greater

economic importance however are the copper lodes occiuring principally

on the main island of Nipon. In the north of that island and in the

provinces Echizen and Kaga somewhat farther south, such lodes are
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found at Kosaka, Osarusawa, Aiii, Hisaniclii, Arakawa, Nagamatsu,

Ogoya, and Yusenyi. Almost all these occur eitlier in, or in tke neigh-

bourhood of Tertiary propyhtized hparite and andesite. Exceptionally,

the lodes at Omodani occur in Mesozoic beds in association with quartz-

porphyry, and others at Mizusawa in granite, though liparite exists in

the neighbourhood. At Kosaka, now on accoimt of its high silver content

the most important copper deposit in Japan, the lodes are fomid in

andesite or trachyte and attendant tuffs.

The deposits at the famous Ashio mine, which are responsible for

approximately one-sixth of the present Japanese copper production, occur

principally in liparite, dacite, and andesite ; a few only, have as country-

rock the slates adjacent to these eruptives. The ore of these lodes consists

chiefly of chalcopyrite and pyrite with some bornite, a httle sphalerite,

and galena ; while quartz, calcite, and barite, occur as gangue. L. de

Launay compares this district with that of Butte, Montana, manganese

minerals being common to both.

In Chugoku, the deposits traverse Palgeozoic as well as Tertiary beds

penetrated by eruptive rocks. Although that at Sasagatani is regarded

as a contact occurrence, others are midoubtedly typical fissure-filhngs in

quartz-porphyry and liparite.

From this brief description it is seen that many of the Japanese

copper lodes, and among them the important deposits at Kosaka and

Ashio, are of Tertiary age.

Copper mining is the most important mining industry of Japan. The

value of the production of the different heavy metals in 1908 was as follows :

Copper .
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In 1908 there were at work no less than forty-three copper mines of

importance, among which the following are worthy of particular mention :

Kosaka in Rikuchu, Ashio in Shimotsuke, Besshi in Jyo, Osariizawa in

Rikuchu, Ani in Ugo, Ikuno in Tajima, and Kano in Iwashiro.

Australia

LITERATURE

J. A. Phillips and H. Louis. A Treatise on Ore Deposits. London, 1896.—Rei)orts

of the various colonies for the Mining Exliibition, London, 1890, and otlier exhibitions.

—

L. Gasguel. Ann. des Mines, 10 Ser. Vol. VII. pp. 544-562, 1905.

One of the most important copper-fields in this comitry is that of

Moonta-Wallaroo in the Yorke penmsula, near Adelaide, South Australia.

At Moonta, first discovered in 1861, copper lodes occur m quartz-porphyry.

Seventeen kilometres away the well-known Wallaroo mine, discovered a

year earlier, exploits lodes in Cambrian mica-schists with some limestone,

etc. The lodes of both districts carry principally chalcopyrite and some

bornite, with quartz as gangue. Wallaroo carries in addition some pyrite,

arsenopyrite, cobaltite, etc. At Moonta the pyrite content is very low.

Barite, fluorite, and tom'inaline, apparently do not occur at either place
;

some felspar on the other hand is found at Moonta.

In this latter district, within an area 1-5 km. square, a considerable

number of lodes are known. In 1903 the deepest shaft had reached a depth

of 800 metres. The lodes become poorer in depth. At Wallaroo a steep

lode of considerable extent and usually at least 2 m. wide is worked. This

lode cuts through the schists. In 1890 the deepest shaft was 400 metres.

At the outcrop of these lodes large quantities of malachite, azurite,

cuprite, atacamite, native copper, etc., occurred, the carbonates and

atacamite predominating. The sulphides were first met in greater depth.

At Wallaroo for instance, down to a depth of 30 m. only carbonates, etc.

were known ; below this and to a depth of 50 m., black copper sulphides
;

and below this again, chalcopyrite mixed with quartz. The black copper

sulphides are in all probabihty cementation ores. At Moonta on the other

hand, where in the neighbom-hood some hmestone comes to the surface,

chalcopyrite began to appear at a depth of 30-40 metres. From 1861 to

1903 this mine produced about 120,000 tons of metalhc copper ; to this

must be added the production of Wallaroo, and later that of the united

Moonta-Wallaroo mine, this being about 6000 tons per year.

Burra-Burra, in South Austraha and about 160 km. north-north-

east of Adelaide, was formerly famous for its rich oxidation ores. At

this place two lodes occm- in a complex consisting of slate, hmestone, and

sandstone—sometimes described as serpentinized limestone—these lodes
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near the siu'face carrying malachite, azurite, cuprite, native copper, etc.

These oxidation ores reach to a depth of 75—90 m. free from sulphides
;

not till a depth of 170-190 m. is reached do sulphides exclusively occur,

and then such are represented almost entirely by chalcopyrite.

This deposit was discovered in 1845, and exploited with considerable

profit up to 1877 ; altogether 234,648 tons of ore containing 51,522 tons

of copper worth £4,749,224, were produced, a considerable portion of

this sum being net profit. In this case, in spite of the high content of

the oxidation ore, the sulphide ore proved to be mipayable.

Most of the other Austrahan copper deposits, as for instance the

important occurrence at Cobar in New South Wales, hkewise occur, in the

form of lodes. The pyrite deposits at Momit Lyell on the west coast of

Tasmania are however exceptions. These deposits were discovered in

1886, though not till the middle of the 'nineties was exploitation begmi.

They occur in metamorphic Silmian slates, and in many respects resemble

the Huelva pyrite deposits. The ore-bodies have an average width of

200 feet or a maximum of 300 feet, and may be 950 feet long. The ore

consists on an average of 83 per cent of pytite, 14 per cent chalcopyrite

with 4-5 per cent of copper, 2 per cent barite, and 1 per cent of quartz.

Mining operations began in 1896, resulting later in a yearly output of 8000

tons of copper. From 1896 to 1908 the total copper production of Tas-

mania amounted to 94,923 tons, worth £7,771,830, this production having

been derived almost exclusively from Momit Lyell.

In addition to copper. Mount Lyell pyrite contains .0-25 part of silver

to 100 parts of copper, and 1 part of gold to 52 parts of silver, so that it

is more argentiferous and auriferous than other intrusive pyrite deposits.

The approximate value of the copper and copper ore exported from

Austraha may be gathered from the following table :

South Australia, 1843 to 185.5
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From 1896 to 1911 the total production was 440,000 tons. Adding

this to the figures given above for the production before this period,

Australia up to the end of 1911 had altogether produced 840,000 tons of

copper. Of this total, some 120,000 tons came from the Moimt LyeU pyrite

deposits, about 51,000 tons from Burra-Burra during the period 1846-1877,

and probably some 250,000 tons from Moonta-Wallaroo.

KuSSIA-SlBERIA

Copper mining in Russia and Siberia, as will be seen from the following

figures of production, is centuries old :
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along and within the quartz-porphyry.^ This deposit since 1865 has been

worked by Siemens Brothers.^

In the Kirghiz Steppes, numerous lead -copper lodes, capable of

division into several groups, are found in slate, hmestone, and porphyry or

porphyrite. In the Altai district also, lead-silver-copper lodes are known
around Smeinogorsk. In these regions mining operations, formerly so

extensive, have of late years considerably decreased.^

Telemarken in Norway

LITERATURE

J. H. L. VoGT. ' Den Thelemark-Satersdalske Ertsformation. Norske Ertsforekemster

III. and III6,' Archif f. Mathem. Naturv. X., 1886, and XII., 1888 ; also Zeit. f. prakt.

Geo!., April 1895, in which papers by T. Dahll, 1860, Th. Scheerer, 1844, 1845, 1863, B. M.
Keilhar, 1850, and P. Herter, 1871, are cited.

Telemarken consists of late Archaean or Algonkian slates, conglomer-

ates, and quartzites, all of which are penetrated by later pre-Silurian

granite. In one place at Svartdal quartz-diorite occm's. In these rocks

a large nmiiber of ore-deposits are found, most of which carry chalcopyrite,

bornite, and chalcocite without any accompaniment of pyrite or pyrrhotite.

These occurrences may be grouped in the following manner :

1. Lodes in granite, principally along vertical joint-planes, as illus-

trated in Fig. 145 ; occasionally, as at Svartdal, in quartz-diorite.

2. Lodes along vertical joint-planes in granitic dykes, as illustrated

in Fig. 388.

3. Lodes along the walls of granitic dykes in slate, as illustrated

in Fig. 389.

4. Lodes in slate.

5. Bedded lodes and impregnations resembling fahlbands, in slate.^

The two last-named types occur principally in the neighbourhood of

the granite contact ; the Hoffnmig bedded lode, for instance, at Aamdal,

which is at least 1400 m. long, is only about 40 m. distant from gneiss-

granite.

In addition to copper ores, molybdenite occurs in some places so

abundantly that it is exploited, as for instance at Langvand in Satersdal,

and, farther west, at Knaben in Fjotland ; a few lodes contain galena,

sphalerite, arsenopyrite, etc. ; at Dalane in Kvitseid, an impregnation of

native copper w4th native silver occurs ; in the 5 km. long quartz-diorite

1 Or andesite ?

^ L. de Launay, La Geologic et hs richesses minerales de I'Asie, 1911 ; and in Russian,
E. Fedorow, An?}, yeol. et miner, de la Russie, 1901, IV. Section I. ; Mem. Ac. Imp. de

Science de St-Petersbourg, Ser. VIII., Vol. XIV., 1903.
3 L. de Launay, etc. * Fig. 54, Zeit. f. prakt. Geo!., 1895.
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area at Svartdal some gold lodes containing chalcopyrite, pyrite, etc.,

and a fair amount of bismuthinite, occur ; while finally tetradymite has

been observed in several places.

Quartz is the most important gangue, this mineral in some lodes being

accompanied by tourmaline, and particularly so in the gold-bismuthinite

lode at Svartdal. Muscovite frequently occurs, as for instance at Klovereid

Slate. Granitic dyke with Slate.

veins of ore.

Fig. 388. — Sketch - plan of the

occurrence of copper ore in the

Nasmark mine, Vogt, Zeit f. prakt.

GeoL, 1895, p. 149.

Granitic dyke traveisinj,' quartz-schists

anil containing transverse copper veins
following one another at regular intervals

of 0-3-0'4 m., these veins being accom-
panied by narrow greisen zones.

Slate. Lode,

Fig. 389. — Sketch - plan of the

copper lode in the Moberg mine in

Telemarken. Vogt, Zeit. -f. jyrakt.

Geol., 1895, p. 149.

Granite dyke traversing quartz-schists
and having on one wall a wide quartz
lode with niuscovite crystals on the
walls and nests of copper ore in places.

illustrated in Fig. 145, Nasmark illustrated in Fig. 388, and Svartdal.

Similarly to the zinnwaldite of the tin lodes at Zinnwald, illustrated in

Fig. 146, this niuscovite is in part arranged perpendicular to, and on the

walls. Calcite and other crystalline carbonates are subordinate. Fluorite

is occasionally fomid in some lodes ; at Dalen in the neighbourhood of

Bandakvand it occurs in such large amount that some thousand tons have

been won. Epidote, hornblende, beryl, etc., also occur.

In many mines the granite along the lodes is altered to a rock resembling

greisen.^

1 Anle, Figs. 145, 261, 262, and pp. 874 and 879.
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The lodes generally are closely associated with the granite, or at

Svartdal with the quartz-diorite. Their occiu-rence along joint-planes

in granite or in granitic dykes points to a genetic association with the

granite eruption. In addition, the presence of tin minerals, tourmaline,

fluorite, molybdenite—in one place also wolframite, scheehte, molybdenite,

and exceptionally, uranium and beryl— together with the greisen-hke

alteration of the country-rock, indicates that the genetic conditions at the

formation of the lodes at Telemarken were quite similar to those of the

tin lodes. 1 Vogt therefore described these deposits as ' tin lodes with

copper in the place of tin.'

Some of the deposits were exploited as far back as the sixteenth

century. The bedded lodes at Aamdal have so far produced copper

ore containing about 7500 tons of copper, while mining operations upon

them continue to expand.

THE CUPRIFEROUS SIDERITE LODES

These constitute a special type of copper lode of which the most

important representatives are fomid at Mitterberg in the Salzbm-g Hills,

Dobschau in Upper Hungary, and m Siegerland.^ They occiu- frequently

in early Palaeozoic beds, and agree in their general characteristics with the

siderite lodes of Siegerland. The width, as at Dobschau, may be consider-

able and reach several metres. The lodes belonging to this class carry

principally siderite, quartz, and sulphides, of which latter chalcopyrite and

pyrite are the most important, the pyrite frequently increasing in depth.

Bernhardt, in respect to Siegerland, was the first to point out that in

general a great difference in age exists between the different minerals of the

filling, a fact which Krusch by the microscope was not only able to confirm

but also to estabhsh in respect to Mitterberg and Dobschau. With these

deposits the first filhng consists of siderite together with a small amomit of

sulphides, such as pyrite and chalcopyrite. The siderite overwhelmingly

predominating, the lodes in general represent siderite lodes. The entry of

quartz solutions to effect the more or less complete replacement of the

siderite took place at a later period and after repeated re-opening of the

fissure, this process being accordingly described as a sihcification of the

lodes. Although such sihcification took place midoubtedly from depth up-

wards, nevertheless in a vertical section sihcified and misilicified sections

may alternate, replacement of the material in the original fissure having

depended not only upon the exact course of the re-opened fissure but also

1 Ante, p. 365. 2 Ante, p. 792.
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upon the different degrees of resistance which the variable structure of the

siderite offered to metasomatic replacement. As a third stage new
mineral solutions entered, which in their turn in part replaced both siderite

and quartz. The lodes belonging to this group are excellent examples

therefore of internal lode metasomatism.

The original siderite filling being usually of great age, these lodes often

exhibit evidence of intense tectonic activity and now frequently occur

folded and disturbed by all manner of faults.

MiTTERBERG IN THE SaLZBURG AlPS

LITERATURE

F. M. Stappf. Berg- u. Hiittenm. Ztg. Vol. XXIV., 1865.—F. Posepxy. Archiv f.

prakt. Geol. Vol. I., 1880, pp. 274-293.—A. v. Geoddeck. ' Zur Kenntnis einiger Serizit-

gesteine, welche neben unci in Erzlager.statten auftreten,' N. Jahrb. f. ;\Iin. B.-B. II., 1883,

pp. 72-183 ;
' Zur Kenntnis des griinen Gesteins von Mitterberg,' Jahrb. d. k. k. geol.

Reichsanst. Vol. XXXIII., 1883, pp. 397-404 ; ' Uber Lagergange,' Berg- u. Huttenm. Ztg.

Vol. XLIV., 1885 ; ' Studien iiber Thonschiefer, Gangthonschiefer und Serizitschiefer,'

Jahrb. d. pr. geol. Landesanst., 1885, pp. 1-52.—W. v. Gumbel. ' Geologische Bemer-
kungen iiber die Thermen von Gastein und ihre Umgebung,' Sitzungsber. d. bayr. Akad. d.

Wiss., 1889, pp. 341-408.—C. A. Herixg. Berg- u. Hiittenm. Ztg. Vol. LIV., 1895, p. 215.

—A. W. G. Bleeck. ' Die Kupferkiesgange von Mitterberg in Salzburg,' Zeit. f. prakt.

Geol., 1906, pp. 365-370.

—

Much. Das vorgeschichtliche Kujiferbergwerk auf dem Mitter-

berg bei Bischofshofen, 1879 ; Die Kupferzeit in Europa, 1886.

—

Krusch. Some Investiga-

tions.

The Bischofshofen copper district near Salzburg, situated about

1500 m. above sea-level, has long been known not only for its copper

deposits but also for those of siderite. The district consists in greater

part of Alpine Werfen beds,^ greatly disturbed by subsequent tectonics.

According to Groddeck and Bleeck who have petrographically examined

these beds, they consist chiefly of sericite-schist with ottrehte, quartz,

and crystalhne carbonates ; Bleeck is of opinion that they represent

contact-metamorphic clay-slates, sandstones, and quartz-porphyry.

In these beds a large number of steep bedded lodes, usually 1-3 m.

thick, occur, these being principally cupriferous siderite lodes. These

lodes when possessing a low copper content were worked for iron, and

when the content was high, for copper. In the case of old miues therefore,

it is not always possible to determine whether such are old iron mines

abandoned owing to increase of copper in depth, or copper miues in which

the copper in depth gave place to siderite.

The conformity between the lodes and the frequently transversely

schistose rocks is often so pronounced that these lodes have been occasion-

ally regarded as sedimentary beds. Their epigenetic character is apparent

1 Triassic.
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however, partly in small penetrations of the schists by the lodes, and

partly in the occurrence of numerous fragments of comitry-rock m the

lode mass.

The disturbances which these lodes have suffered are just as varied as

those of Siegerland, folds, faults, lateral displacements, overthrusts, and

vertical displacements, all being present. Folds arose when after the

formation of the lode the entire complex suffered fm'ther phcation. "WTien

such are present the lode mass is usually traversed by numerous fracture

planes, since this mass offered more resistance than the schists of the

country-rock. The unravelment of folds is simple because as a rule no

break in the contmuity of the lode occiu-s. Faults and overthrusts call for

no particular mention. Lateral displacements on the other hand, brought

about by horizontal pressure and usually exhibiting no concomitant sub-

sidence, are as interesting as the vertical displacements. These latter

present phenomena similar to the shallow faults of Siegerland.

The primary ore is chalcop}Tite, which, where the lode- filling has

suffered no subsequent alteration, occm's in quartziferous siderite or

ankerite, wdth a variable pyrite content. Chloantite, erythrite, arseno-

pyrite, and some quicksilver-tetrahedrite which readily decomposes with

the formation of cinnabar, occiu" subordinately.

According to Bleeck two types of lode may be differentiated, namely,

quartz-chalcopyrite lodes and quartz-ankerite lodes, the last-named being

the yomiger. In both cases the comitry-rock is impregnated with chalco-

pyrite and pyrite.

Krusch considers it may be conclusively proved that a repeated re-

opening of the lode fissm-e took place, and that the first filling consisted

principally of ankerite and siderite, and subordinately of quartz, chalco-

pyrite, and pyrite. During a second period of tectonic disturbance,

silicic acid solutions circulathig through the re-opened fissm'es entered the

ore mass and metasomatically replaced the carbonates. As a result of

this period of sihcification, in addition to yomiger quartz veins formed

directly from these solutions, all gradations between the old carbonate

lodes and the quartz lodes formed by replacement of the carbonates, are

fomid. From the disposition and individual arrangement of carbonates

remaining in the quartz, it may frequently be proved that origmally the

entire filhng was carbonate. A part of the sulphides, and presumably also

of the chalcopyrite, being still yomiger than the quartz must owe its

existence to a third opening of the lode fissure. Li this connection therefore

there exists a great analogy between the districts of Siegerland and

Mitterberg.

The geological position is especially comphcated when a yomiger

quartz vein not owing its formation to internal metasomatism, intersects
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an older secondarily formed quartz lode. In such case the most careful ob-

servation is necessary in order to distinguish between the two occurrences.

With regard to the sericite, ottrelite, etc. of the country-rock, it may
be said with some certainty||that these were formed by hydrothermal

processes.

In addition to the lodes worked in the principal mine at i\Iitterberg,

analogous deposits have been developed to the south, the most important

of which are the Brand and Buchberg lodes.

Mining at Mitterberg, as already indicated, was an industry in very

ancient times. From the second century a.d. however, and for a period

of about 1500 years, the district lay idle. Present operations, which with

an annual production of about 1200-1800 tons make this occiu'rence the

most important copper deposit in Austria, date back to 1827.

The silver content, which may reach 150 grm. per ton of ore, is also

interesting.

The Bedded Lodes of Kitzbuhel in the Tyeol

LITERATURE

P. •JI. St.\ppf. ' Geognostische Notizen iiber einige alpinische Kupfererzlagerstatten,'

Berg- u. Hiittenni. Ztg. Vol. XXW., 1865.—F. Posepny. ' Die Erzlagerstatten von
Kitzbuhel in Tirol und dem angrenzenden Telle Salzburgs,' Archiv f. prakt. Geol., 1880,

Vol. I. p. 257.—G. DoRLER. Bilder von den Kupferkieslagerstatten bei Kitzbiihel und den
Sehwefellagerstatten bei Swoszowice, ilinister for Agriculture, Vienna, 1890.—Geological

map by Professor v. Joaohimsthal, 1891.

The Silurian formation in the Kitzbuhel district consists of grauwacke-

slates, slaty grauwackes, clay-slates, and clay-mica-slates, all of which

generally speaking strike east-west. The carriers of the copper are the

clay-slates. Of the numerous occurrences in this district, till a short

time back only those on the Schattberg, in the Kupferplatte, and on the

Kelchalpe, were worked.

The lodes on the Schattberg he conformably to the clay-slates, which

dip 25°-80°, strike east-west, and are overlaid with thick detritus and

diluvial beds. These lodes, according to Dorler, represent a complex of

lode-hke fillings of fissures foHousing the variable strike and dip, and

adapting themselves to the bends and folds of the slates. Like the

slates the lodes are so crushed, contorted, faulted, and thrust agamst one

another, that pieces of one and the same lode have at times been regarded

as separate parallel deposits.

The principal lodes, which in width vary from a few centimetres

up to 4 m., are sharply separated on both walls from the comitry-rock,

into which however they send many veins or leaders. The filling consists

in general of ankerite ^^ith large masses of gxey and black slate, between

which are fomid nests and veins of milky-white quartz and chalcop}T:ite.
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The ore occurs, either as an impregnation, or in compact masses on

the hanging-wall and foot-wall, or, again, distributed irregularly in stringers

and pockets. Tetrahedrite and millerite are micommon.

The lodes in the Kupferplatte at Lochberg likewise in general coincide

in strike and dip with the comitiy-rock.

The geological position of those on the Kelchalpe is similar. The

country consists of Silurian clay-slates and clay-mica slates. The so-called

Falkenschiefer are especially interesting, these behig the yellowish-grey,

hght-coloured, and seldom reddish clay-slates with quartz flakes parallel to

the cleavage, associated exclusively with the ore-occurrences. The copper

deposit reaches a Avidth of 4 m., strikes north-east, and dips 30° towards

the east. The lode-filling consists principally of ankerite, quartz, and

Falkenschiefer, as gangue, and pyrite, niccolite, chloantite, sphalerite, and

galena, as the valuable minerals.

Mining at Kitzblihel, now no longer of any importance, dates back

to the eighteenth century. The copper production of the Tyrol has in

recent years amounted to about 700 tons annually.

The Copper Lodes of the Kamsdorf District

LITERATURE

F. Beyschlag. ' Die Erzlagerstatten der Umgegend von Kamsdorf in Thiiringen,'

Jahrb. d. k. pr. geol. Landesanst., 1888.

In the Zechstein area east of the river Saal, between SaaKeld and

Konitz, continuations of the northern Thuringian Forest bomidary-faults are

fomid. Such fissures, striking south-east and dipping 50°-80° north-east,

have Triassic, Permian, and Culm, as country-rock. Minerahzation is how-

ever limited to that portion of their extent between the faulted portions

of the Weisshegendes and the Zechstein dolomite, the richest section being

between the faulted Kupferschiefer terminals. The ore, occurring in

irregular pocket-like accumulations, consists of tetrahedrite, chalcopyrite,

cuprite, malachite, azmite, and, principally on the Roter Berg, of cobalt-

and nickel ores. The gangue-minerals are, siderite, limonite, barite, and
calcite. Asphalt occurs as the result of pressiu-e upon bituminous slates.

From these lodes the bed-like metasomatic alteration of the Zechstein

hmestone and dolomite, which has been more fully described in the chapter

on metasomatic iron ores,i proceeded. In these metasomatic deposits, not

far from the lodes, nests and pockets of compact tetrahedrite have been

fomid.

The production of this district is small.

1 Ante, p. 835.
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In connection with copper lodes metasomatic deposits may be formed,

especially when the comitry-rock consists, in part at least, of hmestone or

dolomite. Since this condition however is more rarely fulfilled in natm"e

than those necessary to the formation of lodes, there are but few places

where copper deposits of this type are exploited. With such deposits

the replacement of the limestone is more or less complete, though as yet

no case is known where a hmestone bed has been entirely replaced.

The form of these deposits is consequently always irregular
;

pipes

and chimneys exist which in regard to their extent along the strike

are dependent upon fissures, fractm'es, and bedding-planes. Smce the

thickness of the bed undergoing alteration, especially if it be limestone, is

usually limited, in the case of undisturbed bedding no material extension

in depth is, generally speaking, possible. Where extension in this direction

is encomitered, it is due to tilting of the beds, such as may have taken

place before or after the formation of the deposit.

The distribution of the ore is irregular, the most important copper

enrichments being not infrequently found ui the vicinity of lode fissures.

The primary minerals are as a rule pyrite and chalcopyrite, though

other sulphides such as galena and sphalerite also occur. In keeping

with the nature of the origin of these deposits, carbonates predominate

among the gangue-minerals. The structure is generally irregular-coarse.

As with most metasomatic deposits, the primary depth-zones are

generally hmited to an alternation of poorer and richer zones, this alterna-

tion being frequently connected with the varying degree of replacement the

individual beds comprising the hmestone formation have suiiered.

Secondary depth-zones, on the other hand, are of great importance,

since copper ores are pronouncedly prone to migrate ^ and the country-rock,

consisting in part at least of hmestone, favom's such migration. Oxidation

and cementation zones of considerable thickness, and in striking dispropor-

tion to the size of the primary deposit, may therefore be formed. In such

1 Ante, pp. 89-92, 216.
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cases not only is the limestone practically completely replaced, but also

any eruptive rock associated with it, as for instance aphte and kersantite

at Otavi. Should other sulphides occur together with the copper in the

primary zone, these act reducingly upon the secondarily-formed descending

heavy-metal solutions. In this manner and over a long period a pronomiced

copper cementation zone may be formed, even with such metasomatic

deposits as originally carried principally galena and sphalerite and but

little copper.

The accessory precious-metal content in copper deposits may be very

considerable. While such accessory silver content may be considerable

and constitute a substantial part of the production, the gold content is

less important. It has aheady been pointed out ^ that gradations between

copper- and silver deposits exist.

From the close connection between metasomatic copper deposits and

copper lodes it follows that m the principal lode districts subordinate

metasomatic deposits also occur, such as a rule having been formed by the

alteration of hmestone. Unavoidably therefore, a number of metasomatic

deposits were mentioned when describing the copper lodes ; further

description of this subordinate class will accordingly here be confined

to the deposits at Massa Marittima, Boccheggiano, Otavi, and Katanga.

Massa Marittima, Boccheggiano, and the Adjacent Deposits

IN TuSCAJfY

LITERATURE

B. LoTTi. Desciizione geol. -miner, di Massa Marittima, Geol. Surv^ey Dept., Italy,

1893 ; Geologia della Toscana, Geol. Survey Dept., Italy, 1910 ; I Deposit! dei minerali

metalliferi, Turin, 1903.—K. Ermisch. ' Die gangformigen Erzlagerstatten der Umgebung
von Massa Marittima in Toskana auf Grund der Lottischen Untersuchungen,' Zeit. f. prakt.

Geol., 1905, pp. 206-239.—L. de Launay. La Metallogenie de 1' Italic, Report of the 10th

Intern. Geol. Congress, Mexico, 1906. A number of treatises are cited in these works in-

cluding those by Savi, Pilla, Cailleux, Meneghini, G. v. Rath, Serpieri, Novarese, Corteze, etc.

The deposits of the ' Massetana Metal Province ' lie within an area of

450 square kilometres. North of this district are found the boracic acid

springs of Sasso and Monte Rotondo ; to the south-east, the quicksilver

district of Monte Amiata ;
^ and to the west, the contact-deposits and tin

occurrence of Campigiia Marittima,^ the copper mines of Monte Catini,*

and the contact-deposits of Elba, etc.^

The Massetana district consists principally of folded and faulted

Permian phyllites, Rhaetic, Liassic limestone, and Eocene, with a small

extent of Tertiar)'' eruptives, including gabbro—euphotide—serpentine, etc.

1 Ante, pp. 163, 164. - Ante, pp. 471-474. » Ante, pp. 409-411.

* Ante, pp. 300, 301. ^ j^,,^te, pp. 369-372.
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The numerous deposits may be grouped as follows :

1. True fissure lodes, which are often faults and frequently display

internal metasomatism of the original brecciated filhng. With these the

country-rock is more or less highly altered.

2. Lode-hke deposits connected with metasomatic occurrences, true

fissure-filhngs being subordinate.

3. Non -lode-like deposits of lenticular or pocket form, these being

in gTeater part pmely metasomatic. Such deposits are most closely

associated with calcareous rocks— the ' metalhferous limestone ' of the

Rhaetic or Lias, for instance — and are principally ferruginous zinc-

carbonate deposits.

Groups 1 and 2 especially are closely associated with each other.

Most of the deposits, or perhaps all, occur along four large N.X.W.-N.

a= lustrous slate, Permian ; ft = cavernous limestone, Rhaetic ; c= calcareous clay. Eocene.

Fig. .390.—Section of the copper lode accompaujing metasomatic limonite deposits at

Boccheggiano. Lotti ; see also Ermisch, Zeit. f. prakt. Geo!., 1895, p. 229.

striking faults, namely, (a) the south Serrabottini, (6) the Capanne Yecchi,

(c) the Montoccoh, and {d) the Boccheggiano. The section at Boccheg-

giano given in Fig. 390, illustrates this connection between fault and

deposit. Among other deposits of this type, those at Serrabottini, Capanne

Vecchie, Carbonaie - Valdaspra, Montieri, and Montevecchio deserve

mention.

Many lodes, as for instance those at Boccheggiano, belong to the

type of quartzose copper deposits ; they carry cupriferous pyrite, some

galena, sphalerite, etc. Others have more the character of the sulphide

lead-zinc deposits, though, containing a large amomit of chalcopyrite, they

represent the cupriferous facies of that group.

The latter, as pointed out long ago by Stelzner ^ and later by Ermisch,

frequently exhibit a striking resemblance to the sulphide lead group at

Freiberg, even though Archaean gneiss there constitutes the comitry-rock

whereas in the case of the Italian occurrences that rock consists of young

1 Berg- und Hilttenin. Ztg., 1877, No. 11.
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clay-slate. This fact is the plainest proof that the metalhferous filhng

could not have been derived from the country-rock.

The best known deposits are those at Massa Marittima and

Boccheggiano.

At Massa Marittima and at Poggio Guardione normal lodes occur in

Eocene marls, such lodes carrying pyrite, chalcopyrite, a little sphalerite,

and galena, in a quartzose gangue containing coarse-grained calcite in

subordinate amomit.

The famous Boccheggiano deposits belonging to the Monte Catini

company are situated in the neighbourhood of the important town of

Montieri, in the Massetana hinterland. The 1-25 m. wide quartz lode,

impregnated with pyrite and chalcopyrite, strikes N.N.W. and dips 40°

to the east. It extends along the contact of Eocene with Permian and

Rhaetic, and may be followed for a length of 3 km., from the Farmulla

river to the Merse Savioh. The ore m general has a banded structure.

According to the mineral-association two belts may be differentiated,

namely, a southern stretching from the Farmulla river to Boccheggiano,

a distance of 1-3 km. ; and a northern from Boccheggiano to the Merse

Savioli river, 1-7 kilometres.

The mineralization of the former is very variable. While formerly

sphalerite, argentiferous galena, and zinc carbonate were won, to-day two

chimneys containing clean chalcopyrite, galena, and sphalerite, are known.

The greater portion of the work is now centred upon three inclined ore-

shoots. The difference in depth between the highest and lowest levels is

approximately 250 metres. A small amount of tin to the extent of 1 of

tin to 80 of copper is interesting. In April 1910 a boracic acid spring,

having a temperature over 40° C. and emitting 30 litres per second, was

encountered in depth. The hindrance caused by this spring finally led

to the abandonment of operations.

All invariable rnetamorphism of the comitry-rock is especially

characteristic, this rock being frequently silicified, decarbonated, and

impregnated with chalcopyrite and pyrite, etc. In other places epidotiza-

tion is encomitered ; and finally, though infrequently, an alteration to

pyroxene, garnet, and epidote, accompanied at times even by hevrite.

This mineral-association has much in common therefore with contact-

metamorphism

.

The average yearly production of Boccheggiano, according to Lotti,

amounts to 35,000-36,000 tons. The different qualities of ore with their

average content may be gathered from the followmg table :

Average Yearly Production of the Boccheggiano Mine, 1895-1904

Rich copper ore with 31-97 °o S and 10-16 % Cu : 4,328 tons.

Rich sulphur-ore (cupriferous pyrite) ., 40-48 % S „ 3-44 % Cu : 6,863 „
Poor ore (quartzose) „ 24-19 % S ,. 2-65 % Cu : 25,570 ,.



912 ORE-DEPOSITS

General Manager Marengo gave the production for 1904 as follows :

Rich copper ore with 9-0 % Cu, 32 % S and 28 % SiO, : 3,600 tons.

Rich sulphur-ore „ 3-3 % Cu, 40 % S „ 18 % SiC, : 12,000 „
Poor ore „ 2-5 % Cu, 24 % S „ 45 % SiOo : 21,000 „

The genesis of these deposits is, according to Lotti, as follows : As

after-effects of the great mountain-forming movements at the end of the

Eocene period, fissm-es and fissure-systems were formed in Massetana and

in the neighboming districts of C'ampigha, Elba, etc., along which eruptive

mao-mas in part, but heavy -metal solutions principally, entered. These

circulated either along the fissures, bringing about the formation of the

lodes, or penetrated laterally into the comitry-rock principally along the

bedding-planes, thereby metasomatically replacing the alterable calcareous

rocks. The whole process, according to Lotti, was completed in the

Miocene period.

Minino- in Massetana is extremely old, its zenith having lasted

from 1200 to the time of the Great Plague in 1348, after which followed a

period of decline. Operations were however renewed with energy at the

close of the nineteenth century, but the uidustry is again in dechne and

the Boccheggiano mine was recently shut down.

The copper production of Italy from 1879 to 1883 was at the rate of

1200-1600 tons per year, and from 1884 to 1895 roughly 2500 tons ; this

rate increased later to 3000 tons, till operations in Boccheggiano were

discontinued, when it fell considerably, this mine having been responsible

for a considerable portion of the annual output. In 1911 the total output

was 2600 tons.

The Otavi Deposit, German South-West Africa

literature

Francis Galton. Travels in Tropical Africa, 1852.—H. Schinz. Deutsche Siidwest-

afrika. Oldenburg, 1891.—P. A. Wagner. ' The Geology of a Portion of the Grootfontein-

District of German South-West Africa,' Trans. Geol. Soc. S. Africa, 1900, Vol. VIII.—J.

KuNTZ. ' Kupfererzvorkommen in fSudwcstafrika,' Zeit. f. prakt. Geol., 1904, p. 402.

—

W. Maucher. ' Die Erzlagerstatte von Tsumeb im Otavi-Bezirk im Norden Deutsch-

Siidwestafrikas," Zeit. f. prakt. Geol., 1908.^P. Krusch. ' Die genetischen Verhaltnisse

der Kupfererzvorkommen von Otavi,' Zeit. d. d. geol. Ges., 1911, p. 240, Part 2.

Otavi is situated in the Otavi hills in the north of Hereroland, about

550 km. from the coast. These hills consist chiefly of dolomite in east-west

folds, the flanks of which incline sometimes to the north and sometimes to

the south. Certain beds of the Otavi dolomite favour the formation of

caves, these latter being mostly empty but occasionally filled with water.

The Otjikoto lake, south-west of Tsumeb, which supphes the necessary
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water for the mine, owes its existence to one of the largest of such caves.

The Palaeozoic Otavi formation, to which the dolomite belongs, consists,

according to Wagner, from hanging-wall to foot-wall, of the Fish River

sandstone, the Otavi dolomite, and the Nosib series. The Otavi dolomite

is presumably Devonian and the equivalent of the Black-Reef dolomite

and the Pretoria formation of the Transvaal.

In the Otavi hills copper ore is found in four different places, namely, on

the northern slope at Tsumeb, and on the southern slope at Gross Otavi,

Klein Otavi, and Guchab, these places being indicated in Fig. 391.

Fig. 391.—Situation of the Otavi copper district.

The least important of these deposits is that at Gross Otavi, where

nests and net-like veins of ore occur in dolomite, the beds of which dip

steeply to the south. The width of the principal ore-zone is approximately

1 m. at the centre, but diminishes on both sides. As with several of the

Otavi deposits, the sandstone -like masses so frequently mentioned in

descriptions occiu- here also. 8cheibe assumed these to be eruptive,

while Krusch has proved those at Tsumeb to be aplite. The mineral-

association consists of chalcocite with much malachite and galena. The
pockets of ore vary from those having the smallest dimensions to bodies of

more than 1 km. in length.

The deposits at Klein Otavi and at Guchab in the Otavi valley, near
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Kilometre 54 of the Otavi-Grootfontein railway, are more compact.

According to Kmitz, at these places one particular dolomite bed appears to

have been especially suited for alteration to ore.

SECOND LEVEL

i> i^ a r- / n g\ \
'

\ i> o } p m i t e' '\

IDv?55£cti isnatt

1
Main Shaft

Fig. 392.—Plan of the copper deposit on the second level of the Otavi mine.

SECTION A-B SECTION C-D

Ore/CcppertLead) ^MCloi, Gouge EZD V'^ ^^ Dolcmite^Oro-heann^)

Fig. 393.—Sections of the Otavi deposit.

Without doubt the most important occm-rence is that at Tsumeb on

the northern slope of the Otavi hills, where a green copper-stained hill

rises abruptly out of the Otavi dolomite. Kmitz at the time of his visit

estimated the ore-bearing area to be 200 paces along the strike and 40

paces to the dip. Both dolomite and deposit, as illustrated in Fig. 393,
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dip steeply to the south, though the eastern portion of the latter turns m
depth to dip towards the north. Here also the ore favours an apparently

less resistant dolomite bed. As indicated in Fig. 392. two ore-bodies may
be distinguished, namely, an eastern and a western. These are connected

in the centre by a contracted width of ore, the remamder of the width being

occupied in greater part by the above-mentioned aplite. The separation

of the ore and aplite from the dolomite is formed by a clay-parting or gouge.

The contraction of the ore-body increases from the surface downwards.

The length along the strike of both eastern and western bodies diminishes

somewhat in depth, where also, in 1911, between the third and foiu'th levels

a fault was met, though this was subsequently miravelled. From the latest

reports of the Otavi company it would appear that the aphte likewise

diminishes in depth. The Otavi dolomite, the ore-body, and the aplite,

are all crossed by ohvine-kersantite.

In regard to the genesis of these deposits two features are particularly

worthy of attention, namely, the gouge which separates the ore and aplite

from the dolomite ; and the gradual passage from aplite to ore.

According to R. Scheibe the deposit strikes on the whole east-west,

at an oblique angle with the limestone beds, and dips 50°-70° to the south.

The minerahzation, so far known to a depth of about 100 m., is not

simple. The ore occurs chiefly at the contact of aplite and dolomite,

where, on the one hand, compact masses of ore contain veins of aphte and

silicified dolomite, and on the other, veins of ore penetrate both dolomite

and aplite. On the third level in the eastern portion of the deposit, a rich

bunch of ore was found in the centre of the aphte.

The Avidth of the ore-body, though subject to considerable variation,

is often 20 metres or more. The eastern portion is richer in lead but

poorer in copper, ore containing 6-14 per cent of copper predommating
;

the western portion, on the other hand, is richer in copper, the ore contain-

ing 12-15 per cent.

The mineral-association, as first pointed out by Maucher, consists of

sulphide ores and their oxidation products. The latter he divides into

secondary ores, the immediate result of the oxidation of the primary, and
tertiary ores. These tertiary ores represent a chemical alteration of the

secondary ores, in effecting which distinct evidence of the participation of

the comitry-rock may be observed. The oxidized ores, among which mala-

chite and aziuite occur most frequently, contain on an average 12-9 per cent

of copper and 4-4 per cent of lead. Among what Maucher considers as

primary ores, are massive intergrowths of chalcocite, enargite, galena,

sphalerite, and pyrite, though Krusch considers these m greater part to be

cementation ores.

The distribution of the ore-minerals is such that the middle portion of

VOL. II 2d
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the deposit, the ore-body proper, consists of compact sulphide exhibiting

no drusy cavities whatever. The ore-minerals in the aphte, as long as

that eruptive rock is still recognizable, are found in greater part along

fractures ; among them linarite occurs most frequently. While in the

foot-wall portion of the deposit malachite and azurite predominate.

Concerning genesis, Macco considers that at Otavi only two possibihties

exist, namely, the deposits are either fissure - fillings accompanied by

metasomatic replacement of the dolomite, or the fillings of irregular

cavities. Maucher on the other hand endeavours to prove that the

deposit at Tsumeb is a magmatic segregation. In determining the seniority

of the various minerals he considers exclusively the question of the fusion-

point, namely, that this becomes substantially lower when sulphide

components are dissolved in each other. Stutzer concludes that meta-

somatic replacement took place and that minerahzation is to be ascribed to

aqueous solutions. W. Voit, after mentioning those characteristics which

appear to be opposed both to magmatic segregation and metasomatism,

finally sees no reason for doubting ]\Iaucher*s conclusion. Range favours

the idea of a cavity-fiUing accompanied by metasomatism as that term has

hitherto been understood, while P. A. Wagner holds a similar opinion,

beheving a replacement of the dolomitic limestone to have taken place.

According to Krusch, metasomatism midoubtedly played an important

part, though he emphasizes the necessity of distinguishing between primary

and secondary metasomatism.

Metasomatism as hitherto understood—that is primary metasomatism,

consisting prmcipally of a replacement of the Hmestone and dolomite—is

possible at Tsmneb, though proof is not at present available and can only

be obtamed by development in greater depth. In any case, according to

microscopic sHdes, the principal portion of the chalcocite does not belong

to the primary metasomatic ore -minerals, and, accordingly, secondary

metasomatic processes, that is, cementation- and oxidation-metasomatism,

must be responsible. The former at Otavi is considerably more subordinate

than the latter, and is expressed chiefly in the replacement of oli\'ine-

kersantite and to a less extent of apHte and dolomite, by malachite

and azurite. The bulk of the chalcocite however was midoubtedly

formed by cementation-metasomatism, that at Tsmneb being deposited

on galena, sphalerite, and p}T:ite to such an extent that these primary

sulphides are ahnost completely replaced. The replacement in the eastern

body was less complete and a plumbiferous ore resulted ; in the western

body the copper ore is purer. In this process the influence of the coimtry-

rock is shown by the replacement of dolomite and aphte, by ore. In the

case of the alteration of the aplite, adsorption must have played an im-

portant part since the resultant chalcocite contains kaolinized felspars.
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Reviewing all the facts there appears to be at Tsumeb a zone of

fracture along which apparently an aplite body so subsided as to form in

depth a wedge within the Otavi dolomite ; the aniomit of such subsidence

need not necessarily have been very great. The absence of all contact

phenomena speaks against an intrusion of magma in situ.

The occasionally disturbed bedding of the dolomite supports this

assmnption of a fracture zone, as does also the oblique angle, observed by

Scheibe, which the ore-body makes with the strike of the dolomite. Along

this zone the heavy-metal solutions to which the primary minerals—the

number of which is not yet fully known—owe their existence, probably

circulated. These minerals presmnably are hkewise in part metasomatic.

The oxidation and cementation processes resulted from the action of

meteoric waters, and as far as oxidation is concerned such processes are

still proceeding. It is interesting to note that the chalcocite is younger

than the frequently-observed sihcification of the dolomite.

The economic importance of the Otavi deposit may be gathered

from the following statements. At the end of the book-year 1907-1908,

apart from the irregular dolomite- and aphte ore-bodies—the so-called

sandstone ores—containing about 7-8 per cent of copper and 5-6 per cent

of lead, 313,000 tons of ore containing 16 per cent of copper and 25 per cent

of lead were proved. In the same year 25,700 tons of ore were raised,

of which 60 per cent was export ore containing about 18 per cent of copper,

approximately 30 per cent smelting ore containing 12 per cent, leaving

10 per cent as ore placed on the dump.

In that year about 15,000 tons of Tsumeb ore containing 0*035 per

cent of silver,^ 19 per cent of copper, and 23 per cent of lead, were shipped
;

while 3500 tons were smelted on the spot, this total including 2100 tons

assaying about 10 per cent of copper and 18 per cent of lead, and 1400

tons of plmnbiferous ore assaying 55 per cent of lead and 12 per cent of

copper.

During the year 1908-1909, the 13-15 m. wide deposit produced

44,250 tons of ore, of which 27,000 tons were export ore containing 17 per

cent of copper, 30 per cent of lead, and 0-033 per cent of silver ;
^ while

during the next year, 1909-1910, the production reached 49,500 tons, of

which 44,770 tons came from Tsmneb. In that year also, 33,500 tons

containing 16 per cent of copper, 26 per cent of lead, and 0-028 per cent of

silver,^ were exported.

Guchab in the year 1907-1908, produced 1800 tons of argentiferous

copper ore containing on an average 0-04 per cent of silver * and 33 per cent

of copper ; while in the following year the production was 500 tons contain-

^ 350 grm. per ton. ^ 330 grna. per ton.

^ 280 grm. per ton. * 400 grm. per ton.
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iug 29 per cent of copper and 0-032 per cent of silver.^ Klein Otavi in

the year 1908-1909 yielded 200 tons ^^^Lth 27 per cent of copper and 0-029

per cent of silver ;
^ while Gross-Otavi in the following year yielded some

ore containing 40 per cent of copper.

The Copper Deposits at Katanga ix the Belgian Coxgo

LITERATURE
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The district of Katanga in the Belgian Congo, around and within

which nimierous exploring expeditions are at present active, has become

better known since the construction of the railway from Rhodesia to

Ehzabethville. It is in the neighbourhood of this latter town that the

principal deposits are found.

The geological conditions of the district were first investigated by

Cornet, who from 1891 to 1893 accompanied the Bia-Francqui expedition.

The fundamental rocks consist of folded and in part metamorphosed

sediments and eruptives, the exact age of which, owing to the absence of

fossils, has not yet been possible of determination.

The most important copper deposit in this district is the Etoile

du Congo near Ehzabethville. This occurs, striking north -south, in

non-metamorphosed sediments, which in the southern portion of the

deposit dip steeply to the west, a dip however which towards the north

passes gradually over to one steeply to the east. The country-rock consists

chiefiv of slate, within which, marking the centre of the deposit, a porous

quartzite some 10 m. thick is intercalated. Dolomite occurs farther in the

foot-wall and hanging-wall. The slate is sometimes typical clay-slate and

sometimes more arenaceous or calcareous. It is almost invariably much

decomposed, this decomposition consisting in kaolinization or an impregna-

tion with ore. Its colour accordingly varies between white, black, green,

blue, and red.

The most remarkable of these rocks, according to Stutzer, is the

extremely hard, grey-coloured, porous quartzite which strikes parallel

with the slates. The cavities in this rock are sometimes as large as an egg.

They are filled with malachite and other copper minerals. Cr}^stal casts are

evidence of pre-existing carbonates. The dolomite is coarsely-crystalline,

1 320 grm. per ton. " 290 grm. per ton.
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merging on the east side of the deposit and in the vicinity of the ore-

bearing slate, into compact calcareous schist. On the west side it is

covered by irregular pocket-like depressions of so-called ' black ore.'

The most important minerals are chalcocite and malachite ; chryso-

colla occurs frequently, while azurite is subordinate. The chalcocite

occurs in the form of masses and compact veins in all rocks, but preferably

m the kaohnized white slate. It is also the principal constituent of the

so-called ' black ore,' this being a dark or black earthy mass coloured by
the chalcocite and containing in addition, cobalt, iron, manganese, and

some nicke}. Stutzer explains the ' black ore ' as being in part a decom-

position product of the impregnated clay-slate, and in part old mine-

filhng. This deposit in former times was worked in the most primitive

manner by the natives, who by means of small shafts sought the mala-

chite only, while using the chalcocite-ore as fiUing. This became mixed

with the other fine waste material eventually to form ' black ore.'

The second most important mineral is malachite, which occm'S along

fractures and in crevices, or as impregnations. Occasionally in the larger

cavities it forms kidney-shaped or stalactitic, beautifully banded masses.

At the southern end of the deposit a bright-coloured ore-breccia, consisting

of fragments of red slate with dark green glass-hke chrysocolla and light

green malachite as cementing materials, occurs in the red arenaceous

slates. From the banded structm'e it is seen that the chrysocolla is of

somewhat greater age than the malachite.

Azurite and chalcopyrite are micommon. The latter in the upper

levels occm's only in minute grains, while in greater depth it is more

plentiful and associated with pyrite. In addition, nmnerous secondary

copper mmerals which have not yet been determined, also occur.

Concerning genesis, this deposit, according to Stutzer, is one where the

minerals as now fomid are not in the place of their original deposition,

though any considerable migration can hardly have taken place. The
deposit consists of an extensive oxidation zone, under which follows a zone

of cementation. The primary ores were undoubtedly sulphides, though

the determination of the parent rock is difficult. Stutzer considers the

quartzite to have been the parent rock, the occurrence of this quartzite

according to him being lode-like.

If this view be correct the Etoile du Congo deposit represents the

gossan of a bedded lode containing primary sulphides and carrying as

gangue, quartz chiefly and carbonate subordinately. At the decomposition

of the primary ores solutions became formed which sank principally into

the kaohnized clay-slate, where adsorption of their heavy-metal content

took place. Smce, according to Krusch, with adsorption, replacement

also plays an important part, this deposit is closely related to that at Otavi
;
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both are large accumulations of oxidation and cementation ores, and in

both the country-rock has in the highest degree been replaced by the

heavy-metal constituents of solutions resulting from atmospheric agencies.

The large c|uantities of copper which this deposit has been estimated

to contain need confirmation.

THE PYKITE AND AESENOPYRITE LODES

As previously stated,^ the principal pyrite deposits belong not to the

lodes but to the intrusive pyrite group. Although in both cases these

are cavity-fillings, the intrusive deposits differ from the lodes in two

respects ; firstly, in the form of the occurrence, which in the case of

lodes is tabular, while with the intrusive deposits the lenticular form is

common ; and secondly, in regard to genesis. While the lode-filling owes

its existence to aqueous solutions, the intrusive deposits represent the

entrance of sulphide magma. Gradations between these two geneses

natm-ally occur, as when for instance the sulphide magma contained large

quantities of water. Arsenopyrite is frequently associated with pyrite

in lodes, the relative quantities of the two minerals being very variable,

the former sometimes predominating.

Owing to the enormous ore-reserves sometimes associated with m-

trusive deposits—the Huelva district alone produces about 3,200,000 tons

yearly, and mmes ha^ong a yearly production of 50,000 tons are classed

among the smaller occurrences—the conditions imposed upon pyrite lodes

in respect to their payabihty press very hard. The ^ddth must be great

and the material very pure in order that the occurrence may compete

with the gigantic intrusive deposits.

In consequence of the small number of pjrrite- and arsenopyrite lodes

which have yet been exploited, few facts concerning their extent in depth

are available. Seeing however that other lodes ha\ang but little pyrite

in the upper levels contain a larger amomit of this mineral in depth,^ the

conclusion may be drawn that clean pyrite lodes also may continue ore-

bearmg down to a considerable depth. Smce the market only accepts fairly

clean material, the exploitation of pyrite lodes can only be entertained

when the filling consists almost exclusively of this mineral. The usual

gangue-mineral is quartz, crystalhne carbonates being very subordinate.

The structure is mostly irregularly coarse.

With these lodes secondary depth -zones are important. In the

1 Ante, p. 301. 2 ggg copper lodes, p. 905.
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neighboiirliood of the surface and down to a depth of 20-30 m. or more,

the pyrite is frequently altered to limonite characterized by great purity.

The result is, that when developments have not proceeded sufficiently in

depth, evidence that this Hmonite has resulted from the alteration of the

sulphide ore existing in depth is only forthcoming in the characteristic

decomposition of the country-rock. In the process of oxidation the

sulphur of the pyrite is removed, while no sulphide- enrichment zone

between the oxidation and primary zones is known. The gossan, it is

true, may still contam some sulphm-, though often it is so completely free

from this element that without fm-ther thought it may be smelted for

iron. Arsenopyrite is similarly oxidized to limonite and, again, no arseno-

cementation ores are known.

The subordinate gold, silver, copper, and tin, existing as accessory

constituents of these lodes, are of great interest. Minimal amounts of

gold are often fomid. Should the gold content increase, say, to at least

5 grm. per ton, and sufficient reserves be available, such pyrite and arseno-

pyrite lodes may become payable gold deposits. The silver content of

both these pyritic sulphides frequently reaches 30-50 grm. per ton, and

may sometimes be so high that silver becomes the chief object of the mming

operations. The pyrite lodes must then be reckoned with the silver lodes.

That this may also be the case in respect to the copper content of the lode

was indicated when discussing the copper deposits ; a pyrite lode con-

taining '2-0 per cent of copper must \Nathout doubt be reckoned among the

copper deposits. In Bolivia, tin is largely associated with pyrite, a p}Tite

lode containing 7 per cent of tin being regarded as a tin lode. There are

therefore numerous gradations between pyrite lodes on the one hand, and

certain precious-metal-, copper-, and tin lodes on the other.

In the formation of secondary depth-zones this original accessory

heavy-metal content becomes concentrated as a cementation zone between

the oxidation zone—which in aU cases consists of hmonite—and the

primary zone, this cementation zone carrying either much gold or silver,

or rich copper ores such as bornite and chalcocite. Exceptionally, the tin

content in the form of wood-tin appears to be confined to the oxidation

zone.

In many cases the pyrite is somewhat arseniferous, and since arsenic

greatly depreciates the value of pyrite any analyses should always be

extended to include that element. Similarly, with arsenopyrite the occur-

rence of pyrite, which often happens, is harmful.

Large pyrite lodes are not, so far as is known, at present bemg worked,

since large concentrations of this mineral are only exceptionally fomid in

lode fissures. The mines w^orking such deposits are therefore mostly

small.
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The pyrite produced to-day in order to be first-class must contain

45-50 per cent of sulphur ; low-grade pyrite contains 40—i5 per cent,

while poor pyrite contains 35—40 per cent. Pyrite with less than 35 per

cent of sulphiu' only finds a purchaser in special cases, as for instance when
the occurrence is exceptionally favoiu'ably situated in respect to the place

where it would be applied.

The price of the p}Tite depends upon the arsenic content ; in the case

of very good pyrite it varies between 3|d. and 4M. per unit of sulphur.

Arseniferous pyrite as a rule does not fetch more than 3id. per miit.

KOTHENZECHAU IN THE RlESENGEBIKGE
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Upon the granite core of the Riesengebirge rests a belt of crystalline

schists overlaid by so-called green schists and clay-slates. This belt has

been so much altered by contact-metamorphism that the geological age

of its members can no longer be determined with certainty, though the

discovery of Graptolites in some places would indicate Silmian. Within

this belt the deposits at Kupferberg,^ Rohnau, 5 km. farther south, and

Rothenzechau, 11 km. still farther south, are fomid. The last of these

three, worked in the Evelinens Gllick mine, is marked upon the surface

by a large number of old workings which may be followed for about 500 m.

along the strike.

The Rothenzechau hills consist of mica -schist, hornblende -schist,

crystalline hmestone, cordierite - gneiss, quartzite, and schistose con-

glomerate. All these, as may be observed in the new workings, strike

north - east, are steeply inclined, folded, and crossed by numerous

disturbances.

Five different ore-bodies are known, all of which, generally speaking,

occur in the hornblende-schist. Those in the Deep Adit he between

mica-schist and contact-metamorphosed rocks on. the foot-wall, and

hornblende-schist on the hanging-wall. The strike and dip coincide in

general with that of the hornblende-schist. Sometimes the separation

between ore-body and comitry-rock is sharp, while at other times these

1 Ante, p. 402.
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two merge gradually into each other. The width of the payable ore-body

varies between 0-5 and 3 metres.

The valuable content is irregularly distributed and consists principally

of arsenopyrite and pyrrhotite. The richest arsenopyrite contains 45 per

cent of arsenic. The ore as it is mined contains on an average 35 per cent

of mineral with 27-28 per cent of arsenic, 2^ grm. of gold, and 40-60 grm.

of silver per ton. Pyrite and marcasite are scarce
;
galena and sphalerite

very rare. The pyrrhotite contains no cobalt or nickel, but some chalco-

pyrite.

The nature of the deposit has not yet been definitely determined. It

is probable that two occurrences occur here side by side, one lode-like

and the other contact-metamorphic. If this be so the pyrite deposit at

Rothenzechau would occupy an intermediate position between the lodes

and the true contact-deposits at Reiehenstein.

THE METASOMATIG PYRITE DEPOSITS

Metasomatic arsenopyrite deposits are unknown. The economic

factors mentioned at the beginning of the discussion of pyrite and arseno-

pyrite lodes apply in general also to this group. These deposits were

formed by the replacement of Umestone and dolomite—and to a small

extent also of other rocks—constituting the comitry-rock of pyrite lodes.

In this metasomatic origin hes their material difference from the

lodes. Where the replacement of the limestone was extensive, large

bodies of pyrite were formed, which, as regards size, may, to some extent

at least, be compared with the smaller intrusive pyrite deposits. The

form of these occiu-rences is that of the beds they have completely replaced.

From the view of genesis, all gradations between the lode- and the bedded

form may occur. Since however it is economically only possible to exploit

the large occurrences, the incomplete non-bedded replacements are of no

significance.

From the nature of these deposits no great extent in depth is as a rule

possible, though a subsequent tilting of the beds, either before or after

their alteration, may take place and brmg greater depth into question.

Possible primary depth-zones can however only have reference to the

conditions of original bedding.

The material of the deposit varies but httle. Frequently pyrite

or marcasite is fomid exclusively ; other sulphides are rare or very

subordinate. The most frequent gangue-mineral is barite, which occurs

either intimately intergrown with the pyrite, or, as is the case at
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Meggen, replaces it locally, the pyiite in places gradually merging into

barite. In sucli cases tlie difficult question arises, whether the barite

is younger than the pyrite, or whether the hmestone was first replaced

by barite and this in turn by pyrite ; or whether both are contem-

poraneous.

Of the secondary depth-zones, the formation of gossan is only kno\\Ti

in such cases where the deposit comes to sm-face. Should there be a low

precious-metal content in the pyrite, a precious-metal cementation zone

may occur immediately mider the gossan. Such a content has generally

otherwise no significance. The gossan may have been considerably

increased by oxidation-metasomatism, so that its thickness must not

without further examination be taken as indicative of the strength of the

primary deposit below.

An important deposit of this kind is now being worked in two mines

at Meggen in Westphalia. The ore there is not particularly rich but owes

its payability rather to the favoiuable economic position of the deposit.

Similar occurrences are found at Schwelm in Westphaha.

Meggen
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The pyrite deposit at Meggen occurs in the Attendorn-Elspe double

synchne of the Lenne slate in Middle Devonian limestone, the geological

investigation of these beds having been taken up principally by Denckmann
and Henke.

According to Denckmann, the limestone forming the hanging-wall

of the deposit consists of two horizons, of which the lower, from fossil

evidence, belongs midoubtedly to the uppermost ^Middle Devonian,

while the upper is representative of the lowest Upper Devonian

;

within this hmestone complex therefore hes the bomidary between Middle

and Upper Devonian. Above the lowest Upper Devonian, which is cal-

careous in natm'e, foUow the Biidesheim slates of the lower Upper Devonian ;
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while above these again, unconformably, comes the so-called Fossley

formation, which embraces the clay-slates and sandstones of the upper Upper

Devonian. The foot-wall of the deposit consists of the Lenne slate, the

relative age of which here has not yet been definitely determined.

Tectonically, this ore-bed belongs to a fairly complex system of folds,

the double syncline being accompanied by a number of secondary anticHnes

which have suffered such considerable denudation that the corresponding

synclines now frequently appear as independent units.

The folds strike north-east, the hmbs to the south-east being often

steep in the neighbom-hood of the deposit, while those to the north-west are

often flat. In Fig. 394 a gromid plan and section showing the geological

position of this deposit are given ; in strike and dip it follows the country.

The filhng consists partly of pyrite and partly of barite, these minerals

appearing to replace each other to such an extent that the barite, which

occurs principally in the hanging-w^all, may sometimes occupy the entire

thickness. Generally speaking the pyrite predominates in the middle portion

of both north-east striking flanks, west and east of Halberbracht, while

the south-west and north-east continuations of this middle portion consist

of barite. The pyrite mass, usually about 4 m. thick, has been followed

along the strike for more than 2h kilometres. While the lower portion is

irregularly coarse in structure, the upper appears to be banded and to

consist of an alternation of pyrite with thin clay-slate seams. One of

these seams, 10-30 cm. thick with pyrite finely impregnated throughout,

frequently occurs at the contact of the pyrite bed with the hanging-wall

Hmestone. Chalcopyrite and galena occur subordinately ; they are fomid

principally to the east where numerous transverse fractures occur, along

which the younger lead-copper solutions probably circulated.

The replacement of the pyrite by barite has taken place in the east,

south-east, south-west, and west, to such an extent that the pyrite bed

gradually pinches out, and a barite bed, which increases in thickness till it

finally reaches 6 m., takes its place. The lowest barite layers m the im-

mediate neighbourhood of the pyrite contain narrow pyrite stringers. The

barite here is either dense or spheruhtic. Along the steep south flank

decomposed pyrite occurs at the surface, the border of barite, owing to

erosion, being absent. To the north-west the ore-bed is overlaid by

yomiger beds, so that in this direction the fine between the pyrite and

barite is not yet known.

The deposit is traversed by numerous small disturbances which, since

they afiect the general position but little, cannot be expressed in the

section given in Fig. 394. On the other hand, a powerful overthrust

somewhat north-east of the deposit and indicated in that figure, is of great

importance.
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At Bonzel, a 4 m. thick limestone mass containing disseminated pyrite

crystals occupies the place of the pyrite bed. With an increase in the

amount of p3'rite this bed in places probably becomes a body of clean

pyrite.

With regard to genesis, Henke's conception deserves consideration.

This authority sees in the deposit a large pyrite lens bordered by barite,

which has been folded with the country. According to this idea the

possibility exists that the barite was formed later than the pyrite,

and the deposition of the barite followed upon the decomposition of

the pyrite around its borders. Henke regards it as conceivable that

this replacement took place simultaneously with the hmestone, which

on the Eickert lies 4-3 m. above the deposit and contains 1-2 per cent

of finely distributed barite. If this were so, the occurrence would be

a true ore-bed accompanied by subsequent surface decomposition and

replacement.

The possibility of such a genesis is not to be denied. It is still more
probable however that the deposit is a metasomatic replacement by pyrite

and barite of an original Middle Devonian limestone bed. The gradual

increase of the barite while the thickness of the bed remams practicallv

constant, and an occurrence at Bonzel where in the place of the

pyrite bed a 4 m. thick hmestone ^vith disseminated pyrite crystals

occurs, support this view ; in addition, experience has shown that else-

where in the Rhenish Schiefergebirge, Middle Devonian hmestones have

been altered to pyrite. Fm'thermore, it must be considered that in nature

barite occurs far more frequently as lode-filling and in metasomatic

deposits than in true beds. Finally, the fact that in this occurrence pure

barite only occurs associated with pyrite, while the other decomposition

products usually fomid as the result of processes in which sulphm'ic acid

and sulphurous salts were active, are absent, opposes Henke's theory of

the barite formation.

The deposit at Meggen has been worked sirice the year 1845. The
two principal mines at the present day are Siziha and Siegena in Miisen,

which in 1910 yielded together 185,328 tons of p}Tite. This occurrence

in spite of its small size is of censiderable importance in Germany, since

in that comitry only about 250,000 tons of pyrite are produced annually.

In relation to the world's production, however, it plays but a small part.

The average pyrite content of the ore as it is mined is low, reaching

only 34 per cent. This can be raised by hand-sorting to about 42-6 per

cent, though by so doing about one-fifth of the weight is lost.

The deposit on the Rote Bergen at Schwehn belongs also in part to

the metasomatic pyrite deposits. The massive limestone at that place

has been altered not only to zinc oxidized ore but also in part to marcasite,
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the replacement having been so gradual that the form of the corals

is retained. In this alteration the faults occm'ring at the contact of

the massive limestone and Lenne slate midoubtedly played an important

part.

THE NATIVE COPPER DEPOSITS

To this group belong the calcite- and zeohte-bearing occurrences of

native copper associated with basic eruptive sheets—diabase and melaphyre

—at Lake Superior in Michigan, as well as a nmnber of mineralogically

and geologically similar but unimportant deposits. The copper sandstone

of Corocoro, etc., in Bohvia, which in many respects resembles the copper

conglomerates of the Lake Superior district but carries no zeohtes, occupies

a place by itself.

The Lake Supeeior District
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The Keweenawan series, named after the peninsula of that name,

belongmg to the Algonkian, consists in its lower portion of conglomerates,
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sandstones, and slates, free from eruptives. In the Middle Keweenawan a

period of violent eruptivity began which left its impression upon the whole

Lake Superior district. During this period plutonic rocks such as quartz-

and orthoclase-bearing gabbros were formed, though not t'o so great an

extent as tremendous eruptive sheets consisting essentially of basic rocks,

but subordinately also of such acid rocks as felsite- and quartz-porphyry.

These basic rocks contain mostly 48-50 per cent of SiO., ; they carry

olivine, augite, and plagioclase, and may in greater part be described as

diabase and melaphyre. The thickness of the individual sheets varies from

ten metres to several hundred metres ; their sm'face is characterized by

the presence of numerous vesicles due to an original high gaseous content.

Between these eruptive sheets, conglomerates containing boulders of

felsite-porphyry and diabase generally 1-8 m. in diameter though some-

times larger, were deposited.

At Portage Lake, where the most important mines are situated, this

eruptive and conglomerate formation reaches a thickness of 13,680 feet,

of which 2125 feet are occupied by twenty-two conglomerate beds, while

the eruptive sheets are responsible for 11,555 feet. At other places these

sheets are still thicker.

The Upper Keweenawan consists prmcipally of sandstones and slates,

which in the neighbourhood of Portage Lake reach a thickness of about

9000 feet. The whole Keweenawan series on Keweenaw Point is

separated from the Cambrian sandstones by a huge fault.

The eruptive sheets with the accompanying conglomerates form

together a syncline, the central portion of which is covered by Lake

Superior. Including the extent under the bed of this lake and some

areas now denuded, the Keweenawan formation has a superficial extent

of roughly 75,000 sq. km., or an area equal to that of Bavaria. The total

volume of the eruptive masses included therein has been estimated by

Van Hise and Leith at some 54,000 cubic miles, and this district accord-

ingly is one of the largest eruptive regions in the world.

The large copper deposits of this district are associated with the

Middle Keweenawan which, as shown, consists so largely of these lava

flows. The copper occurs in various forms, these being connected with

one another by gradations. The following forms of occm'rence may be

differentiated :

1. Lodes containing chiefly calcite, usually 0-5-1 m. wide, which

traverse the diabase, etc., vertically. Blocks of copper up to 420 tons in

weight have been encountered in these ; as a rule however such fissm'e-

fillings are poor and irregular. They are fomid principally on the extreme

point of the Keweenaw Peninsula, where, especially in former years, they

were vigorously worked. The chief mines were, Central Chff , with a vertical
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depth of 1600 feet, Phoenix, and Copper Falls. To-day the exploitation

of this type of deposit has practically ceased.

2. Cavity-fillings in amygdaloidal melaphyre or diabase, chiefly where

these are scoraceous and coarsely vesicular. Such sections are locally known
as ' ash-beds '

; they represent the original siu'faces of the lava flows. The

eruptive rock in the neighbourhood of the deposits is always greatly decom-

posed. The copper is associated with calcite, quartz, prehnite, etc., which

minerals frequently not only fill the vesicles but occur also in veins. The

mineral-association of the amygdaloid beds, which are frequently 2-5 m.

FiG. 395.—Map of the Lake Superior district. Irving. The Keweenawan formation is indicated

by lines roughly parallel to the strike, while the assumed boundaries in the lake ore are indicated

by dotted lines.

C=CahimPt ; P = Portage Lake ; Out. --Ontanoj^on ; while the different ranges indicate the iron districts.

and exceptionally 12 m., thick, is somewhat variable, but not so variable

as that of the lodes. The comitry aromid Houghton and Calmnet in the

centre of the Keweenaw Peninsula, is especially characterized by this

type of deposit. In this locaHty the Middle Keweenawan forms a north-

east striking zone, with a horizontal width of 8-10 km., the beds of which

dip 35°-55° to the north-west. In this zone, from hanging -wall to

foot-wall, the foUowmg ' amygdaloid lodes ' are known : the Atlantic,

Pewabic, Osceola, Kearsarge, Arcadian, and Baltic amygdaloids, these

being separated from one another by bands of mipayable material 50-

200 m. in thickness.
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3. Impregnations in the porphyry conglomerates lying between the

lava flows. The copper in these deposits occiu's with calcite, epidote,

chlorite, etc., as the cement or matrix between the pebbles, these mostly

varying from pea- to nut size. It is interesting to note that these

pebbles in the process of impregnation have in part become completely

replaced by copper. Flakes of native silver are fomid here and there,

though as the native copper itself is almost entirely free from silver the

relative quantities of these two metals is at most 1 of silver to 1000 of

copper. Small amomits of whitneyite, Cu^As, and domeykite, CugAs,

occur as mineralogical rareties ; a few sulphides have also been found in

minute quantities. The fm-nace copper, among other things, contains

some arsenic, which in the case of the Calimiet and Hecla increases some-

what in depth.

The native copper is accompanied principally by calcite, quartz,

prehnite, and lamnontite, but also by analcime, apophylhte, natrolite and

JVW

Cahunet

IS 13 _!!_ ^-

Upper Keweena- Lower Keweenawaii ; Hiui)tivt> .sheets, thickly dotted ; con^doiiierates,
wau

;

red sand- lightly dotted ; and co]iper deposits, dark lines, the most important
beins numbered.

stoues and con-
glomerates.

Fig. 396. —Section through the middle section of the Keweenaw peninsula near Calumet.
Irvina-. 1883.

other zeohtes, orthoclase, datolite, epidote, and delessite, a chlorite mineral

;

minerals other than these occur in quite subordinate amomit. It is

particularly associated with what is known as ' green earth,' this being

a mixtm'e of delessite and ferric oxide.

The copper content of the above-mentioned porphyry conglomerates,

though usually not very high, is particularly interesting. The famous

Calumet and Hecla conglomerate, in respect to its tenor, is an exception,

as is also the Allouez conglomerate—known sometimes as the Boston

and Albany—this being payable in places. The first-mentioned had
near its outcrop a thickness of about 13 feet, which increased in depth

to 20 feet. The average copper content in the upper levels was 2-3 per

cent and occasionally somewhat more ; below the 750 m. level how-

ever this diminished, till below the 1000 m. level the average content

was only 1-3-1 -7 per cent. These conglomerates, as illustrated in Fig. 396,

dip 35°-55°.

By far the greater number of the Lake mines at present workijig,

exploit the above-mentioned amygdaloid lodes. Of the total production,

VOL. 11 2 E
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the Calumet conglomerate has latterly been responsible for about 27 per

cent, while the amygdaloid lodes have contributed almost all the remainder.

Nearly all the present-day mines are situated near the towns Houghton

and Calumet in the neighbourhood of Portage Lake, mthin an area 25 km.

long and 3-4 km. wide ; some are found farther north on the Keweenaw

Peninsula and at Ontanogon south-west of Portage Lake.

Similar deposits are found on Isle Royale in the Upper Lake, and at

many other places within the Keweenawan formation, as for instance in the

Douglas comity of the neighbom-ing state of Wisconsin, and in Minnesota.

Geologically, therefore, this type of deposit has a wide distribution. Only

the mines on the Keweenaw Peninsula however are of any importance.

Some of the Lake deposits were worked by the Indians before the

coming of the white race. Exploration work on a small scale was carried

on by Europeans in the seventeenth and eighteenth centm'ies. The

present industry began in the middle of the 'forties. It developed so

rapidly that, soon afterwards, the Lake district ranked among the most

important copper districts of the world. Its total production, and that

of the Calumet and Hecla mine which began in 1867, have at different

periods been as follows :
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copper content of 1-26, 1-10, and 1-06 per cent, respectively. The Calumet

conglomerate during these years contained 2-00, 1-69, and 1-60 per cent

;

and the mines working cupriferous amygdaloids 0-96, 0-88, and 0-88 per

cent of copper, respectively. Some mines have exploited ore containing

only 0-6 and 0-7 per cent. Gradual diminution of the copper content in

depth has been the invariable experience.

Owing to the large production, the relatively low copper content

of the ore mmed, and the comparatively short distance the ore-body

extends along the strike, the principal mines quickly attained consider-

able depth. The deepest shafts of the Calmnet & Hecla and Tamarack

mines in July 1909 were 4920, 5253, and 5363 feet, respectively.

Several of the shafts are inchned at an angle of about 40°, so that their

depth along the dip may reach as much as 8500 feet. The Quincy mine,

which exploits one of the amygdaloid lodes, reached m 1910 an inchned

depth of 5280 feet, equivalent to a vertical depth of 4008 feet.

In tills district the temperature increases in dejjth remarkably slowly,

namely, only about 1° C. for every 200 feet of vertical depth. At a vertical

depth of 5000 feet the temperature of new development ends is only

about 38°, and that of well-ventilated stopes only 27°-30° C.

The ore is treated in greater part for concentrate containing 65-90

per cent of copper, which is refined direct in the reverberatory furnace.

In process of this concentration a considerable amount of shme containing

25 per cent of copper is recovered, which after being briquetted is first

smelted for blister copper and then refined. The cost of production in

the more important mines has of late years been 8-77-9-5 cents per lb.

of copper produced, or £40 : 10s.-£44 per ton. Of this cost, 62 per

cent is incm'red in mining, 23 per cent in dressing, and 15 per cent in

smeltmg.

The Calumet & Hecla Company had up to 1910 altogether paid

£23,200,000 in dividends, or roughly £22 : 10s. per ton of copper. Financi-

ally speaking, the good time for the Lake mines is now probably over,

the Calimiet & Hecla mine having almost completely exhausted its con-

glomerate down to a vertical depth of 3600 feet, while the Qumcy mine

is now working at depths of 2750 to 3250 feet. The Calumet & Hecla,

which formerly produced at the rate of 10,000 tons of copper per metre

of vertical depth, now at a depth of 3600 feet only produces roughly

1000 tons, equivalent to about 700 tons per metre of inchned depth.

The conglomerate bed is at present worked for a horizontal length of

2500 m. and an average horizontal thickness of about 7 m., while on an

average it contains about 2 per cent of copper. From these data also, and

assuming 2-9 tons of ore per cubic metre, almost exactly 1000 tons of

copper per metre of vertical depth would result.
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Mineralogically and geologically similar occurrences, though, con-

taining but little copper, have been discovered in many other places.

Native copper, for instance, has been fomid on at least six of the Faroe

islands, these islands consisting principally of fiat late Tertiary basalt

sheets. In this occurrence the copper occurs associated with calcite and

different zeolites—such as heulandite, desmme, mesolite, more rarely

chabasite, apophyllite, and gyrolite—in vesicles within the basalt. Accord-

ing to Cornu, the native copper was formed first and the zeohtes later.

Occasionally the copper occurs also as a secondary deposition in a basalt

breccia, and in tuffs between the flows. It is never accompanied by

sulphides. On the other hand, some cuprite, malachite, and chrysocolla,

have often been formed secondarily from the copper. ^ This occurrence

of copper in the Faroe islands was first mentioned by L. J. Debes,

Copenhagen, 1673.

Similar occurrences of native copper, associated with calcite and

prehnite in narrow vems and in vesicles, are found in the sheets of

essexite-porphyrite and essexite-melaphyre at Guldhohiien near Moss,

Lovoen near Horten, Skredhelle near Skien, etc., in the Christiania district.

Further, the occurrence of native copper and prehnite in mela-

phyre at Oberstein on the Nahe, in diabase at Stirling in Scotland, in

amygdaloidal trap in Alaska,^ and in andesite in eastern Serbia,^ are also

worthy of mention.

Concerning genesis, it is accordingly worthy of note that the consider-

able number of native copper occurrences scattered throughout the world

are mineralogically and geologically very similar. It is common to all that

they are associated with basic eruptive rocks, and especially with flows of

melaphyre, diabase, essexite-porphyrite, dolerite, basalt, and exceptionally

of andesite. Such an association justifies the general conclusion that the

copper must in some way or other be genetically connected with these

basic eruptives. The characteristic mineral-association, including as it

does, calcite, epidote, chlorite, prehnite, and other zeolites, points to

deposition from an aqueous solution the temperature of which did not

reach the critical temperature of water, 365° C.

Van Hise and Leith in 1911 pointed out that many of the associated

minerals, such as prehnite, epidote, chlorite, and lamnontite, contain

alimiina, and that alumina is either not soluble in cold water or only in

very small amomit. From this fact they conclude that the solutions had

1 F. Cornu, ' Uber das gecliegen Kupfer in den Trappbasalten der Faroeinseln,' Zeit.

f. prali. Geol., 1907, p. 321.

2 A. Knopf. ' The Copper-bearing Amygdaloids of the White River Region, Alaska,'

Eco7i. Geol. v., 1910, p. 251.

3 M. Lazarevic, ' Ein Beispiel der " Zeolith-Ku^ifer-Formation " im Andcsit-Massiv

Ostserbiens,' Zei(. f. prakt. Geol, 1910, pp. 81-82.
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a high temperature. These authorities come Hkewise to this conclusion

from a study of the decomposition of the country-rock ; with these deposits

the usual phenomena of weathering are not fomid, but decomposition such

as can only be explained by the action of hot solutions. Pmnpelly believes

the copper to have been originally leached from the sandstone forming

the hanging-wall, and that the cupriferous solutions represent descension

solutions. With the latter portion of this view Lane agrees. Against

this, Van Hise and Leith emphasize the fact that deposition from hot

solutions postulates ascension, such as must have taken place im-

mediately after the extrusion of the large basic sheets. When it is

also remembered that these sheets, not only in the Lake district but

also in the small analogous occurrences elsewhere, are characterized by a

strikingly large nmiiber of vesicles due to the high gaseous content of the

magma, and, furthermore, that the large mines of the Lake district exhibit

distinct ore-shoots which usually do not coincide exactly with the dip,

it may, with Van Hise and Leith, be concluded that the solutions were

in greater part juvenile and arose at the consolidation of the basic

rocks ; meteoric waters which would have become heated during their

passage through the heated rocks probably played but a subordinate part.

Such juvenile solutions would accomit also for the boron- and fluorine

contents of the datohte and apophyllite, etc., two minerals especially

characteristic of the copper occurrence at Lake Superior.

The native copper of the Lake district and of analogous occurrences

was in all probabihty deposited fairly simultaneously with the associated

minerals, though in different districts a certain paragenetic seniority may be

formulated. For the Lake Superior district Pumpelly gives the following :

(1) chlorite and some lamnontite, (2) laumontite, (3) laumontite, prehnite,

and epidote, (4) quartz, (5) calcite, (6) copper and calcite, (7) calcite,

analcime, apophyllite, datohte, and orthoclase ; in this sequence the

different generations somewhat overlap. In the Faroe islands the

zeohtes, according to Cornu, are younger than the native copper.

For the andesite occurrence in Serbia, Lazarevic gives the following

sequence : (1) copper, (2) chabasite, (3) apophylhte, (4) calcite, (5)

cuprite, (6) chrysocolla and malachite, and fuially several minerals formed

secondarily from the copper. Here therefore the copper is older than

the zeohtes, while in the Lake district some of the zeohtes are older than

the copper.

In regard to the mineral-association, the vesicular filhng of the ' ash-

beds ' of the diabase, etc. in the Lake district, and of the associated rocks

of the other occurrences, is generally speakmg identical with the ordinary

vesicular filhng of basic eruptives, the only difference being the copper

content. The formation of these copper deposits is therefore a special
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case of the zeolitization of basic eruptive sheets.^ In harmony with this

conception Beck later termed this group the zeohtic copper deposits.

The basic eruptive rocks in general invariably contain copper,^ though

naturally in very small amomit, and some sulphiu". From the mutual affinity

of these two elements Vogt considers that in the magma and m the con-

sohdated rock the copper occurs preferably as a sulphide, such as

chalcopyrite, chalcocite, etc., and only subordinately associated with the

sihcates. This small sulphide copper content would easily be extracted

by solutions contaming ferric salts, such as FeClg, Fe.,(S0)3, etc., according

to the formula : CuS + 2FeCl3 = CuCla + 2FeClo + S,^ while any silver present

would also go into solution. A very low copper content in the basic

magma or rock would mider these conditions be quite sufficient to account

for even large deposits.

The total thickness of the copper-bearmg conglomerates and amyg-

daloid beds at Portage Lake is some 25 m., the average copper content of

this thickness being 1-5 per cent. The basic eruptive sheets on the other

hand have together a thickness of nearly 4000 metres. Had the copper-

bearing beds an uninterrupted extent, an average copper content equivalent

to 0-0094 per cent in the basic sheets would be sufficient to supply the

whole of the copper in the deposits. But, since these beds in relation

to the whole complex extend only a short distance along the strike, a

small fraction of 0-0094 per cent would amply suffice for the enormous

quantity of copper in these deposits.

With regard to the precipitation of the copper in the native state, it

was formerly considered that electrolytic processes had brought this about.*

Such a view however, would necessitate the assmnption that a cathode

existed in each individual vesicle, etc., which seems somewhat mireasonable.

The view put forward by Pumpelly in the 'seventies that the copper

was precipitated by reduction, is probably more apt. Minerals containing

ferrous oxide, such as magnetite, augite, etc., have a reducmg effect.

The native copper frequently fomid in the oxidation and cementation

zones of various deposits was formed in this manner. In the case of

the Lake occurrences this view is supported by the kernels of magnetite

found here and there enclosed in native copper, and by the large amomit

of iron oxide, in the form of friable haematite, fomid in the immediate

\dcmity of the copper. This oxide is so considerable in amomit that it

colours the battery water brick-red and forms large deposits in the lake

below the battery.

A few years ago H. N. Stokes ^ by means of experiment estabhshed

the fact that ferrous sulphate, reS04, at a temperature of 200° C. pre-

^ Vogt, Zeit. /. prakt. Geol, 1899, p. 13. "- Ante, p. 158. ^ Ante, p. 216.

* Foster and Whitney, 1850. ^ Econ. Geol, 1906, Vol. I. p. 647.
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cipitates metallic copper from a solution of copper sulphate, iron oxide

being simultaneously formed by hydrolysis of the ferric sulphate.^ G.

Fernekes - later showed that chlorides at a temperature of 200°-250° behave

similarly, the following formulae probably representing the reactions :

1. •2FeCl2 + 2CuCl2=2CuCl + 2FeCl3.

2. 2FeCl2 + 2CuCl = 2Cu + 2FeCl3.

3. FeCl3 + 2H20=Fe(OH)2Cl + 2HCl.

The basic iron chloride after a time becomes altered to iron oxide and

hydrochloric acid. In the experiments, in order to neutralize this acid a

small amount of easily affected silicate, such as prehnite, was added.

From these facts the general conclusion may be drawn that all ferrous

compomids, not only minerals but also dissolved salts, at a sufficiently

high temperature and given time enough, precipitate metalhc copper

from solutions, with the simultaneous formation more particularly of iron

oxide. Thus Pumpelly's theory becomes expanded.

The flakes of native silver occurring on the copper are probably the

result of galvanic precipitation, according to the formula : Cu + AggSO^ =
Ag2 + CuS04.3

The whole process resulting in the deposition of native copper may
accordingly be depicted in the following manner : Heated solutions contain-

ing copper salts, carbon dioxide, sihca, alkahes, etc., as well as some boron

and fluorme, penetrated certain porous beds, sometimes taking advantage

of fissures along which the country-rock then became decomposed. At first,

chlorite more especially, and some epidote, prehnite, etc., were formed
;

then, during a second stage, the copper more particularly was precipitated,

principally by ferrous oxide ; while finally, the deposition of the bulk of

the alkaline zeohtes and calcite followed.

The decrease in the copper content in depth is a primary factor depend-

ing upon the physical-chemical laws governing the precipitation of copper

from solution ; it has nothing to do with secondary migration.

The mine waters associated with the Lake occurrences are character-

ized by containing a striking amomit of the chlorides CaClg and NaCl.

This would indicate that the solutions from which the copper was
precipitated contained much chloride, and that the metal was originally

present in greater part as chloride. The almost complete absence of

sulphides in these occm-rences indicates that the solutions contained no
sulphates, or only traces. Lane has put forward the hypothesis that the

chloride waters of the Lake mines represent fossil lake- or desert waters,

which filtered from above and on their way extracted the copper from the

basic rocks. On general geological gromids this view cannot be endorsed.

1 Fe2(SO^)3. 2 Econ. Geol, 1907. 3 Ante, p. 139.
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CoROCORO IN Bolivia
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In addition to tlie occurrence at Lake Superior, native copper is

also found in considerable amount in copper-sandstone at Corocoro in

Bolivia—17° south latitude and about 4000 m. above sea-level—as well as

at numerous other places in that comitry between 16° and 22° 42' south

latitude. The principal district hes in the inter-Andean plateau of the

BoUvian Cordilleras. Here the copper occurs in a red ferruginous sand-

stone—described by Steinmann as Puca sandstone, ' puca ' meaning red

—

belonging to the Cretaceous. In addition to native copper, some native

silver, domeykite, subordinate chalcocite, and a few other sulphiu--,

arsenic-copper-, and silver ores, also occur. Some selenite, barite, and a

sparing amount of calcite, are found as associated minerals.

The copper at Corocoro—coro meaning copper—occurs principally

as an impregnation in some twenty sandstone and conglomerate beds,

mostly 1-2 m. thick. This cupriferous complex occurs in a zone 3^ km.

long and 2 km. wide following a large fault-fissm-e, and has a total thickness

of several hmidred metres. The deposits however are neither conformable

in general nor in detail. Narrow veins of native copper and pseudomorphs

of native copper after aragonite, according to Sundt and Steinmann, prove

midoubtedly that the copper is epigenetic. It is evident that, just as

with the conglomerates and amygdaloids at Lake Superior, the copper was

deposited from solutions w^hich satm-ated certain porous beds.

In the neighbourhood there is an occurrence of diorite, and Steinmann

suggests that this eruptive rock also extends under the copper deposit.

Like the mine waters of the Lake mines which, according to Lane, in depth

contain chlorides, those at Corocoro also are rich in chlorides of the alkalies

and alkaline earths.

The copper-sandstone is red and ferruginous, a fact which points to a

reduction process similar to that postulated for the Lake mines. Cm'iously

enough, however, the sandstone in the immediate neighbourhood of the

copper is bleached or faded, a reduction from Fe.^Og to FeO having taken

place. Steinmann supposes a partial oxidation of Cu.^S by Fe.^Og to have

taken place, whereat the sulphm- only was oxidized, the copper remaining

as metal. Such an explanation however appears very questionable.

Corocoro was originally worked by the Incas, an Indian race. The

mines then lay idle for some time, and only after 1832 was continuous
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Avork resumed. In 1867 they were 100 m. deep. The yearly production

of copper durmg the last thirty years, as given in the copper statistics of

H. R. Merton & Co., has been 2000-2500 tons. According to Steinmann it

has at times been somewhat higher than this ; in 1902 for instance it was

4200 tons.

Copper-sandstone is also being worked for copper at Chacarilla, 50

km. south of Corocoro, and at Cobriros, situated in 20° 15' south latitude.

THE COPPER PRODUCTION OF THE WORLD AND ITS DISTRI-

BUTION AMONG THE VARIOUS CLASSES OF DEPOSIT

LITERATURE

For the period after 1879 the annual copper statistics of H. R. Merton & Co. of London
were principally used ; and for the period before that time, chiefly B. Neumann, Die

Metalle, Halle, 1904 ; cited on p. 644.—J. H. L. Vogt. ' Die Geschichte des Kupfers,'

Christiania, 1895, with resume under the title of ' Die Statistik des Kupfers,' Zeit. f. prakt.

Geol., 1896, i^p. 89-93. H. Wencker"s work, ' Die wirtschaftliche Bedeutung der Kupfer-

erzlagerstatten der Welt in den Jahren 1906-1910 mit besonderer Beriicksichtigung der

genetischen Lagerstattengruppen,' Bergwirtschaftlichen Zeitfragen, Part 3, Berlin, 1912,

only ajjpeared when this book was in the press.

The copper statistics from 1850 onward are regarded as fairly

accurate, and reliable statistical material also exists for the earlier period,

at least for the majority of the large w^orks. The total production before

1600 was certainly more than 1-1-5 million tons, and may be put at about

2 million tons.

Total Copper Production and Average Price of Copper

Years.
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about £2,900,000,000,1 and that of silver at about £2,500,000,000.2 As

much copper was produced in the last twenty-five years, that is since

1885, as in the previous eighty-five years of the nineteenth centiu'v, or

in all the former centuries together.

The copper production of the individual countries may be gathered

from the following table :

Annual Copper Production (output from mining operations)

p fMansfeld
^ (^Elsewhere

Austria .

Hungary, including Bosnia,

Serbia
Sulitjeima

(^ Elsewhere
England
Sweden .

Eussia-Siberia

Spain-Portugal
Italy

Turkey .

In Long Tons.

1880.

Norwaj'

9,800
1,000
470

820

2^426

3,662

1,074

3,300
36,313

1,380

1890. 1900.

15,800
],825

1,210

300

1,390
935
830

4,800
51,700

2,200

18,390
2,020
865

490
2,220
1,715
650
450

6,740
52,872

2,955
520

1905.

19,565
2,595
1,175

150
3,195
3,110
715
550

8,700
44,810
2,950
700

1910.

19,995
4,715

2,130

4,955
4,925
5,500
500

2,000
22,310
50,255

3,220
600

Mexico

Canada .

Boleo
Elsewhere

Newfoundland
United States

Lake District

Montana
Arizona .

Elsewhere

50

400
1,500

25,010
22.200

2,810

3,050
3,450
875

1,735
116,325
44,450
49,560
15,945

6,370

8,500
11,050
11,000

1,900
263,502
54,111
114,144
49,447

40,800

20,535
10,185
54,255
2,280

389,120
97,770
142,490

99,490
49,370

25.715

12,795
46,030
1,080

484,890
97,770
128,770
132,625
125,725

Argentina
Bolivia, Corocoro
Chili

Peru
Venezuela
Cuba

300
2,000

42,916
600

1,800

150
1,900

26,120
150

5,640

75
2,100

25,700
8.220

155
2,000

29.165
8,625

300
2,500

35,235
18,305

3^475

South
I
Cape Copper Co.

Africa (^Namaqualand .

Remaining part of Africa

5,038

"soo

5,000
1,450
120

4,420
2,300

5,025

2,300
415

4,405
2,500
8,300

Japan
Australia

3,900

9,700
15,000

7,500

27,840
23,020

35,910
33,940

46,000
40,315

Totals

Price per ton, Chilian bars

154,000

£63

269,500 479,500 682,000

£54 £73i £69

852,950

£571

The total production up to the end of 1910 is distributed among the

different comitries as follows :

Ante, p. 644. Ante. pp. 647, 648.
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United States, since 1845
Spain and Portugal . . . about
Chili 1

Japan
Cornwall
Germany
Russia-Siberia

Australia, since 1844 ^

Mexico, only since 1879
Sweden, since about 1220 . . about
Austria-Hungary .

Canada, only since 1879
Norway, since 1631
South Africa^
Peru I in general since 1879 ; Italy and
Bolivia

|

Bolivia also earlier

Italy j 1

6,900,

2,600,

2,500
1,250

1,100
1,000

1,000
800
660
550,

333,

300,

225,

200,

125.

70.

85,

.000 tons.

000
.000

000
,000

.000

,000

.000

.000

000
333
000
000
000
000
000
000

This table makes a total of about 19,750,000 tons. To it must be

added the earher production of Italy, Bohvia, Cape Colony, etc., as well as

the production of Tm-key, Serbia, Newfomidland, Cuba, Venezuela, etc.

The United States during the period 1845-1850 produced only about

2500 tons ; 1851-1875, 214,000 tons ; 1876-1900, 2,840,000 tons ;
1901-1910,

3,880,000 tons ; or altogether and up to 1910 a total of 6,935,000 metric tons.

Of this amount 2,410,000 tons came from Montana ;
^ 2,160,000 tons from the

Lake District ;
* and 1,450,000 tons from Arizona.^

In the Huelva district of Spain and Portugal ^ in ancient times 800,000

or 1,200,000 tons, according to various estimates, were produced ; from the

eighth century a.d. to 1850, only some 10,000 or 20,000 tons ; 1851-1880,

142,000 tons ; 1881-1900, 925,000 tons ; 1901-1910, 510,000 tons ; making a

total of say 2,600,000 tons.

Japan, during the period 1901-1910, produced 403,000 metric tons ; and

dming 1881-1900, 315,000 tons; so that including earlier figures the production

may be estimated at some 1,250,000 tons.'^

Cornwall, according to some estimates^ produced from 1501 to 1725 about

20,000 tons, and from 1726 to 1905 some 883,000 tons, making a total of

roughly 900,000 tons. Other estimates ^ give somewhat more, some as much
as 1,300,000 tons ; in round figures, tlierefore, 1,000,000 tons may be taken.

The production has considerably decreased of late years. ^"

Germany from 1901 to 1910 produced 220,000 metric tons ; 1875 to 1900,

525,500 tons ; 1851 to 1875, 87,710 tons ; 1826 to 1850, 26,500 tons ; and

before 1825 perhaps 100,000 tons or at most 200,000 tons. A total of 950,000 or

1,050,000 tons, or roughly 1,000,000 tons, is thus reached. Of this figure the

Mansfeld copper-shale produced undoubtedly the bulk, namely, from 1779

to 1910, 650,000 tons ; and fi'om 1688 to 1779, 25,500 tons ;
" or including the

earher period, a total of not quite 700,000 tons. Adding to this the other old

German mines working copper-shale it may be reckoned that this deposit has

produced hitherto roughly 750,000 tons.

1 Ante, pp. 895, 896. ^ ^^^f^^ pp ggg^ 900. 3 j^nle, pp. 887, 889.

4 Ante, p. 933. * Ante, pp. 398, 887, 899. « Ante, pp. 199-200, 327.

' Ante, pp. 200, 897. « Ante, p. 436. » Ante, y>. 200.
i» A7ite, p. 436. 11 Schrader, Pr. Zeit. f. B-, H- u. S-wesen, 1869.
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Russia and Siberia ^ from 1901 to 1910 produced 134,000 metric tons
;

1876 to 1900, 127,000 tons ; 1851 to 1875, 122,800 tons ; 1826 to 1850, 109,000

tons ; or since 1825 a total of 493,000 tons. In the eighteenth century and in

the second half of the seventeenth the production was very high, in 1700 for

instance it was 3276 tons. The total production up to 1910 may accordingly be

estimated at about 1,000,000 tons.

Mexico.—Boleo fi-om the start of work in 1887 to 1910 produced 219,000

metric tons. Other Mexican mines from 1901 to 1910 produced 404,000 tons
;

1891 to 1900, 35,900 tons ; 1879 to 1890, 4500 tons ; or since 1879 a total of

about 660,000 tons. Previous to 1879 the production was very small.

Sweden.—Fahlun since about 1200 has produced roughly 500,000 tons.

The zenith of production was reached in the middle of the seventeenth century.^

Atvidaberg from 1764 to about 1900 produced 35,000 tons ;
^ to this must be

added the output of some other small mines. The total production is therefore

some 550,000 tons.

Austria-Hungary, including of late years Bosnia and Serbia, from 1901 to

1910 produced 27,000 metric tons ; 1876'to 1900, 32,000 tons ; 1851 to 1875,

56,300 tons ; 1828 to 1850, 65,200 tons ; or since 1825 a total of 180,000 tons.

Including the earlier period this would become some 333,330 tons.

Canada fi-om 1901 to 1910 produced 230,000 metric tons ; 1891 to 1900,

53,000 tons ; 1879 to 1890, 15,000 tons ; or since 1879 a total of 298,000 tons.

Previous to this date the production v;as small.

Norway.*—Tlie home production from 1901 to 1910 amounted to 14,100

metric tons ; 1815 to 1900, 45,000 tons ; and 1624 to 1814, about 70,000 tons
;

or altogether from 1634 to 1910, 129,000 tons. Since about 1860 roughly

4,000,000 tons of pmte with a net content of about 96,000 tons of copper have
been exported. Including this the total output would be about 225,000 tons.

Italy from 1879 to 1910 produced 85,000 tons, in addition to a large amount
won earlier, especially in the Middle Ages.

South Africa from 1879 to 1910 produced 199,000 tons, in addition to a

small amount earlier.

Bolivia fi-om 1879 to 1910 produced about 70,000 metric tons, in addition

to a large amount much earlier.^

Peru from 1898, the beginning of copper mining in that country, to 1910

produced 119,000 metric tons ; 1879 to 1897 about 7500 tons ; or, from 1879 to

1910, a total of about 125,000 tons. The early production is not very important.

The average yearly copper outputs of the most important districts

during the period 1906-1910 were according to Wencker ^ as follows :
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Between them^ these eighteen districts produced 615,300 tons per year, or

78*20 per cent of the world's copper production. The remaining 171,000 tons,

or 21-8 per cent, came from a large number of smaller districts, each responsible

for less than 10,000 tons yearly.

The Distribution of the Copper Production among the

Various Classes of Deposit

Copper Lodes.—The whole production of Butte and several other

districts in the United States, almost the whole output of Chili and Peru,

and a subordinate part of the production of Mexico, are derived from

this class of deposit ; further, some three-fourths of the Japanese, and

about two-thirds of the Australian production ; and finally, the output

from a large number of other, mostly small districts all over the world.

On the basis of the figures for 1910 the copper produced from lodes

represents about 40 per cent of the world's production.

Contact-Deposits and Combined Lode- and Contact-Deposits.—To this

class belong at least three of the principal occurrences in Arizona, producing

together some 100,000 tons of copper yearly ; as well as Bingham in Utah
and Cananea in Mexico, each of these two producing about 35,000 tons

per year ; and in addition several other occurrences in the United States

and Mexico, and a number in the Urals, the Caucasus, the Banat, and

at Traversella in Piemont, etc. This class is responsible for at least

25 per cent, and perhaps even 30 per cent of the total production.

Native Copper Deposits.—About 12 per cent comes from this class.

^

Magmatic-Intrusive Pyrite Deposits.—The Huelva occurrence,^ pro-

ducing now about 50,000 tons of copper yearly ; nearly all Norwegian

deposits, producing about 8500 tons of copper in pyrite and copper ore

yearly'; Fahlun, now producing little ; and Sain Bel, Agordo, Schmolhiitz,

etc., belong to this class. Including Mount Lyell in Tasmania with about

8000 tons yearly, and Ducktown in Tennessee, this class is responsible for

not quite 10 per cent of the total production.

Magmatic Nickel-Pgrrhotite Dejwsits.—About 7000 tons of copper are

produced annually from the Sudbury deposit belonging to this class.^ To
this must be added some hundred tons from other deposits, making a

total of not quite 1 per cent.

Magmatic Bornite Deposits.—The deposits of this class typically

represented by the occurrence at Klein Namaqualand in South Africa,*

have hitherto been very little investigated. About 0-5 per cent (?) of

the yearly copper production comes from them.

Metasomatic Copper Deposits.^—About 3 per cent may be reckoned

I Ante, p. 928. a ^nte, p. 327. » Ante, p. 293.
» Ante, p. 300. * Ante, pp. 908-920
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as coming at present from these deposits ; in the future perhaps this

percentage will be higher.

Copper-Shale Deposits.—The German Kupferschiefer yields to-day

2-3 per cent of the world's copper production. Other copper ore-beds—

•

among them Boleo in Mexico and the fahlbands, the genesis of which latter

has not yet been satisfactorily determined—produce together some 2

per cent.

Finally, a small amount of copper, namely, some 1 per cent, is won
as a by-product from gold-silver- and lead-silver-zinc lodes.

The above percentages may be tabulated as follows :

Percentages of the World's Production of Copper produced by the
Different Classes of Deposit

/ Nickel-pyrrhohite group, some 1 per cent-

Magmatic deposits Bornite group, 0-5 per cent

P_\Tite group, 9-10 per cent
Contact-deposits and combined contact- and lode-deposits

Copper lodes

.

Metasomatic deposits

Native copper deposits

Kupferschiefer
Other ore-beds
By-products from deposits of other metals

10-11 per cent.

25-30 „
40
3

12
2-3 „

2
1

This table in the case of several of its figures is naturally only approxi-

mate. It is suihcient however to indicate that by far the greater number
and the most important copper deposits are connected in some way or

other—-by magmatic differentiation, by contact-metamorphism, or by
subsequent thermal action, etc.—with eruptive phenomena.
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Nickel- and cobalt ores are completely absent from, or occur only in small

amount in most of the lodes already described, which carry gold, silver,

lead, zinc, quicksilver, tin, copper, iron, etc. Thus, such ores, which are

associated principally \ntli basic eruptive rocks, are represented only by

traces in the tin lodes connected with granite, in the quicksilver- and gold

lodes, as well as in most of the gold-silver-, silver-, and silver-lead lodes.

For instance, nickel and cobalt occur so sparingly in the Schenmitz lodes ^

that their presence can only be inferred from minute quantities found in

those furnace products where in smelting they have become concentrated.

In the Freiberg lodes, it is true, both metals are found, but only in

very small amount. In the Beschert Gliick, according to Stelzner,^ every

square metre on the lode plane yields 386 grm. of silver, 747 grm. lead,

and 16 grm. nickel ; in the Himmelfahrt sulphide lodes, 230 grm. of silver,

6145 kg. lead, and 1 grm. nickel-cobalt ; and in the Himmelfahrt dolo-

mite lode, 1052 grm. of silver, 2103 kg. lead, and 189 grm. nickel-cobalt.

Generally speaking, however, these lodes yield less than 20 grm. of nickel

per square metre on the lode plane.

In most copper lodes nickel and cobalt occur only to the extent of

about 0-1 of nickel-cobalt to 100 of copper. In other lodes carrying

silver, lead, copper, bismuth, etc., these two metals occur in somewhat

larger amount, as, for instance, in the silver- or silver-lead lodes of the

Frohnbach valley in the Schwarzwald, Baden ; at Markirch in southern

Alsace ; at Sarabus in Sardinia ; and in the copper lodes at Kitzbiihel in

the Tyrol, and Mitterberg in Salzburg, etc.

More important however is the nickel- and more especially the cobalt-

content at Schneeberg, in association with silver and bismuth, and at

Annaberg, in association with silver,^ while the large silver-cobalt lode-

district of Temiskaming in Ontario,* discovered only a few years ago, must

be regarded as a particularly important occurrence.

1 Ante, p. 541. 2 Zeit. f. pmlt. GeoL, 1896, pp. 401-402.

3 Ante, pp. 677-683. * Ante, pp. 666-669.

945
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In the Oberharz, the St. Andreasberg lodes ^ carry only a small amount

of cobalt and nickel, while those of Clausthal ^ in general carry still less.

Exceptionally however, in the Grossfiirstin Alexandra mine in the Schleif-

stein valley, 5 km. south of Goslar and about 10 km. north of Clausthal, a

lode discovered about twenty years ago and belonging geologically to the

Clausthal group, contains in places quite considerable quantities of nickel

in the form of gersdorfJite, NiAsS, though the other lodes in the same mine

are of the ordinary Clausthal type.^

The presumably metasomatic deposit at Mine La Motte * in Missouri,

containing preponderating lead ore and in places much linnseite (Ni, Co)3S4,

is also worthy of mention. This occurrence and the magmatic nickel-

pyrrhotite deposit at the Lancaster Gap mine in Pennsylvania ^ are the

most important sources of nickel in the United States. From these two

occurrences approximately 2000 tons of nickel have been produced up to

date, each contributing roughly one-half.

Finally, there are lode districts where nickel-cobalt arsenide- and

sulphide ores predominate economically, though in such cases, without

exception, other ores—^copper, silver, lead, zinc, or iron—are present, to

some extent in large amount. Experience shows that with lodes of this

type copper is always represented, while silver and lead are mostly absent.

The most important nickel ores in lodes are, chloantite, NiAsg, niccohte,

NiAs, gersdorfiite, NiAsS, and millerite, NiS. The most important cobalt

ores are, smaltite, CoAsg, and in some occurrences linneeite, C03S4 or

(Co, Ni)3S4, together with the secondary minerals formed from these.

Cobaltite, CoAsS, is found only very exceptionally in lodes, but is especially

characteristic of the cobalt fahlbands ; the same is the case with, cobalt-

arsenopyrite (Fe, Co)AsS. With the exception of some Norwegian

apatite lodes, nickel-pyrrhotite is absent from lodes, this being also the

case with pentlandite.

Wherever they are found in lodes these two closely associated metals,

nickel and cobalt, accompany one another, the former frequently pre-

dominating, but sometimes the latter.

Districts where the lodes contain preponderating nickel-cobalt ore

are rather uncommon. In such lodes, so far as they are yet known, such

ore occurs only in relatively small quantity. The arsenide lodes, owing to

the unfavourable conditions prevailing in the last decades for nickel and

cobalt, have either not been worked at all, or only on a very small scale.

In former times some of these lodes were actively worked, though only

exceptionally were operations extensive.

1 Ante, pp. 687-692. '^ Ante, pp. 684-687.

3 F. Klockmann, Zeit. f. prald. GeoL, 1893, p. 385.—Dr. Sohle, Naturivissenschaftliche

Wochennchr., 1900, Vol. XV. No. 7.

* Ante, p. 770. '^ Ante, p. 293.
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The most important among the nickel-cobalt lodes is that at Dobschau

in Hungary, now unfortunately exhausted. This lode during the period

1840-1880 yielded about 26,000 tons of nickel-cobalt ore containing some

1000 tons of nickel and a little cobalt.

According to H. Laspeyres,i the total production of the Rhenish

Schiefergebiro'e from 1841 to 1890 was as follows :

District.
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partly chimney-like deposits are found at the contact of a diorite-horn-

blende-granitite with slate. The lodes contain chiefly siderite, and in the

Hollopatak district ^ are still worked for iron ; in the Zemberg district

they carry copper-, nickel-, and cobalt ores. The following primary

depth-zones were observed in one of the most important lodes : near the

surface, siderite ; then, copper ore ; and finally, nickel-cobalt ore—chlo-

antite and smaltite—which yielded coiicentrate containing 17 "5 per cent

of nickel and 6-5 per cent of cobalt. This nickel-cobalt ore in turn

ceased at a depth of 180-200 metres.^

The siderite lodes of Siegerland here and there also carry cobalt ore,

which is occasionally mined for itself. In Nassau and the neighbouring

districts some copper lodes are found in diabase and schalstein—the so-

called schalstein schists representing, according to Laspeyres, serpentinized

tuffs. In one of these, developed in part as a bedded lode, the Hilfe

Gottes mine at Nanzenbach in 1841 opened up a nickeliferous ore-body

containing pyrite, chalcopyrite, millerite, niccolite, chloantite, etc., with

calcite, some dolomite, siderite, and quartz, as the gangue-minerals. This

ore-body, which had a length of about 40-80 m., and reached a depth of

roughly 100 m., produced about 10,000 tons of nickel ore containing some

3 per cent of nickel.^

The cobalt fissures of the Zechstein formation, which are no

longer of any economic importance and to which further reference is

made in the chapter on the copper-shale group, are lodes carrying ore

principally between the two faulted portions of the Kupferschiefer, though

mineralization also continues a few metres above the hanging-wall and

sometimes considerably below the foot-wall of that bed. The filhng,

which may be several decimetres in width, consists of sulph-arsenide

cobalt- and nickel ores associated sometimes with predominate barite, and

sometimes mth crystalhne carbonates. The ore-body is discontinuous

along the strike as well as in dip. The principal occurrences were at

Schweina in Thuringia and at Riechelsdorf in Hesse.

At Schladming in Styria 2000 m. above sea-level, fahlbands occur in

gneiss- and mica-schists, these fahlbands owing to the brown weathered

zone they form at the surface, being known as Branden. They are traversed

by vertical quartz lodes. In the neighbourhood of these lodes and within

the fahlbands, nickel ores are found in the form of nodules and nests,

consisting in greater part of niccolite and nickel-arsenopyrite, but also of

1 Ayite, p. 805.

2 Ante, p. 810, A. Gesell, ' Montangeol. Aiifn. anf dem v. ci. Dobsinaer siidostlichen

Stadtgrenze siidl. gel. Gebiete,' Jahresber. d. kgl. ung. geol. Avst. /. 190£.—F. W. Voit,

' Geologisehe Schilderung der Lagerstiittenverhaltiiisse von Dobschau in Ungarn,' Jahrb.

d. k. k.'geol. Reichsanst. Vol. L., 1900.—K. A. Redlich, Zeit. f. prakt. Geol, 1908, and H. v.

Bockh, ibid. ^ Laspeyres, 1893, loc. cit.



THE NICKEL-COBALT ARSENIDE LODES 949

smaltite, native bismuth and arsenic, etc. Confined generally speaking to

the lodes are tetrahedrite, galena, chalcopyrite, stibnite, and pyrite. The

favourable influence of these transverse quartz lodes recalls the well-known

influence of the afore-mentioned cobalt fissures upon the Kupferschiefer.

These deposits at Schladming were worked in the fifteenth and sixteenth

centuries and from 1832 to 1880, the latter period however being of only

small importance.^

Fairly analogous deposits occur also in the Annivier and Turtmann

valleys of Valais, Switzerland. At the first-mentioned place two siderite

lodes were worked, which contained ores particularly rich in nickel where

sulphide disseminations occurred in the gneissic country-rock. The total

output was very small.

^

The following deposits belonging to this group are worthy of simple

mention. The Leo lode near Salzburg, containing pockets and nests of

niccolite and smaltite and numerous other minerals, occurs in a Silurian

dolomite ; the well-known copper deposits at Mitterberg and Kitzbiihel

occur in the neighbourhood.^ Quartz- and crystalline carbonate lodes

containing nickel-, cobalt-, and copper ores have been remarked in the

greenstone on Monte Cruvin in Bruzolo, on the Besighetto near Balme,

and at Usseglio in Piemont.* Quartz lodes containing smaltite, etc., are

also known in the Kebota valley in the Transvaal.^ Analogous smaltite

lodes containing some gold and silver occur also in the north-eastern

portion of the Transvaal,^ while quartz lodes containing millerite have

been recorded at Benton in Arkansas.'' Smaltite lodes containing quartz

as gangue, and some gold and silver, are also known at Cerro de Famatina

in Argentina.^

Important mining operations for cobalt were formerly prosecuted in

the cobalt fahlbands at Modum, Tunaberg, etc. These deposits are dis-

cussed in a subsequent chapter.

1 C. Schmidt and J. H. Verloop, ' Notiz iiber die Lagerstatte von Kobalt- und Nickel-

erzen bei Schladming in Steiermark,' Zeit. f. prakt. GeoL, 1909, p. 271.

2 Zeit. f. prakt. Geol, 1909, pp. 36, 274.
3 Lipoid, JaJirb. d. k. k. geol. Reichsanst., 1854, Vol. V.—F. Po&pny, Archiv f. prakt.

Geol. I., 1880.—Buchrucker, ' Minoralogisches,' Zeit. f. Krist. Min. XIX.," 1891.

* D" Acliiardi, 1 Metalli, II. p. 22.—Striiver, ' Die IVIinerallagerstatten des Alatales in

Pieniont,' Neues Jahrb. f. Min. Geol. Pal, 1871, p. 345.

* Hatch and Cor.storphine, The Geology of South Africa, 1905, pp. 178, 193.

* H. Oehmichen, * Goldhaltige Kobaltgange in Tran.svaal,' Zeit. f. prakt. GeoL, 1899,

p. 271.

' J. L. Fletscher, 3Iin. Res. U. St., 1887, pp. 128-129.

^ Eriksson, Eng. Min. Journ. LXXVII.
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LITERATURE

H. B. V. FouLLON. ' tjber einige Nickelvorkommen,' Jahrb. d. k. k. geol. Reichsanst.

XLIIL, 1892.

Lodes and veins of nickel -magnesium hydrosilicates are found all

over the world under practically the same conditions, in more or less

serpentinized olivine rocks, and exceptionally also in associated augite

rocks. Such deposits occur very extensively on the island of New
Caledonia, where they are of great economic importance. Similar occur-

rences are those at Frankenstein in Silesia, Riddles in Oregon, Webster in

North Carolina, and Revda in the Urals. The occurrence at Malaga in

Spain, already described,^ wliich extends below the ground-water level,

occupies a place by itself.

Of the mostly light-green nickel silicates characteristic of this group,

garnierite—so named after Jules Garnier the discoverer of the New Cale-

donian ore ; or numeite, after Numea the capital of New Caledonia

—

having a specific gravity about 2 '9, is the most frequent. The composition

of this mineral is approximately H2(Mg, Ni)Si04, with variable amounts of

NiO and MgO. Some samples have given as much as 45 per cent of NiO,^

though the average content of the clean mineral is only 15-25 per cent.

In addition, genthite, which is very similar to garnierite, nickel-gymnite,

revdanskite, pimelite, schuchardite, etc., are worthy of mention. All these

minerals are amorphous or cryptocrystalline, and usually badly defined

as mineral species. The so-called nickel-chocolate—a chocolate-coloured

ore of somewhat variable composition, and obviously consisting of a

mixture of different minerals—also occurs very extensively in New Cale-

donia. At Frankenstein,^ the so-called ' grey ore,' a somewhat decomposed

serpentine containing a few per cent of nickel, occurs in large amount. In

New Caledonia, at Revda, and at other places, the nickel-silicate deposits

are accompanied by separate deposits of asbolane, that is, cobalt-man-

ganese ore, the two classes of deposit being, however, always distinctly

separated from each other.

The composition of these ores may be gathered from the following

analyses taken from works afterwards cited :

1 Ante, p. 299. '^ Analyses, No. la—Ic.

3 Postea, p. 961.

[Table



THE NICKEL-SILICATE, OR GARNIERITE DEPOSITS 951



952 OKE-DEPOSITS

The parent rock of these deposits is in general a more or less serpentin-

ized olivine rock, peridotite, this being principally, as is the case in New
Caledonia, Oregon, Webster, etc., a dunite—olivine with some chromite

and picotite—though this is frequently accompanied by saxonite or

harzburgite—olivine with some enstatite or bronzite—as for instance in

New Caledonia and in Oregon. Exceptionally, as at Revda, the parent

rock consists of an augite rock serpentinized to antigorite.

The dunite-saxonite, which represents an anchi-monomineral eruptive,

in a non-serpentinized state usually contains 40-47 per cent Si02, 40-48

per cent MgO, 4-8 per cent FeO +Fe203, 0-5-2-5 per cent AlgOg, and 0-2

per cent CaO, that is, remarkably little AI2O3 and CaO ; furthermore,

some Ct^O^,^ frequently 0"l-0"5 per cent MnO, and always some NiO as

silicate, this latter being chiefly in the olivine and subordinately in the

pyroxene minerals. ^ CoO occurs only in traces. This dunite-saxonite is

richer in nickel than is any other rock. The NiO content varies usually

between 0"1 and 0'5 per cent, though occasionally it reaches 1 per cent

or more. According to analyses by Glasser, the New Caledonian peri-

dotite in particular is remarkably rich in NiO, this rock sometimes

containing over 1 per cent.

The hydrated nickel silicates of the German deposits are accompanied

principally by hydrated magnesium silicates poor in, or free from nickel,

such as gymnite, kerolite, and meerschaum ;
^ also by iron-ochre, quartz,

hyalite, opal, chalcedony, and chrysoprase containing some nickel ; excep-

tionally also by some magnesite. The chrysoprase of Frankenstein is

used as a precious stone ; it is also found at Riddles and at Revda. This

mineral-association indicates with certainty a deposition from aqueous

solution.

The occurrences in New Caledonia, at Frankenstein, Riddles, Webster,

and Revda, undoubtedly did not result from the decomposition of arsenide

or sulphide nickel ores, such ores having nowhere been found at those

places. Looking elsewhere for the genesis of these deposits, from their

constant connection with rocks relatively rich in nickel, from their mineral-

association, and from their morphology, it may be assumed \yith. certainty,

as was demonstrated years ago by Sterry Hunt, Garnier, Foullon, Diller,

and others, that these garnierite deposits were formed by leaching of the

country-rock.

The view has occasionally been put forward that the origin of the

garnierite was connected with a particularly intense serpentinization.

Against this, however, it must be remarked that the rock in which

garnierite is found, not infrequently, as for instance in New Caledonia and

at Riddles in Oregon, consists of a comparatively little serpentinized,

} Mte, pp. 15.3, 244. ? Ante, pp. 153, 287. ^ Analysis No. 3,
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fairly fresh peridotite containing but 1-5 per cent of HgO. Further, the

serpentine, according to numerous analyses, contains about the same

amount of nickel as the rock from which it resulted, and accordingly the

small nickel content of the peridotite was, generally speaking, not disturbed

in the process of serpentinization. Some investigators ^ considered the

occurrences in New Caledonia to have been formed by ascending heated

waters, which having extracted nickel, magnesia, silica, etc., from the

peridotite and serpentine in depth, deposited them afterwards near the

surface in the form of hydrated nickel-magnesium silicates. Such an

explanation however is not apt for these occurrences ; on the contrary,

Glasser in his detailed description gives conclusive evidence that they

were formed by weathering processes limited to the surface, while for

the deposits at Frankenstein, Beyschlag and Krusch have been able

to produce similar evidence.

In New Caledonia, the silica and magnesia of the more or less serpentin-

ized peridotite have near the surface in greater part been removed by the

warm tropical rain-water, leaving behind large eluvial deposits, often

5-15 m. thick, of a red earth

—

terre rouge, frequently mistakenly described

as Vargile rouge or Vargile ferrugineuse, though AI2O3 is absent—consisting

in greater part of iron-ochre. One analysis of this red earth gave, 18-4

per cent of SiOg, 69-3 per cent FeaOg, 0-5 per cent AI2O3, 1-6 per cent

NiO, 04 per cent MgO + MnO, and 9-8 per cent of HgO.

In process of weathering, the nickel, cobalt, and manganese, together

with some magnesia and silica, went into solution, from which solution

asbolane on the one hand and garnierite on the other, were subsequently

precipitated. The latter in New Caledonia is not accompanied by

magnesite or other carbonates ; it occurs principally along fractures and

crevices in firm rock near the surface, but also as incrustations in the

lower part of the eluvial deposits. The asbolane is limited exclusively

to the eluvial deposits, though in all probability the solutions which de-

posited both it and the garnierite were the same. The asbolane, which

possesses a certain similarity to manganiferous lake ore, contains 1 part of

nickel to some 2-5 parts of cobalt ; the garnierite on the other hand

contains 1 of cobalt to about 100 of nickel. These two elements have

therefore in these deposits become separated, though analytically the

separation is not sharp.

Examination of the juxtaposition of the asbolane and garnierite

indicates that the cobalt was precipitated earlier than the nickel. The

asbolane consists in greater part of highly oxidized manganese oxides,

chiefly MnOa, from which fact, precipitation by oxidation—probably

by means of atmospheric oxygen acting upon a neutral solution—may
1 Hcurteau, 18TG; de Levat, 1892; and Benoit, 1892.
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be assumed. By such means cobalt would be precipitated as oxide with

but very little nickel, the greater quantity of which would remain in

solution. In this connection we would recall the earlier process of

separating cobalt from nickel, which consisted in the addition of

chloride of lime to a neutral cobalt-nickel solution, when cobalt oxide

with very little nickel oxide was precipitated, while the greater part of

the nickel remained in solution.^

The peridotite always carries much more nickel than cobalt, namely,

about 1 part of cobalt to some 20-50 parts of nickel, and accordingly the

asbolane occurs subordinately to the garnierite. At the decomposition of

the peridotite or serpentine the small amount of ferrous oxide is in

greater part oxidized to ferric oxide—red earth—and but little iron goes

into solution ; the low iron content of the hydrated nickel sihcates is thus

explained. The same is approximately the case with the small amount

of alumina which occurs in the parent rock. The dunite and saxonite

are on the whole exceedingly poor in sulphides, titanic acid, and phos-

phoric acid, and such compounds are consequently practically absent

from the garnierite deposits.

The occurrences at Kiddles and Revda appear from the descriptions

available also to have been formed by surface weathering. Concerning

the deposits at Frankenstein, some investigators assume leaching by heated

waters, which, having extracted the nickel from the country-rock in depth,

deposited it again near the surface. This explanation does not however

agree with the observed phenomena.

The New Caledonian deposits, owing to the large extent of the peri-

dotite, are of great economic importance. In the formation of these

deposits the tropical climate may possibly have had something to do

with the processes concerned, such a climate greatly promoting surface

weathering. In that case a certain analogy to lateritization would exist.

New Caledonia

LITERATURE

J. Gaksier. ' La Geologic et les resources minerales de la Nouvelle-Caledonie,' Ann.

d. Mines, 6^ ser. t. XIL, 1867 ; various treatises in Comiit. rend. 82, 1876 ; Soc. d. Ing.

Civils 5, 1887 ; Revue scientifique, 1895.—E. Heitrteau. ' Sur la constitution geologique

et les richesses minerales de la Nouvelle-Caledonie,' Ann. d. Mines, 7*^ ser. t. IX., 1876.

—

L. Pelatan. ' Les Mines de la Nouvelle-Caledonie ' (with geological map of the island),

Genie Civil 19, 1891. II.—D. Levat. ' Progres de la metallurgie du nickel ' (together with

description of the New Caledonian mines), Ann. d. IMines, 9^ ser. t. I., 1892.—F. Benoit.
' Les Mines de nickel de la Nouvelle-Caledonie,' Bull, de la Soc. de I'lnd. Min. St. Etienne,

III. 6, 1892.—A. Bernard. L'Archipel de la Nouvelle-Caledonie, Paris, Hachette & Cie,

1895, p. 458, with 2 maps.—Review in Zeit. f. prakt. GeoL, 1897, p. 257.

—

Fr. D. Power.

1 Vogt, Geol Foren. Forh. XVII., 1892.
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' The Mineral Resources of New Caledonia,' Inst. Min. and Met. Abstract of Proceedings,

Vol. VIII. p. 44.—Review in Zeit. f. prakt. Geol., 1901, p. 24.—M. Piroutet. ' Sur la

geologic d'une partie de la Xouvelle-Caledonie," Bull, de la Soc. Geol. de France, 4^ ser. t.

III., 1903.—E. Glasser. ' Rapport au ministre des colonies sur les richesses minerales

de la Nouvelle-Caledonie,' Ann. d. Mines, 12e ser. t. IV., 1903, and t. V., 1904.

The island of New Caledonia extends from 20° 5' to 22° 24' south

latitude ; it is 400 km. long, 65 km. wide, and has an area of 16,117 square

Fig. 397.—Detailed sections of the garnierite deposits of New Caledonia. Glasser.

In the two upper sections the garnierite veins are indicated black
; (a) is impure garnierite ore, (6) is red

earth with 4-5 per cent of nickel. In the lower section the black crusts on the serpentine indicate asbolane
ore ; (c) are kidneys of asbolane in red earth.

kilometres. Of this no less than about 6000 sq. km. is occupied by the

presumably post- or late Cretaceous, more or less serpentinized peridotite

—

dunite and saxonite—one field alone covering 3500 sq. km. The serpentine

and peridotite areas which, as illustrated in Fig. 156, lie distributed

over practically the whole of the island, here perhaps reach the greatest

known extent in the world. In these eruptive areas—the more import-

ant of which are known under the names of Thio, Canala, Honailou,

Mount Kaale, Neporri, etc.—a large number of garnierite deposits occur.

At the time of the Paris Exhibition in 1889, no less than about 1200
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nickel occurrences had been discovered, and in addition approximately

300 asbolane deposits.

According to Glasser, the hydrated nickel-magnesium silicates are

found partly in lodes, partly as the cementing material of a breccia, partly

in veins and veinlets in the serpentine, and partly as incrustations

within detrital matter consisting principally of red earth. There are no

sharp lines between these different modes of occurrence, which on the

contrary merge gradually into one another. Principally the very irregular

and branched garnierite lodes were first exploited. Upon these lodes some

mines reached depths of 108 and even 145 m., though mineralization

diminished in depth, and generally speaking the garnierite quickly pinched

out. Accordingly, mining was subsequently carried on chiefly in open-

cut and only in exceptional cases to a depth of as much as 50 m., the ore

usually disappearing at 10-20 metres. In this method of mining great

quantities of the eluvial red earth have to be removed. The garnierite

lodes only exceptionally reach 1 m. in width ; more usually they are

narrow stringers which traverse the country-rock in all directions. Of

such rock 5-10 cubic metres must frequently be Avorked in order to

obtain 1 ton of ore.

That the garnierite is a result of surface weathering follows, according

to Glasser, with certainty from the mode of occurrence. This view is

supported by the discovery of insect remains coated with garnierite in

the eluvial deposits, as well as by the occurrence of recent garnierite

stalactites, which prove that the formation of this mineral still continues.

The asbolane occurs occasionally in small amount in the form of lumps

and crusts in the red earth, as illustrated in Fig. 397 c.

Mining operations in New Caledonia began in the middle of the

'seventies, the garnierite having been discovered in 1867 and examined

in 1873. . The extent of operations may be judged from the following

figures of ore won, most of which was exported :

rom 1875 to 1879
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to the year 1902 contained according to Glasser 60,700 tons of nickel,

equivalent to 6-3 per cent when deducting nothing for loss in smelting.

The ore won contains much chemically combined water and a con-

siderable amount of mine moisture, which partly disappears when dried

at 100°. Dried ore mostly contains at least 7 per cent of nickel, equivalent

to 5-4-5-8 per cent in the wet or raw ore. One kilogramme of nickel

in dry ore is paid for at the rate of 60-70 centimes in a New Caledonian

port ; reckoning 60 centimes and assuming the nickel content of the

wet ore to be 6 per cent, the price of the ore in such a port would be

36 francs per ton. To this must be added the freight to Europe,

which is some 40 francs per ton, so that the value in an English, French,

or German port may be taken to be 76 francs, equivalent to 1-27 francs,

or roughly one shilling per kg. of nickel.

In raising the value of the ore by hand-sorting to at least 7 per cent

in the dry ore, much low-grade ore is lost. For this reason and on account

of the high freight to Europe, it is intended to smelt a part of the production

at Thio in New Caledonia.

Mining operations, which up to the end of the year 1909 had produced

roughly 1,750,000 tons of ore, have exhausted numerous deposits, in spite

of which, owing to the exploitation of new deposits, production continues to

increase. At the present time some forty mines or opencuts are working.

A few years ago 2000-6000 tons of asbolane containing mostly 3-4

per cent of cobalt were won annually, and up to the year 1904, or approxi-

mately in twenty years, some 60,000 tons mth an average of 3-5 per cent

of cobalt had been exported. ^

In the New Caledonian serpentine-peridotite many chromite occur-

rences also occur, some of which are now being exploited.^

Frankenstein in Silesia

LITERATURE

J. Roth. Erlaiiterungen zu der geognostischen Karte vom Niederschlesischen Gebirge

und den anliegenden Gegenden. Berlin, 1867.

—

Th. Liebisch. ' Mineralogisch-petro-

graphische IMitteilungen aus dem Berliner mineralogischen Museum,' Zeit. d. d. geol. Ges.,

1877.—H. Traube. Die Minerale Schlesiens. Breslau, 1888.—H. B. v. Foullon. ' Das
Vorkommen nickelhaltiger Silikate bei Frankenstein in Preussisch-Schlesien,' Jahrb. d.

k. k. Geol. Reichsanst. Vienna, 1892.—B. Kosmann. ' Die Nickelerze von Frankenstein

in Schlesien,' Gliickauf, 1893, No. 57 and 59.

—

Aschermann. ' Beitrage zur Kenntnis der

Nickelerze von Frankenstein,' Inaug.-Diss. Breslau, 1897.

—

Illner. ' Das Nickelerz-

vorkommen bei Frankenstein,' Zeit. f. d. B-, H-, u. S-wesen, 1902.

—

Albkecht. ' Das
Nickelerzvorkommen bei Frankenstein in Schlesien,' Archiv d. k. Geol. Landesanst.

Berlin, 1902.

—

Battig. ' Das Nickelerzvorkommen bei Frankenstein in Schlesien,' Archiv

1 B, Neumann, in Die Metalle, gives 58,730 tons with 3-6 per cent of Co, from 1875-1901.

2 Ante, p. 249.
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d. k. Geol. Landesanst. Berlin, 1906.

—

Flegel. ' Das Nickelerzvorkommen bei Franken-

stein in Schlesien,' Archiv d. k. Geol. Landesanst. Berlin, 1909.—P. Krusch. ' tjber

die Genesis einiger Mineralien u.s.w. von Frankenstein,' Zeit. d. d. geol. Ges., 1913.

Of the Sudetic foothills which rise through the Diluvial covering

between the Eulengebirge and the Zobten - Strehlen mountains, the

Baumgarten-Grochau group, south-west of Frankenstein, and the range

running throvigh Dittmannsdorf, Prozau, Glasendorf, Kosemitz, and

Disdorf, north of Frankenstein, are unique by reason of their contained

nickel deposits.

The group south-west of Frankenstein, owdng to the smallness of

the deposits, may however hardly be expected ever to become the seat

of mining operations. This group, according to Roth, consists of gneiss

and of hornblende -schist in part augitic and decomposed to serpent-

ine. In the serpentine and more particularly on the southern slope of

Grochberg, magnesite occurring as fissure-filling is exploited. The veins

of this material reach 0-5 m. in width and are characterized by great

purity. Some nickel ore, the discovery of which led to the grant of several

concessions, was found associated with these veins.

The more important nickel deposits at Frankenstein lie north of that

town, being confined to four serpentine hills, indicated in Fig. 398, which

rise about 377 m. above the Diluvial country and probably belong to one

and the same north- south belt. The comitry-rock of the serpentine

consists of gneiss, blue-grey graphitic quartzite-schists with white and

red quartz bands, and, particularly in the north and west, of a generally-

speaking coarse-grained syenite.

Mining operations for nickel, which were revived in 1891, are being

prosecuted Upon the four hills, Kosemitz or Miihlberg, Tomnitz, Glasendorf,

and Gumberg. These Silesian nickel mines, in addition to opencuts, have

four underground levels at depths of 15-80 m. below the ridge of the

Glasendorf hill.

The serpentine constituting the immediate country-rock of the ore

consists of a macroscopic, almost compact mass with a smooth conchoidal

fracture, which is usually blackish, olive-green or canary-green in colour,

and exhibits stains due to magnetite. It is always very much fractured

and more or less decomposed. It contains 41-42-5 per cent of SiOg, 36-42

per cent MgO, 0-25 per cent Cr203, and a small amount of nickel which

FouUon, from a sample taken from the west slope of Gumberg, gives as

0-34 per cent.

This serpentine, as illustrated in Fig. 399, is traversed by a system

of north-northwest quartz veins which split and re-assemble so that their

width is very variable, and which provide the resistance to erosion to

which the range of hills owes its existence. From these veins as well as
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from the surface the serpentine

became highly altered, to red earth,

etc. In this alteration Beyschlag

and Kriisch differentiate the white

decomposition, consisting of a net-

work of magnesite and kerolite,

from the grey and green mineral-

ization and the formation of red

earth. This last has the greatest

extent. It is a red-brown, friable,

highly decomposed material, which

usually has no sharp separation

from the serpentine but often

merges gradually into that rock

through the less intense de-

composition products represented

by green and grey ore. The greater

part of the red earth occurs im-

mediately at the surface and along

the quartz veins. When it occurs

silicified it consists, according to

microscopic examination by
Krusch, in greater part of a

mixture of quartz and chalcedony,

these minerals exhibiting a banded

structure similar to that formed

at the gradually widening replace-

ment of a rock by quartz, along

a fracture. The cavities between

the quartz layers are filled with

ferric hydrate.

Green ore consists of masses of

red earth or highly decomposed

serpentine, traversed by veins of

nickel silicate. When the meta-

somatic replacement of the rock is

still more advanced, green knotted

ore arises. The term grey ore is

applied to a very nickeliferous

serpentine which, though under-

FiG. 398.—The serpentine belt nortli ol"

Frankenstein in Silesia.
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going decomposition, still retains very clearly the character of serpentine,

being distinguishable from that rock only by its higher nickel content,

which is 1-2 per cent.

The white decomposition of the serpentine is independent of, and older

than the formation of the nickel ore ; kernels of white decomposed serpent-

ine are consequently frequently found in the nickel ore and in the red

earth, while a more complete replacement of the serpentine has resulted in

the formation of white patches. Of the characteristic white minerals, the

kerolite is apparently younger than the magnesite, which it replaces.

Chrysoprase is the younger chalcedony coloured a bright green by the

small amount of nickel it contains ; in addition, opal and pras-opal also

occur. These are in part contemporaneous with, and in part older than

the nickel ore.

Saccharite is a white, more seldom grey, mineral aggregate, concerning

the origin of which, opinions have hitherto difiered. While Glocker believed

it to be a special felspar, Liebisch regarded it as a fine-grained assembly

of plagioclase crystals in which small green hornblende individuals and

blue-black tourmaline were in small amount included. Von Lasaulx and

Krusch by microscopic examination found in addition, orthoclase, garnet,

diopside, epidote, mica, and a little quartz. One analysis gave 58-9 per

cent of SiOa, 23-5 per cent AI2O3, 5-67 per cent CaO, and 7-42 per cent NagO.

This mineral aggregate occurs vein-like or apophysis-like in the serpentine

and its weathered products ; the width of its occurrence in the district of

Benno-Siid was proved by boring to be about 50 metres. According to

Krusch the saccharite is a differentiation product of the syenite, like which

it exhibits contact phenomena.

The green nickel ores represent hydrated nickel-magnesium silicates

of very variable qualitative and quantitative composition. All contain

principally silica, water, ferrous oxide, ferric oxide, magnesia, and many
also alumina. The nickel content varies between very wide limits, the

following minerals being distinguished : pimelite, with 2-78-32-66 per cent

NiO ; schuchardite, with 5-16-5-78 per cent
;
garnierite (?), with 38-61 per

cent ; and the above-mentioned green knotted ore. The brown-green

variety of this last constitutes the rich ore of the occurrence.

Grey ore, containing 1-2 per cent of nickel and representing a more

advanced stage in the decomposition of the serpentine, is a discovery of

more recent years.

The nickel ores therefore are associated with red decomposition zones

in the serpentine, these in their turn owing their great extent to the quartz

veins. As has already been explained,^ these garnierite occurrences have

been formed by immediate lateral secretion, and probably by similar

1 Anle, p. 191.
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processes to those which were active in New Caledonia, that is, by decom-

position proceeding from the surface and from quartz veins.

The economic importance of Frankenstein, though, it is true, not

great, cannot however be ignored. About 10,000-12,000 tons of low-

grade ore are produced yearly, such ore being smelted with high-grade ore

from New Caledonia,

Riddles in Douglas County, Oregon

LITERATURE

F. W. Clarke and J. S. Diller. ' Some Nickel Ores from Oregon," Am. Journ. XXXV.,
1888.—B. H. V. FoiJLLON. Loe. cit., 1892.—W. L. ArsTix. Nickel, Second Paper, ' The
Nickel Deposits near Riddles, Oregon,' Colorado Scien. Soc. Denver, Jan. 6, 1896.

Within a fairly small area of in part serpentinized saxonite—an olivine-

enstatite rock in which the olivine contains 0-26-0-32, and the enstatite

or bronzite 0-05 per cent of ferrous nickel—genthite deposits in the form

of numerous mostly narrow fissure-fiUings carrying some quartz or chryso-

prase, occur ; these deposits are limited to the neighbourhood of the surface.

In addition, nickel hydrosilicate is found in the loose detritus.

In the exploration work prosecuted about the year 1890, impoverish-

ment became apparent at a depth of 15 metres. The country-rock consists

partly of serpentine and partly of a slightly-serpentinized saxonite ; in this

case therefore the nickel silicate camiot be the end product of ordinary

serpentinization. In this district also there are at the surface extensive

deposits of an impure iron-ochre. The formation of nickel silicate by

surface weathering, already discussed when describing New Caledonia,

would consequently appear to apply here also.

Austin assumed the action of heated waters. Foullon considered he

was able to recognize successive stages in the deposition of the ore.

According to him, thin layers, varying in colour from white to sap-green,

in which silica, magnesia, very little iron, and some nickel, were con-

tained, were the first to be deposited. Later, in Tertiary time, these

in tm'n became altered, with the result that genthite became deposited

in the larger fissures.

Up to 1896 about 3000 tons of ore containing some 5 per cent of

nickel had been produced, this production being spread over many years

in which operations were only on a small scale. The deposits are of no great

importance. At Webster in North Carolina, narrow unpayable stringers

of genthite and gymnite, accompanied by some talc, occur in a partly

serpentinized dunite.^

1 Clarke and Diller, loc. cit. ; S. H. Emmons, Eny. and Min. Journ., 1892, p. 476; P. H.

Wurtz, Amer. Ass. Adv. Sc. XII. p. 24, and Am. Journ. Sc. 2, XXVII. p. 24.
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Revcla or Revdinsk in the Urals, in the neighbourhood of Ekaterinburg,

differs from the above occurrences in that the nickel hydrosilicates occur

in an antigorite- serpentine, resulting, according to Foullon, from an

olivine-free augite rock. At the surface the country-rock is completely

decomposed and consists largely of ochreous products. This deposit

justified only a small amount of exploration work, which reached to a

depth of 50 metres.^

Green hydrated nickel-magnesium silicates in serpentine and associated

rocks, have also been remarked in many other places, as for instance in

Western AustraUa and in Madagascar. ^

At Foldal in Norway, a thin layer of nickel silicate on steatite occurs.^

Nickel silicate is also known along joint-planes in serpentine-asbestos

at Meigern in Valais, and as a coating along fractures in chromite at Texas

in Lancaster Co., Pennsylvania, where nickel-smaragd, that is, basic nickel

carbonate, also occurs. Finally, an occurrence at Alt Orsova in Hungary
must be mentioned.* These small occurrences also suggest lateral secretion

from peridotite or serpentine.

Of late years several ship-loads of hydrated nickel-magnesium sihcates

containing 5-7 per cent of nickel and exactly resembling the New Cale-

donian ore, have been exported from Greece as well as from Egypt, though

details concerning the deposits are not known.

The Nickel Production of the World and its Distribution among the

Various Classes of Deposit

The production of nickel for industrial purposes began in the early

'twenties. The world's production of metallic nickel and, in the early

years, that of nickel in copper-nickel, has been as follows :
^

1906-1910
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200,000 toils of nickel. In the year 1910 itself, the production had risen

to 20,100 tons. The price per kg. of pure nickel has been:

1900-1911
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2. Nickel-pyrrhotite deposits :

Sudbury, since 1885 . . . . . about 80,000 tons.

Norway, since 1848 „ 5,000 „
Klefva in Sweden, 1838-1888 . . . „ 900 „
Other occurrences, together 1000 or at most . 2,000 „

Total about 87,000 tons.

3. Nickel-arsenide, including millerite and niccolite, in nickel-arsenide lodes and as a
by-product when smelting ore from other lodes : A total estimated at only a few thousand
tons and not more than 4000 tons.

4. Metasomatic deposits, Mine la Motte, etc., estimated at about 1000 tons.

Nickel is a pronounced basic element ^ and accordingly the two most

important types of nickel deposit, the nickel-pyrrhotite group and the

garnierite group, are found genetically associated with basic eruptive rocks.

There is no doubt also that several of the nickel arsenide- and sulphide lodes,

as for instance those at Dobschau and Dilleuburg, are closely associated with

basic eruptives, in which case the nickel contained in these may also be

traced to the low nickel content of basic magmas.

The manufacture of cobalt-blue or smalt, an art which existed even

in ancient times, began in Saxony as far back as the beginning of the

sixteenth century. The amount produced however has always been com-

paratively small ; for instance, that produced in Saxony, Prussia, Sweden,

Norway, and the United States from 1891 to 1900 amounted to only 500-600

tons yearly. During the nineteenth century the metallic cobalt in smalt

and other cobalt products may accordingly be put down as only some 50,

or at most 100-200 tons yearly. Latterly however, owing to the large

production at Temiskaming in Canada,^ there has been a considerable

increase.

About the middle of the 'forties, owing to the discovery of artificial

ultramarine, the price of cobalt fell. Of late years a further drop was

consequent upon the exploitation of the silver-cobalt deposits at Temis-

kaming. The price per kilogramme of cobalt in ore containing on an

average 5 per cent of cobalt, was a few years ago about seven shilHngs.

The exploitation of cobalt ores takes place principally in the following

classes of deposit

:

1. Silver-cobalt- and silver-cobalt-bismuth lodes at Temiskaming in

Canada and at Schneeberg in Saxony.

2. Cobalt- or cobalt-nickel arsenide- and sulphide lodes, to which the

cobalt fissures mentioned on page 948 also belong.

3. Asbolane deposits, principally in New Caledonia.^

4. Fahlbands, upon which operations are no longer prosecuted.

1 Ante, pp. 153, 158. ^ Ante, p. 668.

3 Ante, p. 950.
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THE GENESIS OF LODES, R:^STOIE

A. G. Werner, ' the Father of Geology,' in his Neue TJieorie von der

Entstelmng der Erzgdnge, pubhshed at Freiberg in 1791, stated that lodes

in general, and more particularly those best known to him at Freiberg,

were filled from above. General impoverishment and disappearance of

the lodes in depth were the corollaries of this descension theory.^ In

consequence of the high repute in which Werner was held, for decades

and even generations this view exercised an unfavourable influence upon

the development of mining.

In isolated cases the apphcabihty and correctness of the descension

theory have been demonstrated. ^ As pointed out particularly by F. C.

Beust in 1840,^ it is however entirely untenable for the explanation of

the origin of by far the majority of lodes. This old descension theory

has nevertheless often reappeared, and always in some new guise. Charles

Moore, for instance,* maintained that the lead lodes in the Carboniferous,

Rhaetic, and Liassic limestone in North Wales and the north of England,

were filled from above. Chr. Miinster, again, in 1894 ^ discussed the

possibilitv of the silver of the Kongsberg lodes having been derived from a

Palaeozoic sheet originally overlying these lodes but subsequently removed

by erosion ; while many Swedish mining engineers even in the last decade

defended the \dew that the iron deposits at Persberg, Langban, etc.,^ had

resulted from transport of iron by meteoric waters from surface into depth.

From this theory it must logically be concluded that deposits rapidly pinch

out in depth.

The crusted and banded structure of many lode-filhngs ; the nature

of the characteristic gangue-minerals, quartz, calcite, barite, zeoUtes, etc.

;

and the secondary formation of minerals such as chlorite, sericite, epidote,

calcite, etc., in the country-rock, compelled a generation ago the assumption

that the filling of ordinary lodes, as for instance those in the Freiberg

and Clausthal districts, was by deposition from aqueous solutions, these

being principally heated waters or hot springs.

So far as is known, only the so-called a-quartz of prismatic habit is

found in lodes, and not the /3-quartz which occurs as dihexahedra in eruptive

rocks. Under the pressure of one atmosphere the dividing fine between

the formation of these two varieties occurs at 570° C, and this figure

accordingly gives an approximate idea of the maximum temperatures

1 Ante, p. 189.

2 Ante, pp. 189, 190, and the coming description of the Lake Superior Iron Ore Occur-

rences. ' Kritische Beleuchtung dtr Wernerschen Gangtheorie.

* Report of the Brit. Ass. Acad, of Science, 1869, p. 360.

B Loc. cit., p. 660. 6 ^4nte, pp. 378-394.
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which existed at the formation of lodes. Most lodes characterized by

zeolites were probably formed at temperatures of 100°-200°, more rarely

at 300°, and generally speaking the temperatures were below the critical

temperature of water, namely, 365° C.

About the middle of last century most authorities concluded that

the solutions with their metal content ascended from depth. ^ A few,

including J. G. Forchhammer ^ and G. Bischoff ,^ considered that the metal

contents were leached from the country-rock and carried laterally to the

fissure. This lateral secretion theory in the 'seventies and 'eighties found

in F. V. Sandberger a supporter as skilled as he was enthusiastic. His

thesis, however, after a long discussion was most zealously and success-

fully controverted by A. W. Stelzner. The most important w^orks dealing

with this question are :

Fr. v. Sandberger, ' Zur Theorie der Bildung der Erzgange,' Berg- u. Hiittenm. Ztg.,

1877, No. 44-45.— ' Untersuchungen iiber den Gehalt an schweren imd edlen Metallen in

Augiten, Hornblenden und Glimmern,' Neues Jahrb. f. Min. Geol., Pal., 1878.
—

' tjber die

Bildimg von Erzgangen mittels Aiislaugnng des Nebengesteins,' Berg- u. Hiittenm. Ztg.,

1880, No. 38 ff., and Zeit. d. d. geol. Ges., 1880.—Untersuchungen iiber Erzgange, I., 1882,

and II., 1885.— ' Neue Beweise fiir die Abstammung der Erze aus dem Nebengestein,'

Verhandl. d. phys.-med. Ges. Wiirzburg, 1883.
—

' tfber die von der k. k. osterreichischen

Regierung veranlassten Untersuchungen an den Erzgangen von Pi-ibram,' Sitzungsber. d.

Wiirzburger phys.-med. Ges., 1886.—'Bemerkungen iiber den Silbergehalt des Glimmers aus

dem Gneise von Schapbach u.s.w.,' Neues Jahrb. f. Min., 1887, I.
—'Silberbestimmungen in

Glimmern aus Freiberger Gneisen. Untersuchungen iiber das Nebengestein der Pfibramer

Erzgange,' Neues Jahrb. f. jVIin., 1888, I.
—'Bemerkungen iiber die Resultate der Unter-

suchungen von Nebengestein der Pribramer Erzgange,' Verhandl. d. k. k. geol. Reichsanst.,

1888, No. 3. Also :
' Untersuchungen von Nebengesteinen der Pfibramer Gauge mit Riick-

sicht auf die Lateralsekretionstheorie des Prof. Dr. v. Sandberger,' Berg- u. Hiittenm. Jahrb.

d. osterr. Bergakad., 1887, XXX.—Publications by : M. Ritter v. Friese, Osterr. Zeit. f.

Berg- u. Hiittenwesen, 1887, XXXV.; J. Gretzmacher, ibid., 1888, XXXVI. ; A. Patera,

Verhandl. d. k. k. geol. Reichsanst., 1888, No. 11.—E. Carthaus. 'Die Sandbergersche

Erzgangtheorie,' Zeit. f. prakt. Geol., 1896, pp. 107-112.

A. W. Stelzner, ' Die iiber die Bildung der Erzgange aufgestellten Theorien,' Berg- u.

Hiittenm. Ztg., 1879, No. 3, and Zeit. d. d. geol. Ges., 1879.-^' Die Lateralsekretionstheorie

und ihre Bedeutung fijr das Pribramer Ganggebiet,' Jahrb. d. osterr. Bergakad., 1889,

XXXVII.— ' Beitrage zur Entstehung der Freiberger Bleierz- und der erzgebirgischen

Zinnerzgange ' (posthumous), Zeit. f. prakt. Geol., 1896. —F. Kolbeck, ' tJber die

Untersuchung eines Glimmers durch die trockene Probe ' (auf Silber), Jahrb. f. d. Berg-

u. Hiittenwesen, Saxony, 1887, II.

The frequent occurrence of calcite veins in Umestone, of small quartz

veins in quartzite, etc., of fissure-filhngs containing gypsum in selenite beds,

and of calcite- and zeohte amygdaloids in many eruptive rocks, point to

deposition from aqueous solutions, which have leached the constituents

in question from the immediate country-rock and deposited them later in

open spaces within that rock.

In such manner, as already mentioned, the genesis of the garnierite

1 Ascension theory, ante, p. 190.

2 Pogg. Aim. XCL, 18.54, pp. 568-585, and Vol. XCV., 1885, pp. 60-96.

3 Chemische Geologic, 1st Ed., 1855, II. pp. 2109, 2121-2126.
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veins in peridotite and serpentine may be explained. ^ Several manganese-

and iron lodes have a like origin.^ Many investigators similarly explain

the occurrences of native copper accompanied by calcite, zeolites, etc., in

basic sheets.^ Sandberger and the other extreme defenders of the lateral

secretion theory went however much farther; they apphed the same

theory to the genesis of the lead-silver lodes in the Erzgebirge and at

Pribram, etc., and even to the tin lodes in granite.

Sandberger considered he had proved that the relatively uncommon

heavy metals, such as copper, zinc, lead, etc., and even silver, occur in

fairly appreciable amount in the ferro-magnesian sihcates of the eruptive

rocks, gneisses, etc., particularly. This metalliferous content he considered

would at the decomposition of these sihcates be released from its combina-

tion vnih silica and carried to the lode fissure, to be deposited there in

combination with sulphur, arsenic, or antimony. He proposed therefore

a chemical prospecting for lodes, which should consist in testing the rocks

or their minerals for their possible heavy-metal content. Such a detailed

examination was actually undertaken by a Government commission

about the middle of the 'eighties in the lead-silver district of Pribram,

but without economic result.

As already mentioned,^ on different grounds the conclusion is justified

that even the relatively uncommon heavy metals are contained in many

rocks in small amount, though Sandberger greatly overestimated the per-

centage. Further, his opinion that the heavy metals, copper, lead, silver,

etc., occur as constituents of mica, hornblende, and augite, was also in the

main mistaken. As the result of most careful analyses undertaken at the

instigation of Stelzner, it was demonstrated that the micas in question, so

far as the methods of analysis allowed, were free from copper, silver, etc.,

but that frequently a small amount of mineral sulphide had migrated from

the lode fissure into minute cracks in the country-rock. This possibility

had been overlooked by Sandberger, who consequently in his analyses had

determined not the original heavy-metal content in the rock but the small

quantity which had migrated from the lode fissure. J. K. Don,^ by

numerous analyses of the gold-quartz lodes in Austraha, determined that

in general the presence of gold in fresh country-rock is not demonstrable

at a great distance from the lodes, though gold is frequently found as a

migrated constituent in their neighbourhood. For these reasons and others

mentioned elsewhere, the lateral secretion theory in the sense of Sandberger

is not applicable to the explanation of the origin of the silver-lead-zinc- or

the copper lodes.

1 Anfe, p. 953. ^ .^nie, p. 852. ^ j^rde, p. 934.

* Ante, pp. 153-158, and elsewhere.

^ ' The Genesis of Certain Auriferous Lodes,' Trans. Amer. Inst. Min. Eng. XXVII.,

1897.
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A new interpretation of the genesis of lodes, though really a strong

amplification of the lateral secretion theory, has been put forward by C. E.

Van Hise, whose principal works are the following :

C. R. Van Hise, ' Some Principles controlling the Deposition of Ore," Trans. Amer.
Inst. Min. Eng. XXX., 1900; and in Genesis of" Ore-Deposits, 1902, pp. 282-432.—'A
Treatise on Metamorjjhism,' U.S. Geol. Surv. Monogr. XVII., 1904.

Reference must also be made to the discussion on Genesis of Ore-DejDOsits, Meeting of

Amer. Inst, of Min., Washington, Feb. 1900 (printed 1902), with copy of Fr. Posepnf s

The Genesis of Ore-Deposits, and contributions by C. R. Van Hise, S. F. Emmons, W. H.
Weed, W. Lindgren, J. H. L. Vogt, J. F. Kemp, W. P. Blake, T. A. Rickard, etc. : as well

as to a similar discussion before the Geological Society of Washington at the beginning of

1903, with contributions by 8. F. Emmons, W. H. Weed, J. E. Spurr, W. Lindgren, J. F.

Kemp, F. L. Ransome, T. A. Rickard, C. R. Van Hise, and C. W. Purington, under the

title, ' Ore-Deposits,' printed in the Eng. Min. Journ., New York, May 1903.

According to its behaviour under the pressure existing at different

depths. Van Hise divides the lithosphere into three zones :

1. Zone of fracture, in which fissures may result from pressure.

2. Zone of fracture and flowage, an intermediate zone.

3. Zone of flowage, in which the rocks under the exceedingly high

pressure are plastically deformed without the formation of fissures.

The first zone. Van Hise estimates, probably reaches a depth of some

10 kilometres, though this depth will vary with the character of the rock.

Leaving out the deposits formed by magmatic differentiation and sedi-

mentation. Van Hise considers that in general the origin of other deposits

may be explained by the action of underground waters, in that meteoric

waters, rain, etc., first dissolved the small heavy-metal content of the rocks

and subsequently deposited it elsew^here. The movement of the under-

ground waters is illustrated in a number of diagrams, two of which are

reproduced in Fig. 400.

At descent, the water, which may even reach the bomidary between

the first and second zones, becomes somewhat warmed, whereby its mobility,

electrolytic dissociation, and consequently its chemical action upon the

country-rock, increase. Such warm water accordingly is in a particularly

favourable condition to take up heavy metals, etc. When such solutions

afterwards ascend, principally through the larger fissures, the dissolved com-

ponents—chiefly owing to decrease in temperature and pressure or to the

mingling with other waters—gradually become precipitated, and ore-deposits

result. It is apparent therefore that according to Van Hise's interpretation

also, lodes were formed in general by heated waters which leached the heavy

metals from the country distant from the lode. This theory differs from

that of tSandberger in that the latter believed in the leacliing of the immedi-

ate country-rock, while Van Hise traces the ore from distances of as much
as one or more kilometres.

Van Hise arrived at his conclusions from a study of the iron deposits in
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the Lake Superior district, in the case of which his theory is appHcable.

In more uncommon cases other lodes and metasomatic occurrences, princi-

pally of iron and manganese, may be similarly explained. Although in

our opinion the heated waters in most cases are the after-effects of eruptive

phenomena, we admit without question that descending water may bring

to these heated waters such constituents as siUca, carbon-dioxide, hme,

etc. ; in this manner, for instance, the barium in the barite of some German

lodes is traceable to the low barium content of the Zechstein or Bunter.

Fig. 400.—Ideal sections of flow of uiKk-rgroinul water.

A, ideal vertical section of the flow of underground water enterint; at one point on a slope and issuing at
a lower point ; B, ideal vertical section of the flow of undergiound water entering at a number of points
upon a slope and passing to a valley below intermipted by two vertical channels.

Van Hise's new theory is in some cases correct, but we cannot agree

to its general application to all lodes, and particularly not to those of gold,

silver, lead, copper, quicksilver, etc. Such lodes in numerous cases are

obviously closely associated in genesis with eruptive phenomena, and have

been formed almost immediately after the eruption. The best examples

of this association are afforded by the young gold-silver- and the young
quicksilver deposits. This manner of formation cannot be made to har-

monize with the theories of Van Hise.

According to his hypothesis also, the character of lodes or of lode-

groups must to some extent be dependent upon the chemical composition

of the country-rock, or upon the geological structure of the district. As
was however mentioned when describing the young gold-silver- and the

old lead-zinc lodes, no such general dependence exists, either on a large or

on a small scale. Nor does Van Hise's hypothesis explain the frequent
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occurrence of the most varied lode-groups, sometimes chemically far

removed from one another, within one and the same limited area, as for

instance at both Freiberg and Schmenitz.

Furthermore, we consider that in the case of tin lodes convincing

evidence is forthcoming that the characteristic elements, tin, wolfram,

and other heavy metals, as well as lithium and fluorine, were extracted

from the magma by a kind of acid extraction,^ and in our opinion it is

highly probable that the heavy-metal content—gold, silver, quicksilver,

lead, zinc, copper, etc.—of ordinary lodes was similarly concentrated.^

The Deposition of Minerals in Lodes

Very frequently, and especially in lodes containing sulphides, the

richest ore is met in the neighbourhood of lode junctions. This phenomenon

is probably due to the fact that the waters circulating in one lode fissure

contained heavy metals in dilute solution, while those circulating in

another contained the precipitant, as for instance sulphuretted hydrogen,

likewise in dilute solution. When then two such solutions met and

mingled, precipitation took place.

It may be assumed that the heavy-metal sulphides, such as, PbS,

AgaS, etc., were not contained as such in solution, but that the cathions,

Pb, Ag, etc., were present in one solution, and the anions, S, etc., in another.

V. M. Goldschmidt has pointed out that the laws of mineral-association

from the view-point of the phase-rule,^ may be employed in explanation

of mineral-association in lodes. He states that :
' The silver-antimony

sulpho-salts form a case in point. In addition to the two simple combina-

tions argentite and stibnite there are five different stoichiometric combina-

tions. Of these minerals, two may occur together and be stable, though

in exceptional cases three may be present. The seniority of the minerals

in all such cases would appear to indicate a system which, while under-

going transition, became fixed by cooling before equilibrium was attained.

Generally speaking therefore, when n = 2—that is, when only two end

members exist, as for instance AggS and Sh^^^—only two minerals may be

expected, since it is little probable that during crystalUzation the exact

temperature of the transition-point existed. We come then to the con-

clusion that : If a mineral may be regarded as a summation product of

two other minerals, it will only be stable when it occurs together with one

or other of those two minerals.'

In point of fact, argentite, AggS, and stephanite, 5Ag2S . SbgSg ;

stephanite and pyrargyrite, 3AgoS . SboSg
;

pyrargyrite and miargyrite,

1 Ante, p. 421. - Ante, pp. 532-534.
3 Zeit. f. aiiorg. Chcmie, Vol. LXXI., 1911.
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AggS . Sb2S3 ; miargyxite and stibnite
;

galena and boulangerite,

5PbS . 2Sb2S3 ; boulangerite and jamesonite, 2PbS . SbgSg ; zinckenite,

PbS . SbgSg, and stibnite, are frequently met in lodes as contemporaneous

deposits, but not the combination argentite and stibnite, or galena and

stibnite. Similarly, chalcocite and bornite, or chalcop}Tite and pyrite or

pyrrhotite, are frequently found occurring together, but not chalcocite

and pyrite or pyrrhotite.

The study of paragenesis is rendered extremely difficult by the fact

that, as indicated by primary crusted structure, the solutions in lodes

frequently change. It is therefore often difficult and even impossible to

make a fine distinction and to separate the contemporaneous processes in

mineral-formation from the consecutive.

The phy^sical chemistry of lode-minerals has hitherto been luit little

investigated, though in all probability in the future its aid %\-ill be requisi-

tioned in the endeavour to understand complex lode occurrences.



ORE-BEDS

The sediments deposited in seas and lakes may be divided into :

[ Macro-clastic : conglomerates, breccias.

1. Clastic sediments : \ Micro-clastic : sandstones.

I Crypto-clastic : clays.

„ „ . ,. , f Coral limestone, Muschelkalk, etc.
2. Organic sediments :

- -.^ ,,. . , ta- ^ ^^ ^ j.

[ JNuilipore limestone, Diatom earth, coal, etc.

3. Chemical sediments : Rock-salt, potassium salt, gypsum, iron-

ochre, etc.

According to their deposition in shallow water or in depth, the present-

day, chiefly mechanical marine deposits may be grouped as follows :

^

A. Coastal deposits :

1. Upper beach zone, pebbles, coarse sand, etc.

2. Zone of finer coastal sand, reaching to a depth of some 200

metres.

3. Zone of coastal mud or clay, reaching to a depth usually

of 700 m., but occasionally 900 metres. In this zone the

following varieties of sediment may be differentiated :

(a) Blue clay, the colour being derived from ferrous

sulphide.

(6) Green clay.

(c) Red clay.

(d) Volcanic sand and clay.

(e) Coral sand and clay.

B. Deep-sea or pelagic deposits, beginning at some 700-900 m. and

reaching, so far as observation goes, down to a maximum depth of roughly

9000 metres :

1. Deep-sea sands.

2 Organic clays.

(a) Globigerina ooze.

1 E. Kayser, Lehrbuch der allgemeinen Geologie, 1909, Part 1.

973



974 ORE-DEPOSITS

(b) Pteropod ooze.

(c) Diatom ooze.

(d) Radiolarian ooze.

3. Red deep-sea clay, particularly extensive in several deep

oceans and characterized among other things by peculiar

concentric encrusted manganese- and iron oxide nodules.

On physical-chemical grounds associated with adsorption phenomena,

a fine slime sinks considerably quicker to the bottom of a solution containing

a salt or electrolyte, than in clear sweet water. The fine clayey mud carried

by rivers to the sea becomes deposited therefore in greater part near the

coast, only an exceedingly small portion reaching the great ocean depths.

In earlier geological periods also and for the same reasons, coastal deposits

predominated quantitatively, while true pelagic deposits formed in great

depth, played only a subordinate part.

As emphasized particularly by E. Kohler,i adsorption processes are of

the greatest importance as factors in the genesis of ore-deposits and in

lithogenesis. Adsorption rests upon the fact '^ that over the surface of a

solid body, as for instance a clay particle, in a mineral solution, a different

concentration of the dissolved material, say for instance of copper sulphate,

exists than in the free solution. Such salts therefore as possess the

property of becoming particularly concentrated over the surface of any

body in suspension, are thereby extracted from the body of the solution in

which they are present. Certain extremely finely compacted bodies which

in proportion to their weight have a large surface, such as charcoal, animal

charcoal, bone charcoal, many other organic bodies, kieselghur, gelatinous

silica, kaolin, clay, etc., accordingly produce a strikingly intense adsorbent

effect. The two last, for instance, have a considerably stronger effect than

quartz grains, which if under a certain size are never precipitated.

The process of adsorption is explained by the follo\ving examples : if

an aqueous 10 per cent, copper sulphate or lead nitrate solution be filtered

through 20-30 grm. of refined kaolin, the filtrate will be practically non-

metalliferous, the copper or lead being almost completely retained by the

kaohn ; again, if a pulp of kaolin or clay be added to a dilute solution

of copper sulphate or zinc chloride, the metalliferous salt is in greater part

adsorbed by the kaolin or clay and vnih it precipitated to the bottom.

Between the adsorbed metaUiferous salt and that portion of it which

remains in solution there exists an equihbrium. The settlement of slimy

material in suspension is not only promoted by salts or electrolytes, but

such material itself may by adsorption precipitate metalKc salts and

1 Zeit. f. prakt. Geol, 1903, pp. 49-59.
^ W. Ostwald, Griindriss der KoUoidchemie, Dresden, 1909.
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oxides. From some salts the metals are adsorbed by the shme in part in

oxidized form as bases, the acid radicles going back into solution.

The different adsorbents such as kaolin, clay, coal, organic substances,

etc., generally exhibit special or specific adsorption, that is, they each

adsorb only one material or only one to an unusual extent, while all other

materials are either not adsorbed at all or only subordinately. Arable land,

for instance, adsorbs or collects potassium salts in a striking manner,

while to a great extent it allows sodium salts to filter through. The
accumulation of iodine in certain marine algae is similarly explained. It

is however a question whether this is adsorption alone or adsorption in

connection with chemical action.

The composition of sea-salt and of the ashes of marine algae ^ exploited

for iodine on the coast of Norway, may be gathered from the following

analyses :
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on old mine timber, and in one lead-zinc mine, sphalerite.^ The body of

a mouse put into a bottle containing a solution of ferrous sulphate became

covered with a coating of small pyrite crystals.^ In the decaying beds of

peat bogs and similar marshes pyrite or marcasite, in part as a covering of

vegetable remains, has repeatedly been observed.^ J. G. Forchhammer *

on the coast of Bornholm found pyrite formed by the action of decaying

fucoids, a discovery made use of by Bischof as far back as the year 1862

in explanation of the presence of pyrite in alum slates, etc. It is also

worthy of mention that pyrite and occasionally other sulphides occur as the

fossilizing material of Ortoceratites, Ammonites, etc. In the Kupferschiefer

the bodies of ganoid fish,^ as well as the leaves and fruit of TJUmannia and

Voltzia, reduced copper and silver from solution, so that sulphides of these

metals were deposited on fish scales and fruit peel.

In enumerating the recent deposits of coastal clay, mention was made of

the blue clay, which consists of grains of quartz and felspar up to 0-5 mm.
in size and is found at some distance from land and at a depth usually

about 700-900 metres. The colour of this clay is due to contained ferrous

sulphide, precipitated by sulphuretted hydrogen. This clay has been

found more particularly in the bed of the Black Sea at depths between

540 and 1290 metres.^ By dredging, two kinds of such sulphide clay are

obtained, namely, black and blue. The former under the microscope

shows ferrous sulphide, FeS, partly in the form of small isolated pellets, and

partly as an impregnation between the grains of sand. Among other

places, these pellets are also found contained in diatoms. Occasionally

nail-shaped aggregates of ferric disulphide, FeSg, are found. The dark

blue clay contains many diatoms, together with some CaCOg and FeS.

The occurrence of sulphuretted hydrogen, HgS, in the water of the

Black Sea, which being comparatively stagnant gets no air and is therefore

poor in oxygen, is connected with the sulphide content of the clay. This

gas is first observable at a depth of 140 m., beyond which depth it increases

considerably, 215, 570, and 655 c.c. having been found in 100 litres of

water from depths of 365, 900, and 2200 metres, respectively. This sul-

phuretted hydrogen is formed by the reduction of the sulphates of certain

anaerobic bacteria which require for their existence organic matter but not

1 G. Bischoff, Lehrbuch der chemischen Geologic, 1863, I. p. 559.

2 C. W. C. Fuchs, Die kunstlich dargestellten Mineralien, p. 55, Haarlem, 1872.

* B. E. Palla, ' Rezente Bildung von Markasit im Moore von Marienbad,' Neues Jahrb.

f. Min., 1887, II. p. 5 ; C. Ochsenius, ' Ganz junge Bildung von Schwefelkies,' ibid., 1898,

II. p. 232.

* Bischof, loc. cit. I. p. 926. * Palaeoniscus, etc.

* N. Androussow, ' La Mer Noire,' Guide des excursions d. VI. Congres Geo], internat.,

St. Petersburg, 1897, No. 29 ; M. Jegunow, Ann. geol. et miner, de la Russie, 1897 ; Review in

Zeit. f. prakt. Geol., 1902, p. 105 ; Sidorenko, Mem. de la Soc. des naturalistes de la nouvelh

Russie, XXI., 1897, Book II. ; Review in Neues Jahrb. f. Min., 1900, I. p. 224.
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free oxygen. It can moreover be formed from sulphm' bacteria,^ which

as part of their vital functions segregate sulphur in their cells, from which

by secondary action sulphuretted hydrogen arises. With regard to the

iron bacteria, reference to these is made later.

Among recent deposits which have thrown light upon the origin of

sedimentary ore-deposits,^ first place must be given to : the mechanical

deposits of iron sand, especially titaniferous iron sand, in rivers and on

sea shores, and other recent gravels ; the chemical deposits of iron- and

manganese oxides, and especially the lake- and bog ores ;
^ and finally, the

above-mentioned blue sulphide clays. Upon this subject also, a further

study of the phenomena of adsorption and of the iron- and sulphur

bacteria, etc., would prove most illuminating.

The bituminous slates of different geological formations are frequently

and particularly characterized by containing a fairly large amount of

sulphide minerals, and especially pyrite. The alum slates, which often

contain 3-10 per cent of carbonaceous matter together with about 2-5

per cent of pyrite, were formerly used in many countries, as for instance

in Germany, Austria, Sweden, Norway, etc., for the production of alum.^

A considerable portion of the pyrite of these alum slates is primary,

though a small amount may be due to secondary impregnation. In

addition to pyrite and sometimes pyrrhotite, a small copper content may
exceptionally be found in alum slates.^ Several investigators in explaining

the organic matter and the pyrite in these slates have aptly referred to

the above-described recent blue clay, which is similarlv constituted.^

This question is further discussed when describing the Kupferschiefer.

The recent mechanical deposits, such as ferruginous gravels, magnetite-

and titaniferous-iron sand, as well as the recent chemical deposits in shallow

water, for instance the lake ores, are characterized by great variation in

thickness. The lake deposits in particular have this characteristic, though

even deposits assembled in greater depth possess as a rule no great con-

formity either in thickness or bedding.

The normal sediments, such as conglomerate, sandstone, limestone,

clay-slate, etc., all of which, apart from the presence of some iron and
manganese, are practically free from heavy metals, are formed in sea- or

lake water of normal character. The formation of metalliferous sediments

containing a fairly high metal content must therefore have resulted from

some special transport of heavy metal to the sea- or lake water, though

1 F. Lafar, Hmidbuch der techn. MykoJogie, Vol. III. pp. 214-243, Jena, 1904-1906.
2 Ante, pp. 14, 192-194. s Postea, p. 982. * Ante, pp. 73, 74.

^ F. Slavik, ' Uber die i\laun- und Pyritschiefer,' Bull, internat. de VAcademie des

Sciences de Bohmen, 1904.

6 F. Pompecky, Geogn. Jahresheft, 1901, Vol. XIV. p. 185, and R. Delkeskamp, Zeit. f.
prakt. GeoL, 1904, p. 296.
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the iucremeut in general would be relatively limited. Metalliferous

deposition would also frequently be influenced by local phenomena, as for

instance by floods, and by the quantity or quahty of any adsorbent present.

G-enerally speaking, therefore, the regularity associated with ordinary

non-metalliferous sediments may not be expected with ore-beds.

Formerly, conformity mth the enclosing beds and a bedded or banded

structure, were regarded as sufficient proof of the sedimentary origin of an

ore-bed. According to observation in the last decades, however, the

same characteristics are shown by many other classes of deposit. As the

result of injection, pressure-metamorphism, etc., magmatic deposits may
frequently have the same morphological character as ore-sediments

;

in fact, the magmatic intrusive pyrite deposits, of which the Norwegian

pyrite deposits are typical representatives, were formerly regarded by

several authorities as examples of metalliferous sedimentation. Contact-

deposits, which in most cases are formed from limestone, may likewise,

when only certain layers have been altered, present a bedded character.

Such deposits formerly were frequently regarded as sediments. Similar

circumstances have also obtained with many metasomatic iron- manganese-

and lead-zinc ores. A solution containing heavy metals may occasionally

penetrate several rock thicknesses, though precipitation need only take

place in certain beds. Such precipitation may depend upon the presence

of a reducing carbonaceous substance, or, as pointed out by E. Kohler,^

it may be brought about by the adsorbent action of finely distributed

kaolin or clay substance present only in certain beds.

There are accordingly numerous difierent processes by which epigenetic

deposits with bedded structure may be formed ; indeed it can often

be incontestably proved that an apparently conformable, bedded, and

banded deposit, is in fact of epigenetic origin. It is much more difficult

as a rule to produce conclusive evidence of the sedimentary nature of a

deposit. We would recall the prolonged discussion concerning the origin

of the Kupferschiefer, the Rammelsberg pyrite bed, the auriferous

conglomerate of the Witwatersrand, the different fahlbands, and many

iron deposits in the fundamental rocks, etc. With all these deposits

there are even now many questions which have not yet been answered

to general satisfaction. In the chapter on ' Ore-Beds ' therefore, we

are compelled to treat not only undoubted sediments, but also such

occurrences as generally speaking exhibit the principal characteristics of

sedimentary beds, namely, conformity and bedding, though their genesis

may not yet have been finally determined.

The tectonic disturbances—folds, overthrusts, faults, etc.—which

ore-beds have suffered, have already been dealt mth.^ It need only be

1 Zeit. f. prakt. Geol, 1903. - Pages 17-34.
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repeated that ore-beds in certain formations have been altered by pressure

and occasionally also by contact-metamorphism. Reference to the latter

has already been made.^

Now and again, and independent of the formation of gossan or of

oxidation and cementation, subsequent chemical alterations are found to

have taken place with ore-beds. Among these belong the concretionary

formations described later when dealing with the clay - ironstone and

blackband ironstone, but more important is such tremendous secondary

transport of metal as, for instance, has taken place with the large iron

deposits of Lake Superior.

THE IRON ORE-BEDS

Chemistry of the Sedimentation of Iron- and Manganese Ores

The springs, drainage water, etc., arising in the present zone of

weathering carry in general some iron, manganese, lime, magnesia, alumina,

and alkali, as well as more or less carbonic acid, silicic acid, phosphoric

acid, sulphuric acid, etc., in dilute solution. The iron occurs principally

in the ferrous condition and subordinately in the ferric ; the manganese is

found only in the manganous condition and not in the manganic. In bog

water, with these salts and acids, more or less humic acid, to which reference

is made later,^ is associated.

When a spring containing no humic acid or other organic substance

emerges at the surface, it suffers oxidation from atmospheric oxygen,

while at the same time the dissolved carbonic acid escapes. In the case

of a solution containing relatively much iron, some manganese, etc., but

relatively little lime and magnesia, the stages in the resultant precipitation

are as follows :

1. Firstly, the bulk of the iron becomes precipitated, mainly as hydrate,

together with a fairly large amount of the dissolved silicic, phosphoric, and

arsenic acids, but with relatively little manganese, lime, or magnesia. In

this first stage the greater portion of the solids in suspension is likewise

deposited.

2. Later, the bulk of the manganese is precipitated, more particularly

as the dioxide, MnOg, or its hydrate.

3. Finally, and presuming bicarbonate solutions, comes the deposition

of the carbonates, and especially those of lime and magnesia, following

upon the escape of the carbonic acid.

These stages are illustrated in the accompanying graph, Fig. 401, where

zero on the left marks the beginning of oxidation, where the abscissae record

1 Ante, pp. 350, 351. 2 Po^itea, p. 98G.

VOL. II 2 H
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the times from the begimiing of precipitation, and the ordinates the various

amounts precipitated. This graph was drawn largely from analyses

by Berzelius, Bischof, Bromeis and Ewald, Fresenius, Justus Roth, and

others, of depositions from springs at different distances from their

emergence at surface.

^

Ferrous oxide oxidizes relatively quickly to ferric oxide, which is

precipitated from a neutral or weak acid solution, much of the silicic and

phosphoric acids being precipitated at the same time. The manganous
salts, on the other hand, are not oxidized in an acid solution, though oxida-

tion gradually takes place in a neutral or weakly basic solution.

These reactions pertain to oxidizing and purely inorganic precipitation.

With neutral or reducing precipitation, and especially at escape of

carbonic acid from solutions containing ferrous oxide and manganous

bicarbonate, the procedure is substantially different, and FeCOg and MnCOg
are precipitated approximately sinmltaneously and together. The siderite

Fig. 401. -Graphic representation of oxidizing precipitation from ferruginous and niauganifcrous

solutions. I, II, III representing different stages in this precipitation. Vogt, Zeit. f. prakt.

(jleol, 1906, p. 227.

lodes, which are usually characterized by a considerable manganese content,

are evidence of this commmiity in precipitation.

In relation to iron and manganese it must therefore be noted that

with neutral or reducing precipitation both are precipitated simultaneously,

while with oxidizing precipitation the iron is first precipitated with some

manganese, and later the manganese with some iron. There are numerous

examples of this separate precipitation ; thus, the deposits of iron- and

manganese ochre ; that for instance at Glitrevand in Norway described

later,^ where near the point of emergence principally iron-ochre with clay,

gelatinous silica, and relatively much phosphoric acid, are precipitated,

while at a distance principally manganese ochre together with relatively

little iron, little gelatinous silica, and little phosphoric acid, are found.

Again, with many occurrences in the ferruginous mica-schists or itabirite

of northern Norway and of Brazil separate deposits of iron poor in man-

1 Vogt, Salten og Ronev, 1890-1891, pp. 139-156 ; Zeit.f. prakt. Geol, 1906, pp. 226-227.

- Postea, p. 984.
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ganese on the one side, and of manganese with more or less iron on the

other, may be observed. Other examples wll be found in the description

of manganiferous lake ores.

In the rocks of the earth's crust iron occurs the most extensively of

all the heavy metals, while manganese occupies the second place,^ the rela-

tion between the two amounts being on an average 1 part of manganese

to 40-70 parts of iron. Chromium, nickel, cobalt, etc., occur only sub-

ordinately. Iron and manganese in the processes of weathering and

decomposition go equally readily into solutiou. For tliis reason manganese

in general plays a more or less prominent part in such iron deposits as have

been formed by hydro - chemical processes, and a transition sequence

between the sedimentary iron- and manganese deposits can be established.

Of late years roughly 140,000,000 tons of iron ore with an average of

about 46 per cent of iron and 1-2 per cent of manganese have been produced,

as against 1,600,000 tons of manganese ore with roughly 50 per cent of

manganese and a small percentage of iron. The relation between iron and

manganese in the total ore production accordingly coincides approximately

with that in the rocks of the earth's crust. In individual cases, it is true,

somewhat more manganese is found in the ore won, since manganese ore

and manganiferous iron ore are more valuable than ordinary iron ore.

Chromium, nickel, cobalt, tin, etc., unlike manganese, are almost

completely absent from sedimentary iron deposits ; at most they occur

here and there in traces. This is accounted for in the first place by their

much more scanty distribution in the crust. It must however further be

considered that chromium occurs principally in peridotite and its associated

rocks, where it is contained in greater part in the resistant spinel, picotite.

Concerning nickel, it must also be taken into account that this metal, as

experience with the garnierite deposits has shown, is precipitated fairly

quickly when contained in a silicated solution. Cobalt is chemically more

closely related to iron and manganese than is nickel ; it occurs in the

asbolane deposits,^ which in their character are closely alhed to the

manganese occurrences.

Some sedimentary iron deposits, as for instance the clay- and blackband

ironstones, contain considerable admixtures of clayey material, while

numerous others contain but little of such material.

Most sedimentary iron ores are mixed with more or less SiOg, and

some CaO, MgO, and AI2O3, the lime and magnesia occurring partly with

the silicates and partly with the carbonates. Alkalies occur sparingly,

and titanic acid is as a rule completely absent. Phosphoric acid on the

other hand always occurs, and often in large amount.^

1 Ante, pp. 152, 153. 2 A^iie, pp. 951, 957.

3 Ante, p. 980, and the following chapter on Lake Ores.
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Lake- and Bog-Ore Beds

literature

F. M. Stappf. ' tjbcr die Entstehung der Seeerze,' Zeit. d. d. geol. Ges., 1866, Vol.

XVIII., and in Jemkontorets Annaler. Stockholm, 1865.

—

Ossian Aschax. ' Die

Humusstoffe . . . imd ihre Bedeutung fiir die Bildung der Seeerze,' Helsingfors, 1906 ;

extract in Zeit. f. prakt. Geol., 1907, pp. 56-62.—A. E. Arppe. Finska Vet.-Soc. Forh. XI.,

1868-1869.—C. E. Bergstrand. ' t)ber Vivianit in Eisenocker u.s.w.,' Geol. Foren. Forh.

II., 1875.—A. F. Thoreld. ' Fragen beziiglich der Regenerationszeit der Seeerze,' ibid.

III., 1876.—A. W. Cronqost. ' Seeerze in Sodermanland,' ibid. V., 1881, and Eisenocker

in Helsingland, VIII., 1886.

—

Johs. Aschan. ' Uber manganreiche Seeerze in Finnland,'

Teknikern, Helsingfors, 1906.—J. H. L. Vogt. ' Uber Manganwiesenerze und iiber das

Verhaltnis zwischen Eisen imd Mangan in den See- und Wiesenerzen,' Zeit. f. prakt. Geol.,

1906.—F. Senft. Die Torf-nnd Limonitbildungen u.s.w. Leipzig, 1862.

—

Vax Beji-

MELEX. ' tjber Siderit und Vi\ianit in Wiesenerzen u.s.w.,' Arch. Xeerlandaises, 1896, XXX.,
and Zeit. f. anorg. Chemie, 1900, XXII.

—

Gaertxer. ' Vi\'ianit und Eisenspat in mecklen-

burgischen Mooren,' Arch, des Ver. der Freunde der Naturgesch., Mecklenburg, 1897, LI.

—

P. H. Griffix. ' The Manufacture of Charcoal-Iron from the Bog- and Lake Ores of the

Three Rivers District, Canada,' Trans. Amer. Inst. Min. Eng., 1892, XXI.—For the other

American literature see J. F. Kemp, The Ore-Deposits of the United States and Canada.

—H. MoLiscH. Die Pflanze in ihren Beziehungen zum Eisen. Jena, 1892.

Lake- and bog ores mostly contain much iron and little manganese,

sometimes the iron content is about the same as that of manganese, while

only exceptionally does the manganese preponderate. Between the two

extremes the passage is gradual, and the iron lake- and bog ores and the

manganese lake- and bog ores may therefore be discussed together.

Lake ores occur in shallow lakes and, according to experience in

Finland and Scandina\aa, more particularly at a depth between 1 and 5 m.,

and seldom at depths of 10 m. or more. They have not been observed

at depths of less than 1 m., that is, they do not occur immediately at the

water line. Bog ores are found, as the name indicates, in meadows,

morasses, or other marshy depressions containing the stagnant water in

which they were formed. Now and then lake ores from dried-up lakes are

also found in marshes. The most extensively occurring variety of lake ore

is usually fairly poor in manganese, exhibits a characteristic oolitic or

pisolitic concretionary structure, and consists in greater part of fairly

compact grains 2-7 mm. in diameter. From this structure the terms bean-,

pea-, or powder ore, often given to this ore, are derived.

Pea ore, consisting almost entirely of grains of pea size, is particularly

extensive. When these peas are cemented together by iron-ochre to form

small discs the ore is kno^\^l in Sweden as ' penny ore.' Lake ore

frequently occurs as an incrustation on vegetable remains. Often too

it occurs in somewhat larger masses spoken of as ' fragmentary ore.' The

grains are partly embedded in clay, and partly free, in which latter case

they form more or less continuous masses. The thickness of the bed is

usually one or two decimetres, and rarely as much as 0-5 metre. The

clay adhering to the graiiis, etc. is easily removed by washing.
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At times, with the yellowish-brown manganese-poor ores, darker, loose,

and friable patches rich in manganese dioxide occur, made up of grains

varying in size from a pin's head to an egg. Here and there, as for instance

Fig. 402.—Nodules of lake ore from Storsju ; natural size. Vogt.

Tht- Jiijhtly dotted and mostly round areas are of iron-ochre poor in manganese ; the dark dotted base is

ferruginous manganese dioxide.

at the Storsjo lake in south-east Norway, the yellowish-brown manganese-

poor grains are cemented together, as illustrated in Fig. 402, by a hard,

dark material verv rich in ferruginous manganese dioxide. In such cases
•J DO

a definite sequence in precipitation can be established, namely, first,

Ouartz-
Peat CovenVic

in Clau, Sand, Boulders.
lUm "

B Manganese bog ore. E3 Iron bog ore.

Fig. 403.—Manganese bog ore in the Borvik valley near Glitrevand.

Vogt, Zeit. f. 2»-akt. Geol., IQOU.

iron and a little manganese ; and afterwards, manganese with more or less

iron. This sequence indeed may fairly frequently be observed.

It is often asserted, and particularly in the earlier text-books, that

lake ores after they have been removed become formed again in the course

of some twenty to thirty years. According to more recent investigation

however, this re-formation occupies as a rule a considerably longer period.

The ordinary, usually very cavernous, frequently fairly hard, but
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occasionally earthy bog ore, containing preponderating iron together with

a little manganese, is usually much contaminated by clay, vegetable remains,

etc. It is found more particularly immediately under the peat covering.

Those deposits which in Germany are known as Eisenortstein or Klump,

approach bog ore in a chemical-geological sense, but are not to be com-

pletely identified with it. Bog ore also frequently contains a considerable

amount of manganese, when it passes gradually over into manganese bog

ore. Of such manganese ore the occurrence at Ghtrevand in southern

Norway may be taken as an example. There, as illustrated in Fig. 403,

a usually 0-7-1 m., but in places 2*75 m. thick layer of porous wad, which

near the bed-rock is contaminated by a fairly large amount of iron-ochre,^

occurs in marshy valleys in an extensive area of quartz-porphyry. A large

number of similar occurrences of manganese bog ore in different countries

are described by Vogt.^

In Fennoscandinavia lake- and bog ores occur frequently in districts

where granite and gneiss preponderate ; they are accordingly not associated

preferably with districts containing basic ferruginous rocks. Lake ore is

found in particularly large amount in Finland, ' the Land of the

Thousand Lakes,' and in Norway and Sweden ; also in Germany, more

particularly in the lakes of the North German diluvial plain.^ Other

deposits are found in Holland, Belgium, Kussia,* the United States and

Canada,^ Africa, Australia, etc. These deposits therefore occur in the

arctic and temperate zones as well as in the tropics. Bog ore also occurs

in all parts of the world.

Although the lake ores in northern Europe were deposited in the

geologically speaking very short period since the Ice age, these mostly

thin but very extensive beds represent quite considerable ore-bodies. In

Finland, for instance, about 2,250,000 tons of lake ore were obtained in

the fifty years from 1858 to 1908, to which must be added the produc-

tion of previous centuries. It is interesting to note that according to

Ossian Aschan about 1,400,000 tons of humic ' sols ' are carried by the

rivers of Finland to the Baltic Sea every year.

The following selection of analyses will serve to indicate the general

composition of these ores :

1 See analj'ses Nos. 3a, 36. ^ Qp dt.

3 V. Dechen, 2nd Ed. of W. Bruhn's Die niitzbaren Mineralien xmd Gebirgsarten im
Deutschen Reiche, 1906, pp. 467-471.

* The Iron Resources of the World, Stockholm, 1910.

* J. F. Kemp, loc. cii.
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In addition to iron as ferric oxide, this occurring principally as gelatin-

ous limonite, some ferrous oxide has occasionally been established, and in

exceptional cases even crystalUzed siderite. The ferrous oxide, according

to V. Bemmelen, may have been formed secondarily from ferric oxide by

the reducing action of organisms. The greater part of the silica is readily

soluble in acids. From microscopic examination it would appear that

with lake ores, mechanically associated quartz, felspar, etc., play in general

only a very subordinate part. The old idea that a grain of sand or such-

like always exists in the centre of lake-ore concretions is, according to Vogt,

very questionable. Lake- and bog ores have a characteristic content of

phosphoric acid, though in this respect the manganiferous varieties appar-

ently form an exception.^ Further, V, Ti, Cr, Mo, Ni, Co, Zn, As, CI, etc.,

have also in places been established. The iron content of air-dried lake

ore poor in manganese is mostly 38-42 per cent, though occasionally it

reaches 47-49 per cent. For data concerning the sequence of gradations

between the two extreme members, with a preponderating amount of iron

—

99 Fe : 1 Mn—on the one side, and with a preponderating amount of man-

ganese—3-6 Fe : 9G-4 Mu—on the other, see Vogt, Zeit.f. prakt. Geol., 1906,

p. 223.

The genesis of lake ore has long been the subject of discussion. C. G.

Ehrenberg considered he was able to show that these ores were deposits

by algae or diatoms, and more particularly by GalUonella fenuginea which

stores ferric hydroxide in its cells. ^ This view has however proved to be

incorrect. According to more recent investigation, and especially that by

the bacteriologist S. Winogradsky in Petrograd,^ there are certain iron

bacteria which in the process of living precipitate ferric oxide containing

some manganese oxide in their envelopes, from water containing ferrous

oxide. In this manner he believed it was possible to explain the formation

of lake- and bog ores. These iron bacteria were subsequently investigated

by H. Molisch * in Vienna, with the result that it was established

that they do precipitate ferric oxide, though the part they play in the

formation of iron ore appears to be of little importance ; Molisch, for

instance, in the examination of many lake- and bog ores could only establish

the presence of iron bacteria in three samples.

For many years the formation of the ordinary lake- and bog ores has

been associated with humic acid. This formation has recently been

studied very carefully by Ossian Aschan in Helsingfors. The various

humus materials—the so-called humic ' sols,' consisting of about 50 per cent

C, 43 per cent 0, 4-5 per cent H, 2 per cent N, some P and S—formed in

1 See analyses 3-4. 2 p^gg^ jinn. XXXVIII., 1836.

3 Bofan. Ztg., 1888, Vol. XLVI. p. 261.
* Die Pflanze in ihren Beziehungen zum Eisen, Jena, 1892 ; Die Eisenbakterien, Jena,

1910.
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large amount in marshy water, promote the decomposition of the under-

lying rocks. The humic ' sols ' are not precipitated by ferrous, but by ferric

salts. When a solution containing ferrous salts meets one containing

humic ' sols ' a soluble ferro-humate is first formed, which upon oxidation

passes gradually over to ferri-humate. This is in part immediately pre-

cipitated, forming then the thin, often iridescent coating which w^hen

present in spring courses indicates the ferruginous character of the water.

A part of the ferri-humate remains for a time in colloidal condition, giving

the water a more or less dark colour, and is carried to the next water

course, and thus gradually deposited. The amount of oxygen dissolved in

the water of inland seas is amply sufficient to oxidize the soluble ferro-

humate to insoluble ferri-humate. The precipitated ferri-humate, which

can be decomposed by lower organisms, is in turn gradually destroyed,

ferric oxide remaining.

That the ordinary lake- and bog ores have been formed in greater part

by this process follows, according to Aschan, from the discovery of remains

of humus material in all the lake ores of Finland yet examined. The

phosphoric acid always present in lake ore, and mostly in very considerable

amount, is probably referable to phosphorus in the humic ' sols.' The

concretionary structure of the ore is presumably due to the coagulation

of the ferri-humate in conjunction with its slow decomposition by lower

organisms. The often exceedingly troublesome deposition of iron-ochre

in water pipes may be compared with the formation of lake ore ; in this

deposition thread-like bacteria are frequently found.

Purely inorganic chemical processes also may frequently have played

a part in the deposition of these ores, in fact, sometimes the whole process

has been entirely inorganic and completed without the assistance of humus

material, etc. In this connection the important deposits of iron-ochre in

the marshy districts around large pyrite deposits, such as Fahlun and

Rio Tinto,^ are worthy of mention. With these deposits the iron first went

into solution as sulphate, to be afterwards precipitated by oxidation in

the manner already described.^ The formation of blue-earth or vivianite ^

may also have been purely inorganic. The same applies to manganese

bog ore, as for instance that at Glitrevand, as well as to the manganiferous

cement binding together lake ore poor in manganese.

In ancient times and in the early Middle Ages iron was obtained almost

exclusively from lake- and bog ores. In most countries however, these

ores as far back as the seventeenth and eighteenth centuries lost all their

importance in the iron industry. In isolated districts the winning of lake

ore particularly and of bog ore exceptionally, was continued into later times,

some iron still being produced from these ores in Finland, in Olonez in

1 Ante, pp. 314, 321. ^ j^ntg^ p, 975, 3 gee analysis No. 5.
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northern Kussia,i and possibly in other places. The average yearly-

production of lake ore in Finland and Sweden may be gathered from the

following table

:
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to discuss the manganese- or manganese-iron oxide nodules which occur

frequently in large amount in many places on ocean beds and particularly

in the pelagic red clay.^

Manganese oxide or hydrate is found in all deep-sea deposits, occasion-

ally in the form of grains in the clay or in the Radiolarian, Diatom, Globi-

gerina, and Pteropod oozes, but also as incrustations upon pumice stone,

corals, calcareous algae, shells, bone-fragments, etc. ; or finally as separate

manganese nodules. These last have been occasionally met in relatively

shallow waters, as for instance in Loch Fyne ofi the coast of Scotland
;

they are however especially characteristic of great ocean depths—between

some 1000 m. and 6000 m.—and have been encomitered in numerous

places in the Pacific Ocean, the Indian Ocean, the Atlantic Ocean, and the

Caribbean Sea. Sometimes they occur in strikingly large amount. Thus,

R. V. Willemoes-Suhm, the zoologist of the Challenger Expedition, writes :

^

" The nature of the bed in these in part great ocean depths ^ is remark-

able, since in addition to the non-calcareous reddish sHme and the many
fragments of pumice which we encomitered here, the bed in places must

have been completely covered with large nodular manganese concretions."

Similar concretions up to a foot in diameter, several inches thick, and

weighing as much as 10 kg., have been dredged in the region of the Gulf

Stream. These nodules are frequently concentrically thin-crusted and

usually enclose in the centre a foreign body, such as a fragment of whale-

or fish bone, ear bones, shark's teeth, etc. Their general composition may
be gathered from the following analyses :
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together with iron sulphide, became oxidized. This explanation however is

little probable. Giimbel ^ explained the occurrence as having been formed

by submarine manganiferous springs from which the manganese became

precipitated upon contact with sea-water. This interpretation however

does not explain the strikingly large extent of the deposit. According to

Murray ^ the manganese, hke the iron, was formed in a similar manner to

the red clay, and like it therefore must be attributed to volcanic ash, etc.,

in part decomposed by the sea. It must be reflected however that though

in the course of recent geological periods immense quantities of iron and

manganese have been carried by the rivers to the ocean, these two heavy

metals can now only be demonstrated to exist in traces in sea-water.

From this fact it follows that the iron and manganese so brought to the

ocean must in greater part have been precipitated, probably by slow

oxidation due to the oxygen dissolved in the water. It may therefore be

considered that the iron- and manganese oxides of the deposits upon ocean

beds are in general derived in greater part from the sea-water itself,

though an adsorption by descending volcanic ash, bone-fragments, etc.,

may also have been operative.

Bean-Ore Beds
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The name ' bean ore ' is applied to-day to occurrences of very varied

genesis. Many bean ores are closely related to the present lake ore. On
the other hand, most Tertiary bean ores may be compared with the recent

Carlsbad ' pea rock,' not only in regard to structure but also in regard to

the size of the grains ; the term ' pea ' has been applied to Alluvium ore,

and ' bean ' to Tertiary ore. Occasionally also a certain similarity between

bean ore and laterite is indisputable.

Most bean-ore deposits are limited to limestone districts, where spring

waters probably ascended along fissures in the limestone and deposited

oolitic iron where they emerged. The process was presumably similar to

that which may still be observed in the case of the pea rock at Carlsbad,

with this difference however, that at Carlsbad principally calcium car-

bonate in the form of aragonite is deposited, while with bean ore, owing

to the large amount of iron in solution, chiefly iron compounds and especi-

ally ferric hydrate, were precipitated. At the same time the limestone

country-rock was attacked by the processes of weathering, and apparently,

since in the Eocene period the climate was considerably warmer than

it is to-day, concentrations of iron similar to the laterite of the present-

day tropics, became formed. This analogy is the more complete in that,

just as with laterite, bauxite is frequently found in association with bean
ore. With these processes of weathering metasomatic replacement of the

limestone by iron oxides proceeded concomitantly. Eesidual clay became
formed in which concretions of limonite foimd their seat. The metaso-

matic iron incrustations were again broken up by the action of meteoric

water, and the pieces washed into the clay. Thus, concretions and frag-

ments of limonite are found side by side in clay, which, when red, is known
as bolus.

^

Since limestone districts are usually traversed by a complex fissure-

and channel system, detritus from these bean-ore beds, which are surface

deposits, has sometimes been washed into channels, in which case bean

ore occurs partly in lode-like form.

The above-described chemical-geological processes being independent

of the geological age of the limestone, bean ore is found in the Jurassic,

the Triassic, and the Cretaceous. In some cases it is concentrated so

as to form thick beds, while in others it is limited exclusively to the

filling of fissures and channels. In conformity with the genesis of these

deposits, the ore in almost every case is impure and characterized by much
insoluble residue. With many deposits therefore the question of pre-

1 A coarse red pigment.
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paration or dressing is of substantial importance, because, before smelting,

the amount of this residue should be reduced as much as possible.

Seeing that the economic importance of bean ore is at present small,

the following few descriptions of occurrences will probably suffice

:

Mardorf.—North of Homberg in Niederhessen, geological position

shown in Fig. 404. Diluvium and Tertiary formations here occupy shallow

mm

Muschelkalk. Diluvium. Alluvium.

Fig. 404.—Iron beau-ore deposits associated with Tertiarj' sediments near Mardorf.

Scale 1 -.40,000. Dechen.

synclines in a Muschelkalk depression. The foot-wall of the ore-bed is

formed by a milky-white, plastic. Pliocene clay containing numerous

pea-sized limonite concretions often in contact with one another. In both

hanging-wall and foot-wall a gradual merging into non-metalliferous clay

may be observed. The bed itself strikes north-south, dips towards the

west, and is 1-2-5 m. thick. The hanging-wall consists of a 3-10 m. thick,

greasy, white clay ; quicksand ; and Diluvium. Lepsius regards the clay

as the residue from dissolved limestone, to which limestone also he w^ould

refer the iron. In any case these are syngenetic deposits occurring in the

form of beds, and presumably they are of considerable extent. According
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to an early analysis, the iron content of the unwashed ore is about 48-4

per cent, with 13 per cent of insoluble residue ; the phosphorus is low.

E.HEINHESSEN.—In Spite of their great extent these deposits of this

'y^^y/AProperhu ofthe
^xy-'.yA Hollfeld C9

]^\\ii\\ Property of t-he

^^^'^^^l Maximilian Works.

Rai/ways com-
pleted orin consfrucHon

Railways
projected

Scale. 1-60OOOO.

Fig. 405.—The Albian beiin ore iron-field in the Francoiiian Alb.

ore are probably only payable in few places. They are found as primary

deposits upon the Tertiary Cerithiimi-, Corhicula-, and Hydrohia lime-

stones, and the Cyrena marls of the Mainz basin. Gravel-deposits from

them are met in the valley alluvions and in the boidder accumulations, etc.,
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which occur at the base of the loess, a calcareous surface clay typically

developed on the Rhine. The deposits appear to be poor throughout and

consequently have been but little investigated. The ore upon the limestone

has been worked in places for a thickness of 0-3 to 2-5 m. ; the Alluvium

deposits are much thinner. The ore exhibits no concretionary structure,

but occurs rather as aggregates of large and small nodules cemented to-

gether by a sandy iron ore. The beds on the Wiesberg plateau near

Spredlingen, on the Westerberg near Appenheim, and on the Kloppberg,

are relatively the most important, these being up to 2-4 m. in thickness.

The ore always occurs in association with variegated bolus -like clays

frequently traversed by nodular layers of limestone and marl. Since these

limestones contain 0-3-2'5 per cent of iron, they may have been the source

of the iron in these beds.

HoLLFELD IN THE Fraxconian Alb.—This district to some extent

Dolorrtife Friable
L imonite

Tertiary Sand&
Clay covering

Fig. 406.—Diagrammatic section of limonite deposits in cavities of various size in the Francoiiian

Alb ; length 50 metres. Klockinann.

was known in former centuries, after which it lay forgotten. The

deposits of the so-called Albian covering extend over the northern

Franconian Alb to the western bend of that range near Resensburo;.

This district, delineated in Fig. 405, consists of Jurassic beds which slope

gently towards the north-east and are cut by deep valleys. The Albian

formation, which is characteristic only of the high plateau and consists of

Diluvial loam, clay, and sand, covers the deposits. Residual clay such as

remained after the decomposition of the limestone and was washed into

local pockets, fissures, and channels, is conspicuous ; it is mixed with sand

and limestone fragments. The Albian covering is the result of deforma-

tion of Jurassic and Cretaceous beds during the Tertiary and Quaternary

periods. Its thickness is usually only 1-5 m., but may be as much as 20

metres. In its immediate foot-wall in the neighbourhood of Hollfeld near

Regensburg the iron deposits occur. They are absent from the dolo-

mite ridges and crests, having been removed from thence by erosion.
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Between the foot-wall dolomite and the ore, finely-crystalline dolomite,

sand, and red clayey masses, are frequently found. The geological position

of the deposits is well illustrated in Figs. 406, 407, and 408.

The shape of the under surface of the ore-body depends upon the

irregular surface of the dolomite. The ore follows the cavities and undula-

tions of this surface in a more or less thick layer, the filling of these irregu-

larities being completed by residual clay and Albian material. Numerous

planes in the clay of these funicular ore-bodies point not so much to

tectonic movement as to local action due to varying plasticity. The

deposit consists chiefly of loose limonite and pieces of compact ore as large

as a man's head, this ore being flaky and frequently exhibiting a reniform

Shaftjulius II -

Shaft EinschnittI

Fig. 407.—Large ore-syncline between the Julius and Eiuschnitt shafts at Hollfekl.

Scale 1 : 400. Einecke and Kohler.

structure. A large number of angular ore-fragments varying from pea- to

nut size occur more or less regularly distributed throughout the deposit,

though such are also frequently concentrated at its base.

The source of the iron is attributed by Kohler and Einecke to waters

circulating through fissures. These mineral solutions, however, in all

probability metasomatically replaced the limestone in part only, the

greater part of the iron having been precipitated at the surface, by

the action of meteoric waters. In this action, weathering during the

Tertiary period and, in places, undoubted iron enrichment during

the Eocene period, played parts. The subsequent sinking of the

ore into cavities in the limestone and the concomitant formation

of numerous movement planes must be referred to the later cavity

formation.

VOL. II 2i
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The average composition of the ore based upon hundreds of analyses

gives 38 per cent of iron, though the content varies from 28 to 54-46 per

cent. The manganese content is from 0-26 to 8-07 per cent, that of alumina

1*05 to 9-31 per cent, and that of phosphorus 0-23 to 0-4 per cent. Across

a section of the ore-body, the loose clayey material occurring chiefly in the

upper portion contains 30-32 per cent of iron, the granular clayey material

38-40 per cent, and the compact ore up to 50 per cent or more. The

insoluble residue in the ore amounts to about 20 per cent.

Fig. 408.^Funnel-shaped iron deposit at Hollfeld due to gradual deepening of the cavity.

Scale 1 : 400. Einecke and Kohler,

The proportions of these diiierently aggregated varieties is expressed

in the fact that the average ore consists of 30-35 per cent of compact ore,

17-20 per cent of fine ore, 40-50 per cent of powdered ore, and contains on

an average 40 per cent of iron. Generally speaking, however, these pro-

portions are very irregularly distributed, patches of compact ore occurring

alongside others of powdered ore, while a mixture of both in most varied

proportions may occur.

The use of this ore for industrial purposes is hmited by its silica content

of 20 per cent or more, though much of this may be removed by dressing.

The reserves are considerable, having been estimated by Kohler and

Einecke at 165,000,000 tons.
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Southern Slope of the Swabian Alb.—These Wiirtemberg iron

deposits occuir in Tertiary beds consisting of conglomerates of Jurassic

material, limestone, clay, and sandstone. The conglomerate is frequently

represented by beau ore, the so-called clay ore, such occurring either in

seams or filling depressions. At subsequent destruction of these seams

fragments of ore resulted, which together with clay were washed into

cavities in the Jurassic limestone, there occasionally forming payable

deposits—the so-called rock ore. Such deposits occur up to 8 m. in thick-

ness. Fluhr gives their iron content as 31-82 per cent, with 29 per cent

of insoluble residue. At present they are not worked, though according

to Kohler and Einecke the reserves are considerable.

In the case of the bean ore occurring in the Eocene of southern Baden
the same two kinds are differentiated, namely, clay ore which occurs very

extensively in clays, and rock ore which fills cavities in the limestone.

Strictly speaking, onlythe first of these, occurring principally in the Klettgau

and in the lake district of Baden, may be classed as bean ore. The deposits

of this ore have Jurassic for their foot-wall, and are always associated with

red clays which frequently contain patches of sand. The ore consists of

greenish-grey to light-brown nodules of flaky structure and varying from

pea- to nut size. It is washed before smelting, containing then some 50

per cent of iron, 17 per cent of insoluble residue, 0-6 per cent of lime, and
9 per cent of water. The phosphorus content is mostly low. Up to the

year 1860 this ore was mined and smelted in small charcoal furnaces, as

for instance at Mlilheim and Oberweiler. The economic importance of

these deposits appears to be small.

Switzerland.—In this country also bean ore is an early Tertiary

formation, lying upon calcareous Mesozoic beds and associated with

bolus, Huppererde, phosphorite, etc. Since in this case also funnel-

shaped cavities in the limestone are frequent, the thickness of the ore-

bed varies considerably. The extent of this ore in Switzerland has been

greatly disturbed by younger orogenies and erosion. The metalliferous

formation consists principally of red ferruginous clay or bolus, which may
reach 100 m. in thickness, all gradations existing from rich plastic material

to sterile sandy clay. This clay is traversed by patches or bands of fine

quartz-sand. Where the quartz increases simultaneously with diminution

of the clay, a sandy facies known as Huppererde is formed. In the bolus

the alumina presumably is partly contained in the form of bauxite.

Where the complete metalliferous formation is present the upper

part appears to be poor in limonite. The beds are characterized by
boulders of limestone frequently corroded and in part silicified. Fibrous

gypsum also occurs. In depth the clay gradually becomes brownish-red

to scarlet, and grains of limonite begin to occur, these finally forming a true
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limonite bed up to 1 m. in thickness. This bed often Hes immediately

upon the Jurassic Umestone, occupying its uneven surface. Since ore and

gangue replace each other along the strike, the ore-bodies have a columnar

or lenticular form in plan, while in section ore is frequently absent.

The bean ore contains concretions varying in size from a pea to a

hazel-nut ; they are partly compact and sometimes have a concretionary

structure, though according to Schmidt typical pisohtic structure is

exceptional. Concretions with a hard ferruginous crust and a soft

argillaceous dark-yellow kernel, are frequent. In order to separate the

limonite from the bolus the deposit is washed. About 50 per cent of ore

containing approximately 42 per cent of iron is obtained in this manner,

while the remaining 50 per cent of bolus contains only 2-8 per cent of iron.

The insoluble residue in the ore before it is washed is always considerable,

generally exceeding 20 per cent. The P20g content is 0- 19-0-22 per cent.

Mining operations upon these deposits are being undertaken in many
places. The industry began in the seventeenth century in the Schafi-

hausen Canton, where in the year 1850 about 1000 tons of raw ore were

produced. The best deposits are found in the Jurassic of the Berne

and Solothurn Cantons, Birstal being the principal district. There the

bean ore is found upon the upper beds of the White Jurassic. From 1854

to 1904 about 765,000 tons of ore were won, equivalent to 320,000 tons of

pig iron. Owing to the great variations in thickness it is difficult to make

any reliable estimate of the ore-reserves.

These Swiss deposits also are presumably a result of tropical weathering

early in the Tertiary period, such deposits having subsequently suSered

both mechanical and chemical deformation during more recent orogenies.

L. de Launay ^ describes a very extensive area of Tertiary bean ore

at Berry in France.

The Limonite Deposits at Vogelsbekg

literature

H. Tasche. ' Toniger Brauneisenstein, dessen vormalige und jetzige Gewinnung im
Vogelsberge,' Neues Jahrb. f. Alin. Geol. Pal., 1852, p. 897.—G. Wurtenberger. ' Die

diluvialen Eisensteine im Regierungsbezirk Kassel, verglichen mit den Basalteisensteinen

des Vogelsberges,' ibid., 1867, p. 685; ' Eisenerzbergbau am Vogelsberg,' Gliickauf, 1891,

p. 45.—F. Beyschlag. ' Die Eisenerze des Vogelsberges,' Zeit. f. prakt. Geol., 1897, pp.
337-338.—H. Munster. ' Entstehung der Vogelsberger Eisenerze,' Zeit. f. prakt. Geol.,

1905, XIII. p. 413.

The limonite deposits at Vogelsberg are of somewhat difEerent origin

from bean ore. These deposits, which are genetically and spacially most

intimately associated with basalt, have in the Vogelsberg district a very

1 Log. cit.. 1900.
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considerable extent. All of them lie near the surface, in which position

they are usually overlaid by shallow Diluvial and Alluvial beds. Only

exceptionally do several beds occur one above the other, and when that is

the case such are separated from one another by layers of tuS poor in iron.

Two types of deposit are known, the relatively primary deposit, and the

secondary deposit which has resulted from the disintegration and recon-

centration of the primary deposit. Since the Vogelsberg deposit, a section

of which is illustrated in Fig. 409, has entirely resulted from the weathering

and decomposition of the basalt and its tuffs, in the case of the primary

Fig. 409.— Section of the linionite deposit at the Ernestiue miue near Niederohmen not

far from Giesseu in the Vogelsberg. Zeit. f. prakt. Geol., 1887.

Alluvium (a) Rarth, soil.

/•(/)) ditterent coloured loams.

I (c) river rubble, gravel and bauxite pebbles.
Diluvuim J

(,;) piay^y impure limonite
I gg^.Q^j^^ deposit.

(_
(e) poor clayey patches m a I

fC/)^iasalttuft'. ~>

Tertiary ' (/() limonite veins, and crusts Primary deposit.

^ coloured dark by manganese. J

deposits the much deformed basalt exhibits a covering of ferric hydroxide,

while the centre is clayey and decomposed. The individual ore-bodies

are separated from each other by clay.

The river-concentrated deposits are found in terraces along the present

river valleys. They consist of ferruginous, argillaceous masses with a few

boulders and numerous limonite concretions in the form of lumps, nodules,

and geodes, varying in size from a pea to a man's head. The deposits display

distinct fiuviatile structure. The upper and lower surfaces are not as a rule

parallel planes, the ore-body often sinking far into the basalt along channels

and shallow basin-like depressions. The upper surface also is irregularly

undulating, and characterized by the frequent occurrence of bauxite
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boulders. The secondary Diluvial beds hardly ever come to the surface,

but remain covered with Diluvial gravel and marshy loam.

The best deposits are found in the neighbourhood of Miicke, Lich,

Griinberg, Laubach, and Niederohmen, where they have a thickness of

5-20 metres. These deposits chiefly produce washing ore. In the foot-

wall basalt of many mines, fragmentary ore occurs in flat cakes of limited

horizontal extent and of a thickness which may at times be as much as

1 metre. The occurrences at Miicke and Niederohmen in the Vogelsberg

probably lie in a north-south subsidence, along which the streams Seen-

bach and Ohm have their course.

In relation to genesis two opposite theories have been advanced,

namely, deposition as the result of weathering, and deposition from springs.

The former attributes the ore to a process of weathering having much
in common with the lateritization now proceeding in the tropics and sub-

tropics. The second theory, which of late years has gained ground, assumes

on the other hand that the decomposition of the basalt was brought

about by springs. This theory is supported by the occurrence of recent

chalybite springs. Whether however these springs carry iron of them-

selves, or whether they have extracted their iron entirely from the basalt,

cannot be said. If the Vogelsberg ore were formed by weathering in the

Tertiary period—which is very probable—it is then very closely associated

with bean ore.

The raw ore is freed from clay in washing trommels, and then sorted

on tables. By this means 30 per cent of the material hoisted is obtained

as ore containing on an average 45 per cent of iron. The phosphorus

content is 0-2 per cent ; the manganese 0-8-1-2 per cent. In the case

of particularly good deposits the iron content of the sorted ore reaches 50

per cent.

OOLITIC IRON BEDS

The oolitic iron ores consist in greater part of concretionary nodules

bound together by a cementing material. Under the microscope these

nodules are frequently seen to contain in the centre a mineral particle,

such as a grain of quartz or a small crystal of calcite or siderite. The
formation of these nodules may be explained, in that the mineral particles

now found in the centre were formerly loose in the mineral solution

from which by deposition they became incrusted with iron. This process

may be still observed in operation in the formation of the Carlsbad

Sprudelstein.

The layers which make up these nodules consist in the case of iron
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deposits, generally of brown or red limonite or of haematite, but some-

times of iron silicate. With limonite it is not always easy to determine

whether the ore is primary or an oxidation product of siderite or of the

silicate.

The cementing material of these oolitic ores likewise varies greatly.

It may consist of calcite, as in the case of calcareous minette ; of quartz

material, as wath siliceous minette ; or of ore. Only very exceptionally

is it of clayey material. Phosphate of lime frequently shares in the

composition of the nodules as well as in that of the cementing material.

On this account therefore, before the discovery of the Thomas basic

process it was not possible to make use of the phosphoric minette.

The geological age of the oolitic iron deposits is very variable. Since

they are distinguished from other iron beds solely by their structure, Hke

these, they may belong to all formations. They are particularly ex-

tensive in the Silurian of the United States, where the Chnton hgematite

deposit extends over whole government districts. Of late years also the

occurrence of these ores in the Coal-measures of Germany and England has

attracted the attention of some geologists, and though these occurrences are

at present of no economic importance they are nevertheless of significance

in relation to the genesis of oolitic iron ore-beds. The dull, grey, fine-

grained deposits are intercalated in shales which also include marine beds,

and, accordingly, fluviatile and marine beds exist here side by side. It

would appear therefore that with, these Carboniferous oolites an origin in

great sea depth were impossible. The Jurassic formation—the middle

horizon of which, the Brown Jurassic, owes its name to its high iron content

—is particularly rich in such oolitic deposits. The minette occurrences in

German Lorraine, Luxemburg, and Meurthe-et-Moselle in France, are

situated, for instance, at the base of the Middle Jurassic. The Cleveland

ore in England is IMiddle Lias, the same horizon as that to which the minette

of the lower Rhine around Xanten and Bislich, belongs. Aniong the

Jurassic deposits, the minette of German Lorraine, etc. and the oolite of

Cleveland are characterized by particularly large extent.

In the Cretaceous no oolitic iron ore has yet been recorded, though

such ore frequently occurs in the Tertiary. In a shallow bore-hole at

Winterswyk on Dutch territory near the German frontier, a red oolitic ore

consisting of haematite nodules cemented together by a clayey material,

was found at the base of the Tertiary, presumably in the Eocene.

Further efforts to find the continuation of this ore-bed were unfortunately

unsuccessful. The term minette was also applied to this ore.

The Tertiary oohtic bean-ore deposits, the nodules of which, unhke

those of minette which are fine-grained throughout, may reach relatively

large dimensions—pea- and bean size—have already been described. They
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occur in part in fimnel-sliaped cavities upon limestone plateaus of the

most varied geological age, and are mostly associated with, clay and frag-

ments of older ore-beds. With them also a fast cemented matrix is

quite exceptional.

In the Quartenary period oolitic iron ore is replaced by lake ore, which

likewise consists principally of nodules. ^ The nomenclature of the oolitic

ores is therefore not simple. The term minette is used for one large

group of ore-beds, while the ore of another group is known as bean ore.

The following nomenclature is suggested :

1. Minette, a more or less fine-grained oolitic iron ore, the matrix of

which may consist of different materials. It is further advisable also to

limit this term to Jurassic ores.

2. Bean ore, a loose oolitic iron ore, the grains or nodules of which

have mostly a larger diameter. Such ore is frequently associated with

clay and ore-fragments and is generally of Tertiary age.

3. There remains then a number of ore-beds which in regard to

structure are very similar to minette, but which as a rule possess a greater

geological age.

Economic Importance.—The oolitic iron ores have not in general a

high metal content. In the majority of cases the average content varies

between 28 and 35 per cent. The Clinton ore with 48 per cent is an excep-

tion. In spite of this generally-speaking low metal content the oolitic

ores, in consequence of their great extent, are exceedingly important. The

total reserves of the Lorraine minette have been reckoned at about

2,000,000,000 tons of ore, equivalent to 700,000,000 tons of iron. In the

year 1910 out of 22,900,000 tons, the total German production, this minette

contributed no less than 16,600,000 tons.^

With regard to genesis, in the first place it must be pointed out that

in relation to structure the oolitic iron ores exhibit a great similarity,

frequently even identity, to recent lake ores. Both varieties of ore consist

in greater part of concretionary nodules, the difference in many cases

lying only in the cementing material, which with the oolitic ores is as a

rule hard, and with the lake ores, soft. Speaking generally, the majority

of metalliferous oolites of earlier geological periods have a genesis very

similar to that of the lake ores.

Additional evidence of a sedimentary origin exists in the fact that the

iron oolites often form fairly regular beds of strikingly large extent, and

that frequently within one and the same district several ore-beds follow

one above the other, each bed over a large area displaying a constant

or almost constant composition. We would also point out that metal-

liferous oolites in some districts are found with almost undisturbed bedding.

1 Ante, pp. 982-988. ° Ante, p. 1001.
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Against the theory of sedimentation the objection has occasionally

been raised that so large a quantity of iron, as for instance in the seam-like

Jurassic deposits, cannot be explained by increment from surface solutions.

Since however the recent lake ores demonstrate the transport of iron in

large amount by surface solutions, this objection appears to lack force.

According to the view defended by some authorities, the iron oolites,

or at all events some of them, do not represent primary sediments but

metasomatic replacements of calcareous oolites, by percolating iron solu-

tions. In the case of individual occurrences the possibility of such an

origin cannot be denied. For many districts, however, the primary origin

is as good as proved. This question is dealt with more fully when describing

the minette of Lorraine-Luxemburg. The formation of bean ore by

lateritization, etc., is likewise discussed later.

The Minette Disteict of Loeraine-Luxemburg and the

Neighbouring French Department of Meurthe-et-Moselle
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The tableland of Lorraine is bounded by the Ardennes, the Eifel, the

Himsriick, and the Vosges mountains, which together form a large semi-

circle open towards the west. To the western portion of this tableland

the Briey plateau belongs, this extending from the southern border of the

Ardennes to the south of Metz, as illustrated in Figs. 17, 158, and 410.

In the structure of this tableland the minette beds take part, these beds

occupying a belt of country in the east, 18-20 km. wide and 55-60 km.
long from north to south. How far this occurrence extends to the west

beyond the width already known, remains for subsequent developments

to determine. A small minette district, beginning south and extending

20 km, north of Nancy, occurs along the southern continuation of this

belt, being separated from the principal district by an unpayable portion

25 km. in extent.

The principal district covers a narrow strip of German territory to the

east, a wide strip of French territory to the west, and finally a border zone

in Luxemburg to the north. Important industrial towns within it are,

Gross Moyeuvre, Fentsch, Algringen, Aumetz-Friede, Diidelingen, Rlime-

lingen, German 0th, Differdingen, Redingen, Hussiguy, Longwy, Briey,

and Nancy. The geological structure of the district is exhibited most
clearly in the deep erosion valleys which cut the Briey plateau, among
these being the valleys of the Mosel, Orne, Fentsch, Algringen, Meurthe, etc.

The deposits are Hmited to the Upper Lias and the Dogger. In its

lower portion the Upper Lias consists of thin bituminous beds, while in the

upper portion black marls predominate. Above these comes the metal-

liferous formation, which palseontologically cannot be sharply separated

from the Lias, at least, German and French geologists have hitherto not

been able to come to an agreement concerning this very important boundary.

Van Werveke correlates the ore-bearing beds with the Lower Dogger, the

horizon of the Trigonia navis and Ammonites Murchisoni. French authori-

ties, on the other hand, include the minette beds with the Lias, so that

according to their correlation the Dogger first begins above the minette.

In the hanging-wall of the ore a 20-30 m. thick impervious marl-slate

complex of dark blue colour and known by the miner as the ' hanging-wall
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Hinsi\i^orks Limit ofPajjabiliij Faults

Fig. 410.—The Miiiette formation iu Loriaiue, Luxembiirg, aud France. Werveke and KniscL.

marl,' occurs. Van Werveke correlates this with the Charennes beds, the

higher portion of which consists of alternating beds of limestone and marl.
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Although all the beds of the Lower Dogger are ferruginous, the

individual minette beds have sharp boundaries against the hanging-wall

and foot-wall, so that they may rightly be regarded as independent seams

or beds, distinct from the country-rock not only by their greater iron

content but also by their definite walls. The minette beds and the

country-rock together are known in Germany as the ' Minetteformation,'

and in France as the ' Formation ferrugineuse.'

To the south of the Briey plateau and along its eastern border this

formation has a thickness of

15-20 m., a thickness which

increases considerably going

north and west, till at Esch

and Bollingen it reaches a

maximum of 60 metres.

Smaller, more or less

sharply defined areas within

the whole district have special

names. Thus, in Luxemburg

the Esch - Dudelange basin

around Esch, Riidelingen, and

Diidelingen, and the Belvaux-

Lamadelaine basin around Bel-

vaiix - Lamadelaine, are dis-

tinguished. In German Luxem-

burg the Fentsch and the Orne

divide the district into three

parts, namely, the Aumetz-

Arsweiler tableland north of

the Fentsch, the country

between Fentsch and Orne, and

finally, the district south of the Orne. In France the boundaries of

payability are made use of to distinguish three areas, the Longwy basin

to the north, the Central basin in the centre, and the Orne basin to the

south.

The different minette beds, separated from each other by blue and

grey marls, are distinguished and known by their respective red, brown,

black, yellow, and grey colours. All of them are oolitic. The individual

grains or oohtes are on an average 0-25 mm. diam. and are cemented

sometimes in a calcareous, sometimes in a clayey or siliceous matrix.

They are round, flat, or irregular in shape ; when one axis is longer than the

other the longer axis lies in the plane of the bedding. The iron content is

contained essentially in the oolites and consequently is roughly propor-

Quaitz. Lime-
stone.

Tig. 411.—Microscopic picture of a red sandy
minette from tlie Moyeuvre mine iu Lorraine.

Scale 1 : 50.
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tional to them. The mineralogical composition of these ooKtes has not

yet been completely determined. According to investigation by Blum,

they consist not only of limonite but also of ferrous carbonate, ferroso-

ferric oxide, and ferrous silicates. Kohlmann and van Werveke consider

that, in addition, they contain iron-aluminium- and iron-magnesium

-

aluminium silicates, that is to say, compoimds similar to thuringite and
chamosite. The ferric hydrates are found more particularly in the

neighbourhood of the outcrop, and in the vicinity of faults. Other iron

compounds also occur in large amount, ferric oxide being found more
particularly in the upper levels and ferrous oxide in the lower. Whether,

as Kohlmann assumes, this constitutes a case of primary depth-zones, or

whether secondary processes are responsible, has not yet been determined.

Within the ore-bed, limestone bands made up of nodules, patches or

irregular elongated masses, frequently occur, occupying sometimes as much
as two-thirds of the thickness of the bed. The passage between these

limestone bands and ore is gradual. Not infrequently marls occur in thin

layers alternating with ore. While the subsequent separation of the ore

from such limestone is easy, the marl, being inchned to crumble, frequently

contaminates the ore. Around the margins the minette beds gradually pass

into Hmestone poor in iron, marl, and sandy marl. Although the distri-

bution of the different minette beds is not regular, the boundaries of the

richer beds coincide approximately with those of the payable areas. Within
these areas the petrographical characters of the ore -bed differ sub-

stantially from those of the intercalated waste material. This material,

however, may merge into ore, while, on the other hand, ore may merge
into waste. The calcareous and sihceous bands characteristic of individual

beds are subject to considerable variation within one and the same bed.

Kohlmann formulated the following sequence of minette beds :

TT 11 1, J I
Hanging-wall marl.

Mangmg-wall bed ^. ^ -, -, -, -,

^ ^
[ Red sandy bed.

j' Red calcareous bed.

Middle calcareous group - Yellow bed.

Lower siliceous group

Grey bed.

r Brown bed.

j
Black bed.

j
Green bed.

1^ Foot-wall marl.

In the yellow and red calcareous bed van Werveke differentiates

several ore-bearing horizons. The three lowest beds, the green, the black,

and the brown, are characterized by the amount of silica they contain,

and accordingly are classed by him as the lower siliceous group, this being
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separated from the hanging-wall red sandy bed by the middle calcareous

group.

The thickness of the separate beds may reach 7 metres. The most

important is the grey bed, which in regard to composition, thickness, and

extent, is the most constant. This bed appears to be well developed

throughout the Luxemburg and German areas. The ore is mostly grey,

but contains also reddish, bro\Miish, and greenish patches. The maximum
thickness of 7 m. is not always payable throughout. It contains on an

average 28-40 per cent Fe, 10-15 per cent CaO, and 5-10 per cent SiOg.

Since the ore-beds may become impoverished and the intercalated material

may become enriched, there are in the minette formation considerable

quantities of ferruginous flux in addition to ore.

The tectonics of the district are simple. The beds dip mostly 3°,

rarely as much as 7°, towards the west, as illustrated in Fig. 17. In many

districts a gentle folding may be observed, the anticlinal and synclinal axes

of which strike north-east. While at the eastern limit a dip towards the

west occurs, to the north the beds are inclined south-east to south. While

again in the north-west they occur at the surface with almost horizontal

bedding, in the south-west they lie relatively deep. The regular bedding is

disturbed by numerous faults which in one and the same bed may suddenly

produce considerable variations in depth. These faults strike mostly north-

east, that is, parallel to the shallow anticUnes and synclines ; usually they

dip 60°-70°, sometimes north-west and sometimes south-east.

Going from north-west to south-east the principal faults are those of

Gorcy, Saulnes, Differdingen-Godbrange, German-Oth, the IMiddle Fault,

and those of Oettingen, Fentsch, Avril, Hapngen, Gross Moyeuvre, Eom-
bach, Verneville-Flavigny, Gravelotte, and Metz. The throw of these faults

varies from a few metres to 150 metres. They frequently form uplifts and

subsidences, while step-faulting is particularly noticeable. These faults in

consequence of their usually small throw and the great distance between

them, have no great efiect upon mining operations. They produce their

worst effect in disturbing the impervious marl- and clay beds in the

hanging-wall.

The genesis of the minette deposits has not yet been fully agreed. In

general two views are advanced. According to the one they were formed

syngenetically by precipitation from sea-water, while according to the

other, ferruginous solutions gradually efiected the metasomatic replacement

of pre-existing lime oolites. Against this latter theory however, no channels

along which these solutions could have come and which should be found

in the foot-wall of the deposit, are known, nor in the course of mining

operations has any support for this view been found. The numerous

faults cannot be taken to represent such channels, since the ore-beds in the

1
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Composition of the German Lorraine Minette^
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neighbourhood have been found by experience to be poorer in iron than

at a greater distance. Further, adjacent beds of non-oohtic and less

resistant Hmestone exhibit no alteration to ore
;

yet did such channels

exist, these beds, as much as the minette beds, should be traversed by them.

These deposits might of course have been formed by descending ferruginous

solutions, but against this, among other things, is the fact that the strata

in the hanging-wall are not characterized by any pronounced iron content.

We regard the beds as true sediments.

In consequence of their favourable situation:, their regular composition,

and their texture, the economic importance of these minette beds is

immense, though minette in itself represents the lowest grade of all payable

iron ores. From an average iron content of 33-35 per cent, approxi-

mately 26-28 per cent is necessary to cover the costs of production.

The composition of the minette deposits may be gathered from the

table on p. 1009, which the following average figures, taken from the

text to the geological map of western German Lorraine, serve to com-

plete.
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1907 . . 8,822,000 tons

1908 . 8,452,000 „
1909 10,673,000 „
1910 . . about 13,000,000 „

The French total ore-reserves are reckoned at 3 niilHard tons.

The Oolitic Lias Ieonstone of North Germany
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These deposits occur principally in the Middle Lias, and more particu-

larly in the zone of Ammonites Jamesoni ; sometimes in the Lower Lias

and more particularly in the beds of Ammonites Buchlandi or Arietites
;

and now and again in still higher horizons of the Lias, though these

last are of no great importance. With several of these deposits, in

addition to the oolitic, the fine clastic structm^e is found, the ore having

then the appearance of a fine-grained angular breccia. The distribution

of the different districts has been greatly influenced by Mesozoic folding,

the importance of this relation having been first demonstrated by Stille.

As a consequence of this folding, denudation was considerable and the

ironstone beds of to-day represent but the remnants of larger sheets

which in greater part have been demohshed. It must be remarked,

however, that these deposits in their original condition were in all prob-
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ability hardly so extensive as the occurrences of minette in Lorraine.

The most important of them are herewith briefly described.

In the Altenbeken-Langeland Lias syncHne several oolitic ironstone

seams occur along the east border of the Eggegebirge—the southernmost

portion of the Teutoburger Wald—dipping 35°-37° to the west, into the

hill. Among these are a grey-brown oohtic seam of 1-1 m. thickness, a

red oolitic seam of 2-2 m., a grey-brown oolitic seam of 1*2 m., and another

grey-brown oolitic seam of 1*3 metres. Then in the hanging-wall, after 80 m.

of barren material, come the Fund seam of black-bro^^^l oolitic ore, 1-2 m.,

and the Antonius seam of red oolitic ore, 4-5 m., so that within a thickness

of 280 m. the total thickness of ore amounts to 11-12 metres. The length

along the strike in the case of the Antonius seam has been put by Heusler

at 6 kilometres. The beds form a flat syncline. The ore contains 19-40

per cent, and on an average perhaps 28 per cent of iron, with traces of

manganese, 7-3-26 per cent CaO, 2-2-95 per cent MgO, 0-04-0-9 per cent P,

9-25 per cent SiOg, 6-1-10-7 per cent AlgOg, and 0-07-0-1 per cent of S.

It is accordingly low-grade and contains considerable insoluble residue.

These deposits were formerly worked by the old Altenbeken works ; at

present the mines lie idle.

The deposit at Bonenburg belongs to the second Lias syncline of the

Eggegebirge, which extends from Neuenheerse to Bonenburg, is much
broken up, and in its southern portion reaches a width of 0-5 kilometres.

To the east it is bounded by Keuper and Muschelkalk, and to the 'west by

Cretaceous. In the Lias, in addition to a large number of spharosiderite

seams of httle importance, there occurs a red oolitic seam, 5-6 m. in

thickness, belonging to the Middle Lias. This seam dips 34°-37° south-

west and extends but a short distance along the strike. According to con-

tained fossils and to its petrographical nature, etc., this seam is identical

with the Antonius seam at Langeland. Two other oolitic seams 1-10 and

1-94 m. thick respectively, which formerly also were worked, occur in the

hanging-wall. The composition of the ore resembles that at Langeland.

It was formerly smelted at the Teutonia works near Borlinghausen. For

economic reasons operations were suspended as the Westphalian industry

came to the fore.

The occurrence at Welda-Volkmarsen belongs to a third Lias syncline

extending south-west of Warburg, from Wethen through Welda to Volk-

marsen, for a length of about 8 km. with a width of a few hundred metres.

This oolitic iron ore-bed belongs to the Middle Lias, is 2-5 m. thick, and

dips about 35° west-south-west. It resembles the Antonius seam at Lange-

land and the main bed at Bonenburg. Although this is but a narrow Lias

subsidence bounded on either side by Keuper and Muschelkalk, and large

reserves cannot therefore be expected, prospecting has latterly been carried
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on to a large extent in the southern part of the syncline, where the deposit

has proved to become richer in depth. The character of the ore appears

to be more favourable than that at Langeland and Bonenburg, the silica

being below 14 per cent. The ore formerly smelted at the Veckernhagen

works contained on an average 30 per cent of iron.

The Markoldendorf Lias syncline, illustrated in Fig. 412, contains

rich iron ore west of Einbeck. In this case also the deposits, which may
reach a thickness of 3-4 m., are found in the Middle Lias. The beds, which

greatly resemble minette, are sap-green, bluish, or brown in colour. The

^^:Il'-^^^-^_^^- ^^ EINBECK

oldena'or/\^~^:=Z^-r'z.i~_=^^^r2-=r^2^^^^^C^^£^~-^^^

Mid. Lias Am. Ani. Am. Am.
with oolitic Cifer. plauicosta. geom. angulatus.
limestone. '

.,.
. ^

Lower Lias.

Fig. 412.—Oolitic iron deposits in the Markoldendorf Lias syncline.

Scale 1 : 100,000. Emerson.

iron content is given as 30-36 per cent. Since the Lias here rises like

islands through the surface Diluvium, the further extension of these deposits

will have to be determined by boring.

At the Kahlberg east of Kreiensen and in the neighbourhood of Kahle-

feld, Echte, Oldershausen, and Wiershausen, the Jurassic, as illustrated in

Fig. 413, occurs completely developed. The middle division comes to

surface in the south-east, the beds dipping as much as 30°, but as a rule

much flatter, into the hill. The mining area covers several square kilo-

metres. According to Schloenbach, the dark, red-brown, and very fine-

grained ironstone is oolitic, contains many fossils, and reaches a thickness
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of 1-5 to 2 metres. It belongs to the horizon of Ammonites Jamesoni.

The old mines at Oldershauseu likewise worked an ironstone bed, 1-5-2 m.

in thickness, the ore from which was smelted at Karlshiitte near Alfeld.

The early figures of the iron content of the ore, 34-38 per cent, are probably

unreliable ; it is more likely that the composition was similar to that of

Wiershausen

Bc?5Sl
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The most important of these Middle German occurrences are those

at Harzburg on the north border of the Harz, iUiistrated in Fig. 414. These

consist of : (1) the Lias oohtic ironstone at the Friederike mine
; (2) the

oolitic ferruginous limestone at the Hansa mine, belonging to the White

Jurassic
; (3) the limonite- and phosphorite conglomerates of the Lower

Cretaceous or more particularly the Neocomian
; (4) the ironstone con-

glomerates of the Upper Cretaceous or more particularly the Emscherian.^

Of these however, only the first-mentioned are economically important.

The general geological position is indicated in Fig. 414. A section along

a north-west line exposes from west to east : Bunter, Muschelkalk, Keuper,

Fig. 414.—Oolitic ironstoue in the Lias formation near Harzburg. Scale 1 : 50.000.

Einecke and Kiililer.

Lias, Dogger, Malm, and Lower- and Upper Cretaceous. The beds are

overturned and dip about 50° to the south, that is, into the Harz. With

regard to mineralization, only the Lias comes into question, and not only

the afore-mentioned Ammonites Jamesoni horizon of the Middle Lias, but

also the Arietites beds of the Lower Lias. The ironstone seam in the

Middle Lias has a thickness of 2 m. ; at a distance of 80 m. in the geological

foot-wall, but owing to the overthrust in the actual hanging-wall, follows

the rich ironstone horizon of the Lower Lias with four beds having thick-

nesses of 2 m., 2-5, 6-0, and 1 m. respectively, these being separated from

one another by several metres of clay and black slate. The Friederike mine

works three beds of 3, 2-50, and 6 m. thickness respectively. The total

thickness in the Middle Lias being 14-50 m., this occurrence is the largest

in the north-west German Lias.

1 Postea, p. 1040.
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The shortness of the length along the strike is noteworthy, this to

the east and west being 1100-1200 m., after which the beds become

calcareous. The Friederike mine yields annually 50,000-60,000 tons of

ore, which is smelted at the Mathilde works.

The occurrence at Rottorf on the Kley, illustrated in Fig. 415, is situ-

ated in the north-west portion of the Helmstedt Lias syncline between

Helmstedt and Fallersleben, which syncline has a length of more than 40 km.

in a north-westerly direction between Oschersleben and Fallersleben. The

Loiv.Lias Mid. Li05 Tertiary Diluvium
ujifh OoliHcIronstone

Fig. 415.—Oolitic ironstone in the Lias syncline near Rottorf. Scale 1 : 100,000.

Einecke and Kiihler.

section there, beginning from the bottom, consists of Lias sandstone, above

which, in addition to clays, comes the ironstone horizon of the Arietites

beds, these in turn being covered in several places with still later

sediments of the Middle and Upper Lias. In the ironstone horizon and

principally east of Rottorf, the minette-like ore-beds may be followed for

a considerable distance and width. They display distinct oolitic structure,

and as a rule are violet or red, and only in the lowermost beds, green.

The thickness, hitherto determined in but few places, varies between

2 and 3 m. ; the iron content is on an average 30 per cent. In other

respects the character of the ore is favourable, more particularly since the
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phosphorus content, owing to the abundance of phosphoric fossils, is high.

The ores were formerly smelted at the Hedwig works at Helmstedt.

South-east of this Lias occurrence the horizon of the iron oolites

occurs again between Helmstedt and Oschersleben, around Marienborn,

Sommerschenburg, and Badeleben. This deposit is usually named after

Sommerschenburg. The beds belong here to the Ammonites BucMmidi

and Ammonites bisulcatus zones of the Lias ; they are gently undulating

and dip, generally speaking, 9°-10° west-south-west. The separation

between the ore-bed and country-rock is not sharp. The ore in the

foot-wall and hanging-wall gradually merges into a sandy ferruginous

marl or into clayey-calcareous weathered material. The ore is calcareous,

argillaceous, or arenaceous. Only the calcareous portions, which consist

almost entirely of coarse, lustrous, oolite grains with very httle cementing

material, are payable. These oolites are flat, lenticular, elliptical, or angular

Fig. 416.—Oolitic ironstone at Bislich on the Lower Rhine.

Einecke and Kiihler.

Scale 1 : 100,000.

in shape. The thickness in the neighbourhood of Sommerschenburg is

2-6 m. and the length 10 km., the original length having been reduced to

some extent by erosion. The ore contains 30-32 per cent of iron, as well

as CaCOg and MgCOg, AlgOg, and SiOg. Its character on the whole is

very similar to that of the Harzburg occurrence. It was formerly smelted

at the Hed^^dg works at Helmstedt.

In the year 1903 an oolitic ore-bed, 8-5 m. thick, was accidentally

found at a depth of about 470 m. in deep bore-holes for coal on the lower

Rhine west of Wesel, at Bislich. This occurrence is illustrated in Fig. 416.

The discovery was all the more sensational since the ore in structure and

composition was very similar to Lorraine minette. According to the late

state geologist Dr. Mliller, this ore also belongs to the Middle Lias. Further

prospecting work by means of bore-holes has demonstrated the presence of

a limited extent of iron-bearing Lias measures, bounded by faults. The

length of this extent has been reckoned by Einecke and Kohler at 2 km.,

and the width at 300 metres.
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The economic importance of all these minette-like Lias iron ore-beds of

north-west Germany, as will have been gathered, is at present not great.

It must be remembered however that the present period is one of prospect-

ing, and that mining operations formerly prosecuted on most of the occur-

rences mentioned, were stopped not because the deposits were exhausted,

but for other good reasons. A favourable factor is that the ore in many
cases is self-fluxing. The phosphorus content is usually sufi&cient for

the Thomas process. In the case of ore which is not self-fluxing, the

relation between the silica and lime is fairly good so that a large amount

of lime flux is not necessary. Comparing the ore of these minette-like

occurrences with that of Alsace-Lorraine, after taking everything into

consideration it may be said that the minette proper is somewhat

superior to the north-west German iron oolite.

The total reserve of all these deposits, not including those of Heinberg

and Bislich, has been estimated by Einecke and Kohler at 45,000,000 tons.

The individual deposits according to their importance would be placed

in the following sequence : Harzburg, Kahlberg, Langeland, Welda-

Vplkmarsen, Sommerscheuburg, Rottorf-am-Kley, Markoldendorf, and

Bonenburg.

The Wesergebirge

LITERATURE

F. RoMER. Die jurassische Weserkette. Bonn, 1858.—D. Brauns. Der obere Jura

im nordwestlichen Deutschlands. Brunswick, 1871 and 1874.—F. v. Ducker. ' tjber

oolithische Eisenerze aus der Gegend von Minden,' Nat. Verb., 1875, Corr. p. 57.—H. v.

Dechen. Erlauterungen zur geologiseben Karte der Rbemprovinz und Westfalens, 1884,

Vol. II. p. 368.—F. V. DtJCKER. ' Eisensteinbergwerke am Wesergebirge,' Nat. Verb., 1884.

—E. Harbort. ' Die Scbaumburg-Lippescbe Kreidemulde,' Neues Jabrb. f. Min., 1903.

—Th. Wiese. ' Die nutzbaren Eisensteinlagerstatten, insbesondere das Vorkommen von

oolitbischem Roteisenstein, im Wesergebirge bei Minden,' Zeit. f. prakt. Geol., 1903, p. 217.

—

J. ScHLUNCK. ' Die Jurabildungen der Weserkette bei Liibbecke und Pr. Oldendorf,'

Jahrb. d. pr. geol. Landesanst., 1904, p. 75.— G. Einecke and W. Kohler. 'Die

Eisenerzvorrate des Deutschen Reiehes,' Archiv f. Lagerstattenforschung, Kgl. geol.

Landesanst. Berlin, 1910.

The Wesergebirge, a range of hills about 100 km. in length, and running

approximately west-north-west, consists of Jurassic beds dipping 18°-30°

to the north. Upon dark Liassic shales—Amaltheus clays and Posidonia

slates—lies the extensively developed Brown Jurassic, consisting of sandy

clays, limestones, and marls. Above this again comes the White Jurassic

with the coralline oolite—the Coral Rag—the parent rock of the Weser-

gebirge oolitic haematite. This sequence is illustrated in Fig. 417. The

following deposits are known : (1) the spharosideritic clay-ironstone of

the Upper Lias and Lower Dogger, on the south slope of the range
; (2) the
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clayey iron oolite seam in the hanging-wall of the Macrocephalus sandstone

—Upper Dogger—west of the Porta ; and (3) the oolitic haematite in the

Coral Rag, east of the Porta.

1. The clay-ironstone nodules of the Upper Lias form several beds

of variable thickness lying one above the other ; one sample contained

31-5 per cent of iron.
^
These deposits are at present of no economic

importance.

2. Immediately above the Macrocephalus sandstone comes a clayey

iron oolite which, beginning in the neighbourhood of the Porta, reaches

its greatest thickness of 2 m. at Haverstedt, and pinches out west of

Liibbecke. This Wittekind ore-bed dips about 30° north-north-east. It

consists of a calcareous sandy rock which when fresh is blue-black, and

when weathered is loose and reddish- or yellowish-brown. It is mostly

a fine-grained oolite with a clayey and sandy matrix ; frequently it

J06 JOS jot jtiioijoim

JH= Lias; j//i4 = Lowei- Dogger; jw3 and jHi2 = Cornbrash ;
j)/il = KelIo\vay

;
jo9 and joS = Lower Oxford,

j()7'= Upper Oxford, blue oolitic Jurassic limestx)ne
;
jo6—jcj3=Kimmeridge

; jo2 = Portland ; jol = Purbeck;
rr2 and Jn= Wealden ; d= Diluvium.

FifJ. 417.—Diagrammatic section through the Wesergebirge east of the Porta Westfalica.

»(

is spotted with lime oolites varying in size from a pea to a bean. The

upper portion of the seam exhibits spharosideritic segregations in the form

of large, flat, irregular nodules. Average analyses of the raw ore give

29 per cent of iron and considerable insoluble residue. It is exploited by

the Georgs-Marien works at the Porta I. mine in the Walliicke valley. The

reserves are estimated at about 10,000,000 tons of payable ore.

3. The haematite of the Coral Rag belongs to the Upper Oxfordian.

The ferruginous oolitic limestone of this Rag merges gradually into oolitic

haematite beds which, though generally small, occasionally reach large

dimension. There is little conformity of bedding, so that prospecting for

these deposits is difficult. The thickness in the valley near Lerbeck is

0-6-5 m., at Levernsiek in the former Viktoria mine 0-6-8 m., and in the

valley at Nammern 0-5-1-4 metres. The iron content across the thick-

ness is very variable. Two analyses by the Dortmund Union gave 41 to 43

per cent of iron and about 11 per cent of insoluble residue. The ore-bed of

the Wohlverwahrt mine in the gorge near Kleinenbremen is particularly
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well opened up. It is 2-2-5 m. in thickness, and along the dip of 16°

has been proved for 1000 metres. The iron content is 37-38 per cent.

Thirteen metres below this seam lies the Nammern-Klippen ore-bed, the

most extensive deposit m the Coral Rag. This bed continues for a length

of 10 km. along the strike, and is 4-12 m. in thickness. The iron content

is 25 per cent.

Mining operations upon these haematite beds, which began in the years

1875-1877 in the Levernsiek valley 3 km. east of the Porta, have in

the case of some of these occurrences continued ever since, though with

variable results. In addition to large ore-reserves about 50,000,000 tons

of ferruginous limestone flux are estimated to be present.

Kressenberg and Sonthofen

LITERATURE

W. V. GtJMBEL. ' Geologic von Baj^ern,' Vol. II. Geologische Beschreibungen von

Bayern. Kassel, 1894.—0. M. Reis. Erlauterungen zu der geologischen Karte der

Vorderalpenzone zwischen Bergen und Teisendorf I. Stratigraphical Part, Geognost.,

Jahresheft 8, 1895, Kassel, 1896 ;
' Zur Geologie der Eisenoolithe fiihrenden Eozanschichten

am Kressenljerg in Baj-ern,' Geognost. Jahresheft 10, 1897, p. 24, Munich, 1898.—W. v.

GiJMBEL. Geognostische Beschreibimg des Bayrischen Alpengebirges, 1861, p. 647.

—

H. V. Dechen. Die nutzbaren Mineralien und Gebirgsarten im Deutschen Reiche, revised

by W. Bruhns in collaboration with H. Bucking, Berlin. 1906. «

In the foothills of the Bavarian Alps, Nummulitic beds belonging to

the middle Eocene carry oolitic iron deposits which continue uninterruptedly

from the Mattsee and the Haunsberg north of Salzburg, through Kressenberg

on the Chiemsee, to the Griinten near Sonthofen in the Algau, and still

farther. The most important occurrences are those at Kressenberg and

on the Griinten, where mining operations, at present still active, have

at times been animated. Reis describes that at Kressenberg as two

steep ore-beds, the Upper black bed and the Lower red bed, separated

by measures containing some Middle beds. The bedding is complicated

by numerous transverse and longitudinal disturbances as well as over-

thrusts. These disturbances are responsible for duplications, from which,

formerly, the mistaken idea of a large number of beds arose. The

occurrence of kinks or pleats along the strike is characteristic of these beds.

The ore-beds are 1-2 m. thick, and consist of oolitic hmonite which contains

quartz, glauconite, etc., and gradually merges into ferruginous sandstone.

The cementing material in the black and red beds difiers ; that of the

former is rich in ferrous oxide, that of the latter in ferric oxide. The

black seam contains on an average 35 per cent of iron \^dth 0-55 per cent of

phosphorus ; the red seam 18-22 per cent of iron. The operations formerly
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carried on by the State, were abandoned in the year 1881. The present

yearly production is probably some 1000 tons.

On the south slope of the Griinten a large number of oolitic iron beds

up to 1 m. thick were formerly opened up. It is probable that in

reality the number of independent beds is small, but that these by faults

and overthrusts have become duphcated, giving the present appearance

of a large number. The iron content of the ore is low.

England : Cleveland, and Northajvipton

LITERATURE

W. Fairley. .Toiirn. Iron and Steel Inst., 1871, p. 154.—G. Barrow. Proc. Cleve-

land Inst. Eng., 1877 to 1880, p. 108.—H. Bauermann. Metallurgy of Iron, 1882, p. 89.—

Fig. 418.—Map of the Cleveland iron district. Scale 1 : 600,000.

Sir LowTHiAN Bell. ' On the American Iron Trade,' Journ. Iron and Steel Inst., 1890,

p. 119.—A. L. Steavenson. 'The Last Twenty Years in the Cleveland Mining District,'

Journ. Iron and Steel Inst., 1893, XLIV.—.J. D. Kendall. The Iron Ores of Great Britain,

1893.

—

Phillips and Loxns. A Treatise on Ore Deposits. London, 1896.—H. Louis. ' The
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Iron Ore Resources of the United Kingdom of Great Britain and Ireland,' in the Iron Ore
Resources of the Workl, Stockhohn, 1910, Vol. II. p. 630.—H. B. Woodward. ' Lias of

England and Wales,' Mem. Geol. Survey, 1893.

Cleveland

This important iron deposit, delineated in Fig. 418, occurs in the

Cleveland Hills in north-east Yorkshire, and is at present the most pro-

ductive in Great Britain. It belongs to the Middle Lias, and generally

consists of several beds separated by barren layers of slate and sandstone.

Where best developed it exhibits a total thickness of more than 20 feet.

The two principal beds, after the abundance of the particular fossils in

them, are known respectively as the Pecten and Avicula seams. The ore

is usually dark blue-green in consequence of contained iron silicate ; it

exhibits oolitic structure and contains numerous fossils. Though subject

to considerable variation at different places, the following average section

will be of interest

:
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worked together, making a combined thickness of 15 ft. 6 inches. On an

average the thickness of the Main seam by itself may be put at 8-9 feet.

In the south and east of the district a bed of hard slate, 2 ft. thick, occurs

in this seam. The best ore, consisting of impure iron carbonate, is bluish

in colour. The iron content varies from 30 to 35 per cent, the phosphoric

acid from 1 to 3, and the sihca from 6 to 10 per cent. The average

composition of the ore may be gathered from the following analysis :

Fe, reckoned as Fe,03
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The largest production was reached in the year 1883 with 6,756,000

tons, since which date it has varied between 5,000,000 and 6,000,000 tons.

The total output of the Cleveland district up to the present day is reckoned

at 250,000,000 tons, to which the Main seam has contributed by far the

largest quantity. The ore-reserves still available have been estimated by

Louis to amount to 3,000,000,000 tons, equivalent to about 1,000,000,000

tons of iron.

It is interesting to note that a similar ironstone bed occurs in

practically the same geological horizon on the island of Eaasay off the west

coast of Scotland. The thickness of this seam is 5 ft., while the outcrop

may be followed for more than a mile. Though it contains 29 per cent

of iron this deposit has never been worked.

Northam'pton

The Northampton iron ore was formerly worked over a wide area which,

with breaks, extended from Steeple Aston in Oxfordshire on the south, to

Greetwell near Lincoln on the north, a distance of nearly 100 miles. This

area is illustrated in Fig. 419. In its southern portion the metalliferous

belt strikes north-north-east, and in its northern portion almost due north.

The maximum width reaches 20 miles. The ore-bed belongs to the Inferior

Oolite, to the zone of Ammonites Murchisonae, which extends from near

Banbury throughout the whole of Northampton. It lies at the base of the

Oolite in a bed known as the Northampton sands. The petrographical

character of this bed varies greatly ; sometimes it is ferruginous, sometimes

calcareous, and sometimes slaty. It is tilted and possesses in general an

easterly dip. It appears fairly certain that the ore-bearing beds pinch

out south of Steeple Aston, so that the probability of finding ore in this

horizon still farther south, is small. Similar conditions prevail north of

Lincoln.

The iron content of the beds, in harmony with their frequently changing

character, varies very considerably ; the beds often pinch out or merge

into ferruginous sands or thin iron seams. In some places the ore-bed is

as much as 30 ft. thick, though only exceptionally is more than 12 ft.

payable ; an average of 9 ft. throughout the whole district may be

taken. The following thicknesses are mined at the places mentioned

:

Waltham-on-the-Wolds ..... 4 feet.

Kettering . . . . . . . 6 „
Finedon and Eston . . . . . 12 ,,

Irthlingborough Glebe, near Wellingborough . . 17 ,,

At the outcrop the ore occurs in the form of a sandy brown haematite,

often consisting of yellowish-brown sand grains cemented together by

limonite. When such is the case an oolitic, impure, grey, greenish, or
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bluish iron carbonate with considerable silica, frequently occurs in depth.

The oxidized ore at the surface contains 25-40 per cent of iron, though rarely

more than 35 per cent, with 15-25 per cent of silica. The iron content of

the carbonate from greater depth varies between 30 and 35 per cent with

12-14 per cent of silica. The phosphorus content is generally 0-5 per

cent and exceptionally 1 per cent. Phosphate concretions occur in places.

The typical composition of the ore may be gathered from the follo"s\ang

analyses :
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The ore is essentially a calcareous limonite containing up to 20 per

cent of CaO. It is often green in colour, consisting then of calcareous

iron carbonate. It may be assumed with fair certainty that this limonite

is an oxidation product. The ore contains on an average 22-25 per cent Fe,

10 per cent CaO, and about 10 per cent of SiOg ; the phosphorus content

varies between 0-2 and 0-5 per cent. Although the iron content is not

high the considerable lime content makes this ore very suitable to mix

with the siliceous ore from Northampton.

The surface area of this ore-bed can be put down as 40 square miles.

Each square mile contains on an average 3,000,000 tons of ore, and the

total reserve is accordingly estimated at 100,000,000 tons. The deposit

was discovered in the year 1859, and the first smelting works were erected

in 1864.

The Clinton Ore-Bed in the United States
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—

Ernest
r. BcRCHARD, Charles Butts, and Edw. C. Eckel. ' Iron Ores, Fuels, and Fluxes of the

Birmingham District, Alabama, with Chapters on the Origin of the Ores,' Bull. 400 U.S.

Geol. Surv., 1910.—H. Ries, Economic Geology, with special reference to the United States.

New York, 1910.—Charles L. Henning, Die Erzlagerstatten der Vereinigten Staaten

von Nordamerika u.s.w. Stuttgart, 1911.

The Clinton stage of the Upper Silurian, dehneated in Fig. 420, contains,

practicalh' throughout, one or more beds of red haematite intercalated

between slates and limestones. These deposits possess considerable extent

in Wisconsin, Ohio, and Kentucky, in New York, Pennsylvania, West

Virginia, in eastern Temiessee, in north-west Georgia, and finally in Ala-

bama, that is to say, in places situated 1500 or even 2000 km. distant from

one another. The name of this ore is taken from the town of Chnton in

New York, where the deposits are typically developed. The principal

mining operations are carried on at present in the Birmingham district,

Alabama.

The term ' Chnton group ' has since the beginning of last century been

applied to an alternation of Upper Silurian clay-slates, sandstones, and
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impure limestones, which lie on the Medina sandstone and are in turn

overlaid by the Niagara slate. All three horizons belong to the lo^^er Upper

Silurian, The Clinton beds are obviously a shallow-water deposition, and

accordingly subject to great petrographical variation. In New York

Fig. 420.—Map of the western half of the Birmingham iron district, Ala.

Burchard and Butts, U.S. Geol. Survci/.

], outcrop of tlie Clinton bed on the Red Mountain; 2, area where the Irondale seam is worked; 3,

area where the Big seam is worlied ; 4, area of Ironilale and Big seams not payable under present
conditions.

state and to the west, they lie with the other Palseozoic formations almost

horizontal ; farther south, conforming to the folds of the Appallachian

Region, they are so disturbed that their outcrops are often sinuous and

irregular.
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The occiu'reuce of the hsematite deposits in these beds is, generally-

speaking and taking into consideration the nature and character of the

occurrence, uniform, though the number, thickness, and exact position

of the beds, vary. In the eastern districts they are well developed, while

in the west, mth the exception of Wisconsin, they are almost completely

absent.

At Clinton in New York three ore-beds occur, these together making

a thickness of 6-10 ft., of which however only about 2 ft. can be worked.

The beds have in general a lenticular form and are divided into fossil- and

oolitic ore. The former contains abundant remains of Bryozoa, Crinoids,

Corals, and Brachiopoda. The oolitic ore consists of an aggregate of fiat

"•rains lying with their larger surfaces parallel to the bedding, and cemented

either by iron oxide or calcite. The separate oolites frequently contain

a o-rain of sand around which thin layers of iron oxide, silica, and alumina

have been deposited.

In Pennsylvania, where the thickness of the Clinton beds increases

considerably, C. H. Smyth, jun., distinguishes six different ore-beds, of

which only two or three are oolitic. The ore consists of amorphous

haematite Avith a variable lime-alumina content. Where it outcrops the

lime is leached and a material rich in iron and silica has resulted. The

calcareous imaltered ore is known as ' hard ore,' while the leached ore is

termed ' soft ore.' In the important Birmingham district four horizons in

the Clinton series may be differentiated, these being known as the Hickory

Nut, Ida, Big, and Irondale seams, respectively, the positions of which are

illustrated in Fig. 420. In Alabama the ore-beds have been followed by

bore-holes to a depth of 240 metres. The iron content varies between

30 and 48 per cent ; the phosphorus content, with the exception of the

Birmingham district, is high, varying between 0-5 and 1 per cent. The

sulphur content is low.

The average thickness of the Clinton ore-beds varies between 0-66 and

4 feet.

Of the United States iron ore production, the Lake Superior ores in

Michigan and Minnesota yield at present by far the largest proportion.

The Clinton ores come second with a production of some 4,000,000 tons

in. Alabama alone, and \\'ith large productions, not, it is true, reaching

a million tons, in some of the other states. The Clinton ore -reserves

are estimated by J. F. Kemp at about 505,000,000 tons of positive ore

and 1,368,000,000 tons of probable ore.

The genesis of the Clinton deposits has long been the subject of

discussion in the United States. Some authorities regard them as ferru-

ginous limestone beds, the calcium carbonate of which has, in the neigh-

bourhood of the surface, been leached. This is known as the residual
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enrichment theory. Since however nowhere in the deep mines has any

change from ore to Umestone been noted, this theory must be abandoned.

Other authorities have advocated a metasomatic origin, and others again a

primary sedimentation. Against metasomatism and in favour of original

sedimentation, is the fact that no fissures along which mineral solutions

could have penetrated have been recognized, and the further fact that

the ore-beds are conformable over large areas. Fragments of ore have

also been met in the hanging-wall beds, from which it follows that the

ore had already been formed before the sedimentation of these hanging-wall

beds. According to C. H. Smyth, ^ the Clinton group of sediments was

deposited in a shallow basin into which rivers draining large districts of

crystalline schists, flowed. The oxide ore he considered was precipitated

in the manner accepted for oolitic ores. Other authorities consider that

greenalite ^ or glauconite was first formed, which subsequently became

altered to iron oxide.

THE BLACKBAND AND CLAY-IRONSTONE BEDS

There are many districts in which blackband- and clay-ironstone

deposits occur, though, since such ironstone rarely fulfils the conditions

imposed by the market, but few of these districts are of any importance

to-day.

In general two forms of occurrence may be differentiated, namely :

1. Concretionary deposits of spharosiderite.—The individual con-

cretions are more or less loaf-shaped ; they either He so close together as

to form fairly compact beds, or occur more or less numerously embedded

in one particular bed. This latter condition hardly ever results in

an economic deposit.

2. The second form is that of the true ore-bed, in which the entire

thickness consists of ironstone. These so-called seams may extend without

interruption over large areas and even through whole coal basins.

The thickness is very variable, beds from one to several feet in thick-

ness being worked. Only exceptionally do the beds lie horizontally
;

mostly, as the result of subsequent tectonic disturbance, they are more

or less steeply inclined.

The distribution of the ore in the concretionary deposits is very variable,

while with the seams, on the other hand, the composition is often uniform

over great areas. In the case of beds containing ironstone-concretions it

must be carefully determined what fraction of the total thickness these

1 Loc. cit, 1892.

2 See chapter on Lake Superior ores.
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concretions constitute. Ore-beds, also, may alter their petrographical

character along the strike to such an extent as to merge quite gradually

into ferruginous slate or ferruginous limestone, etc.

These deposits consist of siderite, clay - ironstone, and hlackband

ironstone. The siderite only exceptionally is clean ; usually it is mixed

with much clay, such a mixture being known as clay-ironstone. Some
beds consist of limonite and clay, this mixture being likewise termed clay-

ironstone. The composition varies according to the relation of the siderite

or limonite to the barren material ; while clean siderite may contain as

much as 48 per cent of iron and the average content of the ore as pro-

duced sometimes reaches 40 per cent, the clay-ironstone beds contain

mostly only an average of about 30 per cent. The term blackband iron-

stone is applied to an admixture of clayey siderite and carbonaceous

material, the siderite varying between 35 and 78 per cent.

Throughout these ores the primary iron ore is siderite, FeCOg,

which generally contains a small isomorphous admixture of manganese-,

calcium-, and magnesium carbonates. These ores accordingly differ

mineralogically from the oolitic ores and the recent lake- and bog ores, in

that with these latter the iron originally was deposited exclusively or

preponderatingly as ferric oxide or ferric hydrate. Clay-ironstone, again,

differs mineralogically from the chamosite and thuringite mentioned later,

in that these latter represent silicates.

The clay- and blackband ironstone deposits occur in the Coal-measures

in closest association with coal seams. In former years especially, not only

coal but ironstone also was produced in many coal mines. Such ironstone

is found in the Coal-measures of nearly all coal basins. Though the most

important deposits of this ironstone belong to the Coal-measures, seme are

also found in the Permian, Triassic, Jurassic, and Cretaceous.

In relation to genesis, these ores are partly secondary concretions and

partly primary depositions. The former are to be compared, at all events

in part, with those of the Scandinavian glacial clay deposits, the so-called

MarleJcer, consisting of clay and calcium carbonate, this latter having been

precipitated by decaying organisms. Similarty, in the case of the concre-

tionary spharosiderites ferrous carbonate was precipitated from solution

in concretionary form before the consolidation of the country-rock, small

spharosiderites or pennystones and somewhat larger lenses being formed.

The more continuous beds of blackband- or clay-ironstone, on the other

hand, are probably in the main a primary deposition from ferrous carbonate,

though subsequent replacement may also have played a part.

The close association with coal seams proves that the ironstone

horizons are in general shallow-water deposits. A repeated alternation

of coal seams, ironstone Ijeds, and beds containing Goniatites, occurs in
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several places, indicating changes of level during the filling of a large

subsiding area. The Stigmaria horizons, these being the plant-root beds

in the immediate foot-wall of the seams, are ferruginous, indicating that

deposition of iron continued in most cases after elevation to above sea-

level.

The deposition of the iron exclusively or in greater part as ferrous

carbonate proves that precipitation took place from solutions poor in

oxygen. This was probably because the oxygen had already been con-

sumed by the large number of organisms present in the metalliferous

solution.

In the Coal-measures the ironstone bed occasionally lies immediately

on the coal seam, the ironstone and the coal along the strike or dip some-

times even merging into each other.

Primary depth-zones may be observed in the ironstone beds in so far

that the hanging-wall portions are usually richer in carbon and clay

than the foot-wall portions, while the phosphorus content diminishes

towards the hanging-wall. Secondary depth- zones come into question

when, as the result of subsequent tilting, the beds come to the surface, the

siderite by atmospheric agencies then becoming altered to limonite.

Of the accessory constituents of the primary ironstone, principally

two are to be mentioned, namely, manganese and phosphorus. The

manganese content is seldom considerable, 1 per cent being exceeded

in relatively few cases. Phosphorus, on the other hand, occurs in relatively

large amount in many seams, layers of phosphorite | inch to several inches

thick sometimes occurring associated vnih the ironstone. In such cases

the phosphate of lime does not form continuous beds but lenticular and

nodular masses. The appearance of the phosphorite may then be so

similar to that of the ironstone that it is not always easy to distinguish

one from the other. Clay- and blackband ironstone free from phosphorite

does not as a rule exhibit a particularly high phosphorus content, a usual

figure being 0-1-0-3 per cent. As far as the carbonate is concerned, these

ores may be enriched by roasting, after which they frequently contain 40-45

per cent of iron.

Westphalia

LITERATURE
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1903.—P. Krusch. ' Der Siidrand des Beckens von Miinster u.s.w.,' Jahrb. d. pr. geol.

Landesanst., 1908.
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Kohler and Einecke. ' Die Eisenerzvorrate des Deutschen Reiches,'
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The ironstone beds in Westphalia represent but a small percentage of

the Carboniferous formation there. They consist of clay-ironstone and

siderite, and occur, relatively speaking, most frequently in the lower portion

of the Coal-measures, that is, in the lean coal. The rich coal is poorer,

while the gas coal and bituminous coal have proved to be the poorest of

all. This ironstone is particularly interesting, in that one and the same

bed may be developed partly as coal and partly as ironstone, while parts

of a bed and even whole ironstone beds may merge into coal seams, and

vice versa.

Leaving out of consideration the oxidation zone above ground-water

level where limonite has been formed by meteoric waters, there are, accord-

ing to Baumler, three kinds of primary ore, namely :

1. Yellomsh- to blackish - grey, crystalKne, mostly unstratified,

granular siderite.—This is almost pure and occurs comparatively seldom
;

it is known only in the lowermost lean coal.

2. Blackband ironstone. — All horizons of the Westphalian Coal-

measures in one place or another carry this ore. It is found particularly

in the lean coal, while in the rich coal there are but few deposits of any

great thickness.

3. Clayey spharosiderite.—This occurs as more or less large nodules

in shale, the number of such nodules being at times so great that a fairly

compact bed results. Such beds however have nowhere been regularly

mined as they quickly pinch out.

The richer varieties of the blackband ironstone have a specific gravity

of 2-8-3, and a hardness of 3-4. The fracture is slaty to flat-conchoidal.

Across the bedding a banding due to alternating lighter and darker

layers is frequently seen. All gradations occur between pure coal, black-

band ironstone, and clean siderite, while the hardness varies according

to the proportion between siderite and coal. The most metalliferous

portion of the ironstone bed is usually the lowest ; in the hanging-wall the

ore occasionally merges into ferruginous slate. These beds are frequently

associated with phosphorite beds which however occupy no special horizon

in relation to the ironstone. This phosphorite apparently diminishes

towards the hanging-wall of the Coal-measures.

The ironstone beds are rich in organic remains. They are often

identical with the marine horizons, more rarely with those containing

fresh-water fossils. Fossils are mostly found in the upper layers of the

ore-beds, at the contact of the coal with the oil-shale or immediately in the

hanging-wall of that contact. Vegetable remains are also frequently present.
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Most of the blackbancl ironstone deposits lie in greater part upon

the coal ; no preference for any other Carboniferous rock, as for instance

slate or sandstone, has been observed. One great drawback connected

with these ore-beds is the sudden change in strike and dip to which they

are subject, which may often be accompanied by complete disappearance

of the bed. This renders their working very difficult. In addition, the

individual beds are hable without change in thickness to pass from iron-

stone into coal, oil-shale, or ferruginous slate. According to Baumler, it has

repeatedly been observed that ironstone cut off on one side of a fault

continues on the other side as a coal seam. Probably in such cases also it

is rather a question of sudden diminution in thickness, upon which the fault

had no influence whatever. It would not be far wrong to attribute

the formation of typical ironstone beds to springs, and to assume that

the greatest thicknesses occurred where such springs emerged.

From the foot-wall to the hanging-wall the best known beds are the

Herzkamper, the Kirchorder, and the Hattinger siderite seams. The un-

roasted ore contains on an average 41-45-6 per cent of iron with 1 per cent

of manganese and 0-68 per cent of phosphoric acid ; roasted ore has been

obtained containing 58-65 per cent of iron. The production in 1857

amounted to 675,000 tons ; in 1865 it reached its maximum of 1,154,000

tons ; in 1906 about 42,000 tons were won ; while to-day mining operations

are completely suspended.

According to analyses, these Coal-measure deposits should be worthy

of beneficiation ; unfortunately however, the cost of mining is so high that

any idea of working them, even in the future, can hardly be entertained.

England and Scotland

literature

' Iron Ores of Great Britain,' Memoirs of the Geological Survey, 1856.—J. A. Phillips

and Henry Louis. A Treatise on Ore Deposits. London, 189G.

—

Henry Louis. ' The

Iron Ore Resources of the United Kingdom of Great Britain and Ireland,' in The Iron Ore

Resources of the World, Vol. II. Stockholm, 1910.

Half a century ago in England and Scotland the clay-ironstone of the

Coal-measures was almost the only source of iron ore.

As in Westphaha, this ore occurs in continuous beds or in numerous

scattered concretions embedded in slate or clay. The concretions

consist in greater part of ferrous carbonate mixed with carbonate of lime,

carbonate of magnesium, and, now and then, some carbonate of manganese.

The compact beds carry either blackband, that is, a mixture of coal and

ore, or siderite. They are found in varying number and thickness in almost

every coalfield. At present they are worked but little in England.
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In Scotland the annual production amounts to about 800,000 tons

of blackband. The ore is intimately associated with coal so that both

may be mined together. It occurs both in the Upper and in the Lower

Coal-measures, the latter corresponding to the Bernician series of northern

England. These two formations are separated by the so-called Limestone

series. The Scottish ore-beds extend over large areas, though they are very

variable in character; blackband, for instance, merges into siderite on the one

hand and into coal on the other. The thickness also varies considerably.

In most cases another bed begins where one becomes unworkable or pinches

out, so that practically speaking the ironstone extends throughout the

whole coal district. The Upper Coal-measures contain on an average 4 ft.

of ironstone, and the Lower Coal-measures, 2 feet. One square mile of solid

blackband 1 ft. in thickness is equivalent to about 2,000,000 tons of ore.

Louis reckons the ore-reserves of Scotland at 8,000,000,000 tons, of which

110,000,000 tons, representing the most easily worked portion, have already

been mined.

The coalfield of Northumberland and Durham likewise contains

ironstone beds, the best-known of which occurs not far above the Millstone

Grit. This ore contains on an average 33-35 per cent of iron. A blackband

bed at Chesterwood produces 20,000-25,000 tons of ironstone annually.

The reserves of Northumberland and Durham are estimated by Louis at

1,500,000,000 tons.

In the Derbyshire and Yorkshire coalfield the thickness of the ironstone

beds varies between 6 inches and 1 foot. In spite of this small thickness

Louis estimates 6,000,000,000 tons of ore. In the North Staffordshire

coalfield four beds are regarded as workable and important, namely, the

Half Yard, the Kedshagg, the Red Mine, and the Bassey Mine seams.

These vary in thickness from a few inches to several feet and may, according

to Louis, contain about 5,000,000,000 tons of ore. These figures of ore-

reserves by Louis are based in part upon somewhat uncertain or in-

sufficient data, and consequently they are not comparable off-hand with

the figures given for the iron deposits, say, of the German Empire.

Generally speaking, the iron content of the English blackband beds

varies between 23 and 40 per cent, mostly it is 26-35 per cent, while on

an average 31 per cent may be taken. The iii soluble residue is 10-20 per

cent, and the phosphorus generally 0-5-1 per cent. The ore is roasted

whereby a product containing on an average 45 per cent of iron is

obtained.

Although the amount of ore in England and Scotland is very consider-

able, the economic importance of the individual occurrences must in the

present position of the iron industry be regarded as small.
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The Cretaceous Clay-Ironstone of Bentheim-Ochtrup,

Ottenstein, and Ahaus
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These ironstone deposits occur along the western border of the northern

portion of the Miinster basin. The metalhferous district is bounded to the

east by the Upper Cretaceous which, in a gentle curve convex towards the

west, extends from Westphalia through Stadtlohn and Ceding to Holland.

Within this curve are found isolated anticHnal uplifts of older Mesozoic

beds from which the Cretaceous covering has been removed by erosion.

The Lower Cretaceous, with which exclusively the ore-deposits are

concerned, forms shallow synclines, between Bentheim and Ottenstein,

within this area. Of these syncHnes that between Bentheim and Ochtrup,

so hidden by a thick Diluvial covering that only around the border is

the Neocomian seen at the surface, is particularly extensive.

The Wealden formation constituting the foot-wall, consists principally

of an alternation of dark shales and limestones ; only in the upper portion

at the contact with the Valanginian is clay-ironstone found, and this

has hitherto been of no importance. The ironstone of the overlying Lower

Neocomian is likewise at present of no importance. The Hauterivian also

carries ironstone. This stage consists of sandstone or loose sand, and the

iron ore as a rule occurs in the form of grains of sand cemented together by

limonite. Such ore owing to its high quartz content is economically

unimportant. Of greater importance is the clay-ironstone found in the

grey-blue to blue-black Aptian clays belonging to the Upper Neocomian.

Farther still in the hanging-wall, the Gault beds belonging to the Albian
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contain no deposits worth mentioning. The formation of the ironstone

accordingly terminated in the Gault. The designation of this ore as Gault

ironstone, though often appHed, should therefore be dropped, since the

principal horizon belongs to the Aptian, that is, to the Upper Neocomian.

Fig. 421.—Clay-iroiistoue deposits between Beutheini and Stadtlohu. Einecke and Koliler.

In the minerahzation, a strip lying between the Hauteri\aan sandstone

ridge and the Gault greensand, as illustrated in Fig. 421, is concerned.

This strip varies in wddth according to the dip of the beds, and is in greater

part covered by Diluvium, \^"ith which on the Dutch frontier, Miocene and

Oligocene are associated.

The Aptian clay-ironstone occurs in the form of beds, some of which
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consist of separate nodules, and some of compact material. These latter

however may at the margin merge into beds of separate nodules, to which

condition they may also at times be reduced by w^eathering. Such nodules

vary in size from a man's head to a fist, and lie with the long axis

parallel to the bedding. The beds vary in thickness up to 40 centimetres.

They are separated from one another by clay or shale, which though firm

in depth is plastic in the neighbourhood of the surface. The thickness of

this intercalated material may reach several metres. The quantitative

relation between it and the ore is a very important factor. According to

the earlier workings this relation was as 1 of ore to 10 of barren material

;

more recent work has however given more unfavourable figures.

The ore when fresh is blue-grey, but upon weathering soon acquires

a reddish-brown colour, the primary carbonate always tending to alter

to red limonite. The iron occurs principally in the form of ferrous

carbonate, contaminated by silica, lime, alumina, and magnesia, and
in part containing considerable phosphorus. An average analysis of

eighteen beds gave : 38-42 per cent of Fe, 0-19 per cent Mn, 6-05 per cent

CaO, M5 per cent MgO, 11-75 per cent residue, 0-71 per cent P, and 0-32

per cent of S. The loss on ignition amounted to 24-63 per cent, so that

such ore by roasting could be enriched approximately twenty-five per cent.

The roasted ore has so far contained 44-49 per cent of iron. It is very

porous though nevertheless firm and transportable, belonging therefore

to the easily reducible ores.

The payability of the ore-beds depends greatly upon advances in the

methods and means of stripping. The reserves have been estimated by
Kohler and Einecke at 15,000,000 tons.

THE CHAMOSITE- AND THURINGITE BEDS

These two varieties of ore, which differ petrographically from the

ordinary iron ores, occur in large amount in but a few places. Both
belong to the lepto-chlorites and accordingly exhibit a crystalline structure,

though crystals are never freely developed.

Thuringite, named after Thuringia, is a hydrous iron-aluminium

silicate, the formula for which, as given in mineralogical text-books, is

HisFe8(Al,Fe),^Sig04i. Since however alumina and silica are frequently

present, this formula gives only an approximate representation of the

composition of the mineral. It consists of a compact light- to dark oreen

mass with a scaly or fine-grained structure. Its hardness is 2-2-5,

and its specific gravity 3-2. It frequently contains 31-35 per cent of

FeO and 12-18 per cent of FcgOg, with 23 per cent of SiOg. Chamosite is
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likewise a hydrous iron-aluminium silicate, the composition of which is

even more variable than that of thuringite. This greenish-grey to green-

black mineral occurs compact or finely oolitic in structure and contains

36-42 per cent of FeO. The name is derived from the bed-like masses in

the Jurassic at Chamosen, Canton Valais, Switzerland.

These two ores, so far as they can be exploited, form beds of very

variable thickness, though it is seldom that any large figure is reached.

Since the ore-bed represents only a special facies of normal sedimentation,

it may gradually merge into ordinary slaty rock.

The secondary formation of gossan in the thuringite- and chamosite

beds is interesting. Both ores by the action of meteoric waters become

changed to limonite, which mineral is substantially richer than the primary

ore. Such a change may reach various depths.

The extent of these beds may be considerable, as is the case with the

Bohemian occurrences. Owing, however, to the low quality of the ore the

extent of operations is always dependent upon the prices fixed by the

Convention. The two best-known chamosite- and thuringite occurrences in

Thuringia and Bohemia are of Silurian age. Other deposits are yomiger,

that of Chamosen in Valais, for instance, being Jurassic. The ore-beds are

everywhere conformable and often alternate with other beds of undoubtedly

sedimentary origin. The structure of the ore is in part oolitic. Chamosite

has also been found in the Lorraine minette. There are accordingly

gradations between the oolitic occurrences on the one hand and the chamo-

site- and thuringite deposits on the other. Typical representatives of both

deposits can nevertheless be readily distinguished from each other.

NudiTZ IN Bohemia
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Dr. F. Katzer. Die Geologie von Bohmen, 1892.—M. V. Lipold. ' Die Eisenstein-

lager der silurischen Grauwackenformation in Bohmen,' Jahrb. d. k. k. geol. Reichanst.,

1863.—Jos. Vala and R. Helmhacker. Das Eisensteinvorkommen in der Gegend von
Prag und Beraun. Prague, 1873.—C". Feistmaxtel. ' Die Eisensteine in der Etage D
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The Silurian stage D of Barrande is divided into the zones d^^-dg, the

extension of which coincides with that of the two flanks of the Brdagebirge.

Zones dj, d^, and dg, are metalliferous.

Zone dg, that is, the lowermost zone of the D horizon, is formed of

grauwacke and slate, with diabase and ironstone. This last is an oohtic

haematite up to 17 m. in thickness, though for a great portion of its extent
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represented by indefinite stringers

in which swellings and contractions

continually alternate. Often
several smaller beds occur,

separated from each other by

diabase or a clayey schist. This

ironstone horizon forms the upper-

most division of zone d^, and has

a thickness of 40-100 metres.

Uhlig mentions a large number of

iron deposits in this horizon, though

to-day these are only of subordinate

importance.

The ironstone of zone d4, that

is, of the Zahofan beds, is con-

siderably more important, in-

cluding as it does the important

ore-bed at Nucitz. This zone

consists of quartzose - clayey,

micaceous, grauwacke schists with

intercalated quartzitic or fine-

grained grauwacke. The schists

when fresh are dark grey, while at

the outcrop they are brownish.

The ironstone bed at Nucitz,

worked in opencut, occurs in

schistose country - rock on the

northern flank of this Silurian

area. It reaches 22 m. in thick-

ness, from which maximum it

pinches out gradually both east

and west. The tectonics of this

bed, which dips 50°-60°, are com-

plicated by reason of six large

faults. The throw of these faults

individually reaches 900 m., the

amount increasing from east to

west. By these faults the dis-

position of the six shafts, from

which the deposit has so far been

developed for a length of 8000 m.,

has been determined. This deposit
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is known to the north-east as far as Jinonic near Prague, and to the south-

east through Lodenitz, Vra^, Beraun, to Knizkowic. Here at Zditz it

occurs at the surface with a \\adth of 11 m., so that it can again be

mined by opencut. Altogether this ore-bed is known for a length of 40

kilometres.

The dark greenish-grey, more seldom bluish-grey ore is principally

a ferrous silicate of oolitic structure with a more or less sideritic or schistose

matrix. It is generally described as chamosite, though mineralogically

Fig. 423.—The chamosite <leposit at Schmiedefeld in Saxe-Meiniiigen.

Scale 1 : 100,000. Eiuecke and Kuhler.

f!)= Cambrian ; .S'l7r = Lo\ver Silurian quartz-schists ; .Sla = Lower Silurian Griffelschiefer ; *'l/3 = overlying

Silurian dark slate. Tlie Lower Silurian, together with the deposit, is by the Lichtentaun Main Fault

thrown against tlic Cambrian.

it differs from this mineral in its high siderite content. In the neighbour-

hood of the outcrop it is altered to hmonite.

On the southern flank of the Silmian basin this deposit is not known,

thouo-h an oolitic ore-bed O-75-l'l m. thick and having the same character-

istics as that at Nucitz is found in the horizon dg between Vraz and Revnitz.

The average iron content of the Nu6itz raw ore is 35-5 per cent with

about 20 per cent insoluble residue and 20 per cent loss on ignition. The

roasted ore contains 44-3 per cent of iron.

The Bohemian iron production amounts to about 700,000 toiis, of

which 650,000 tons are contributed by the Prague Eisenindiistriegesell-

schaft and the Montangesellschaft at Nucitz. The developed ore-reserves

at Nucitz, from Jinocan to Chrustenitz, a distance of 8 km., are estimated

at 11,000,000 tons.
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SCHMIEDEFELD IN THE ThURINGIAN FoREST
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In the Lower Silurian at Schmiedefeld in Saxe - Meiningen two

conformable ironstone horizons occur, the extent of which over many
square miles has been delineated by the Prussian Geological Survey. A
quartzite zone with intercalated grey-green micaceous clay-slate is regarded

as uppermost Cambrian ; above this, in the Lower Silurian, the clay-slate

rapidly increases, forming dark, soft, blue-black beds, often developed as

Griffelschiefer. In these beds the ironstone horizons are situated, the lower

occurring between the Griffelschiefer and the Cambrian quartzites, while

the upper and economically more important occurs in the hanging-wall of

the Griffelschiefer, from which it is often separated by a blue-grey or blue-

green quartzite. Above this again, follows an alternation of quartzite with

clay-slate, which in the direction of the Tannenwald merges into the Lower

Silurian main quartzite.

At Schmiedefeld in the eastern Thuringian Forest, three ore-beds are

known in the Lower Silurian ironstone horizon. The lowest of these, which

is now exhausted, consists of an alternation of hsematite, quartzite, and

Griffelschiefer, making a total thickness of 3 metres. The middle bed, the

position of which is indicated in Fig. 424, displays oolitic structure and has

a thickness of 2 metres. The main bed, occurring in the hanging-wall as

indicated also in Fig. 424, is 15-20 m. thick, strikes north-east, dips about

G0° south-east, and is known for 1 km. along the strike. It carries both

thuringite and chamosite. The former contains some 30 per cent of iron

with 10 per cent of water, is olive-green to dark green in colour, and

scaly, compact, or oolitic in structure. The chamosite, which occurs in

larger quantities than the thuringite, is dark silver-grey to black in colour,

and in its oolitic structure greatly resembles minette. It is considerably

harder than the thuringite. Upon weathering chamosite alters less readily

to limonite than does thuringite.

VOL. II 2 m
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Chemical analysis of the primary ore shows a considerable amount of

ferrous carbonate, while chloritic silicates recede. This carbonate content

is not in agreement with the composition of chamosite as given in text-

books on mineralogy. The chamosite at Schmiedefeld accordingly is rather

a siderite ^\dth which a small amount of silicate of alumina is associated
;

according to Loretz it contains 22 per cent of COg. Roasted chamosite,

after a loss of about 20 per cent in weight, contains 43-46 per cent of Fe,

20-31 per cent of insoluble residue, and 0-7-1-2 per cent of phosphorus.

The occurrence of TiOg in chamosite, reaching in the unroasted ore 1-63

per cent, is interesting.

abed

Fig. 424.—Diagrammatic section of the Sclimieilefelil chamosite bed. Eiuecke aucl Kohler.

Sla= Grifrelscliiefer ; n = leader bed ; b = micaceous quartzitic schist ; c= main bed ; rf = qaartzite
alternating with clay-slate ; 51/3= overlying dark slate.

Concerning genesis, these are true sediments \vith distinct stratification.

The Schmiedefeld mines belong to the Maximilian works at Unterwellen-

born, where the ore is smelted with the Kamsdorf calcareous ores.

Iron ore-beds are widely distributed in the Silurian of eastern Thurin-

gia, though but very few are workable. Although the present production

is small, a reserve of about 100,000,000 tons exists.

THE DETRITAL IRON BEDS

These may be of very varied formation. They are formed firstly as

eluvial gravels. ^ When for instance a ferruginous rock becomes decom-

posed by surface agencies, the ore contained settles down in situ, where it

gradually becomes concentrated by the removal of barren material. Only

the resistant iron ores such as magnetite and specularite are liable to

concentration in this manner. These occur principally as magmatic

segregations in eruptive rocks, and as contact-deposits and sediments in

crystalline rocks. To such detrital deposits belong, among others, the

scattered blocks of Uifak iron on Disko island ;
^ the large blocks of

1 Ante, p. 16. * Ante, p. 341.
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magnetite occurring at places in Angola, Portuguese West Africa ; the

magnetite found with the iron deposits in the Urals, and which first

gave rise to iron mining in that district ; and finally, the so-called Canga

of Minas Geraes •• in Brazil.

In fluviatile deposits fragments of older iron deposits may also experi-

ence enrichment by natural concentration, though no occurrence is known
where this has resulted in a workable deposit.

Marine gravels are formed principally by encroachment of the sea.

They are accordingly found as the basal conglomerates of coastal formations,

and frequently contain fragments of even the less resistant iron ores, such

for instance as limonite. In these gravels concentration in many cases

reaches such a degree that useful deposits are formed. Basal ferruginous

conglomerates frequently extend over wide areas but have the disadvantage

of a very irregular aggregation, the action of the surf being to fill the

depressions in the bed-rock \vith conglomerate, leaving large stretches of

the more level portions without any such covering. Since the fragments

broken off by sea action, as well as those carried by the rivers to the sea,

may have the most varied composition, the iron content of such deposits

is often very variable. Moreover, if such deposits are of great geological

age they may contain the most varied cementing material, calcium

carbonate or calcium phosphate being often found. Extensive ferruginous

basal conglomerates occur at the base of the Cenomian in the Miinster

basin, and at the base of the Senonian in the neighbourhood of Peine.

Admittedly, prospecting operations have proved the former too poor in

iron to allow exploitation ; the latter on the other hand are worked at

considerable profit.

The association of such ironstone beds with phosphate nodules and

concretions is noteworthy. The phosphate nodule beds are likewise found

preferably in basal conglomerates, where, though the principal material

may be iron ore, the calcimn phosphate occurs not only in the

matrix but also as nodules. Such detrital deposits yield therefore an

ideal material for the Thomas process. The formation of recent ferruginous

detrital deposits, and especially of iron sand, is more fully described in a

subsequent chapter.^

The shape of these deposits is in general that of a bed. While the

eluvial gravels in accordance ^\'ith their origin depend for their shape upon

the contours of the bed-rock, the recent marine magnetite sands form

gently-inclined even beds. The important older shore deposits, on the

other hand, containing the limonite fragments of earlier formations, are

associated with anticlines, synclines, faults, etc., their extension in depth

depending upon the inclination given them in process of folding.

1 Ante, p. 620. * Postea, pp. 1052-1054,
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The structure of these deposits when cemented is generally that of a

breccia or that of a conglomerate. Primary depth-zones are discernible

in so far that in a vertical section the deepest portion, owing to the high

gravity of the iron ore, is frequently the more ferruginous, while the upper

layers as a rule contain more barren material. Since these deposits

always consist of oxidized or hydrated ores, where they come to the

surface secondary alteration is rare, though magnetite may be altered to

limonite or haematite, and limonite to hsematite, and vice versa.

The economic importance of these deposits is on the whole not great.

In Germanyat the present dayonlythe occurrences at Biilten and Adenstedt

near Peine play any great part.

Peine
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The ironstone horizon from which the supply of ore for the Ilsede

smelting works at Peine is drawn, though of considerable extent along

the northern foreground to the Harz, appears, so far, to be well developed

onlv at Gross-Biilten and Adenstedt near Peine, and at Lengede about 9

km. to the east of Peine. The position of these places is indicated in Fig. 20.

The ore-bed belongs to the extensive Emscherian or lowest Senonian con-

glomerate horizon, which lies unconformably upon early Cretaceous. The

petrographical character of the horizon on the whole varies considerably.

The limonite conglomerate has a calcareous or marly, seldom argillaceous,

cementing material, in which much phosphorite occurs. In other districts

conglomeratic marls or sandstones with a little limonite- or phosphate

conglomerate, hardly to be regarded as payable, predominate. Such

however have often been worked for phosphorite. Conglomerates quite

free from limonite or phosphorite are rare in the so-called Ilsede horizon.
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This horizon in the Halberstadt syndine and at Zilly, as well as at Goslar

and Oker in the Harz, is developed in sandy facies, as distinguished from

the more marly and calcareous development in the neighbourhood of Peine

and Ilsede.

With regard to tectonics, it is noticeable that the Peine conglomerates

have been subject to the great Tertiary or late Cretaceous folding, this

having produced south-east striking anticHnes and s}Ticlines. By erosion

the Cretaceous beds on the anticlines have been removed, permitting

Jurassic and Triassic to appear at surface ; the ironstone conglomerate

is accordingly confined to the synchnes.

Coiicerning genesis, the source of the ore-fragments is interesting.

Since Gault fossils, Ammonites Milletianus, etc., have been found in large

amount in the iron ore, the assumption is justified that the primary ore

occurred in the Gault. Occurrences such as clay-ironstone beds ^ separated

from one another by soft clay, were certainly such as would in their destruc-

tion give rise to the productive Ilsede ferruginous conglomerates. That in

process of destruction the original carbonates became oxidized to limonite

Fig. 425.—Ideal section through the iron ore-bed of the Biilten nune and that at Lengede.

/) = Upper Biiiiter ; fy = Miischelkalk ; /=Kenper ; e= Jurassic ; i(.' = Xecoiiiian ; i;= Gault; rf = Planer;
h= ironstone bed ; a = Senonian.

is easily conceivable. The matrix consists of calcium carbonate which,

having originally been contained abundantly in the foot-wall Planer beds,

was subsequently taken up by the sea, to be precipitated again between the

ironstone fragments. In consequence of the encroachment of the Senonian

sea, the ironstone lies sometimes on Gault, as at Biilten, and sometimes

on Planer, as at Lengede.

The principal bed at Ilsede occupies an extensive closed syncline,

around the entire outline of which it comes to surface. This syncline

dips steepest in the south-west, and is disturbed by many faults. Twelve

kilometres south-east of the steeper flank lies the occurrence of Bodenstedt-

Lengede which, as illustrated in Fig. 425, is separated from the above-

mentioned syncline by an air-anticline. At Lengede also, the detrital

ore-bed belongs to the lowest Senonian.

The Biilten-Adenstedt syncline has been explored by a large number
of bore -holes, in all of which Senonian formed the hanging -wall of

the ore-bed, and Gault the foot-wall. The syncHne is 11 km. long. In

the east the beds dip 15°-18°, and in the west 3°-4°. The thickness varies,

1 Ante, p. 1039.
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being generally greatest in the east, where it reaches 20 metres. In the

middle of the syncline the thickness is not known, while in the west the

outcrop shows it to be small. The greatest depth hitherto reached by

boring is 205 m. ; at that particular place the ore was 7 m. thick. The

second occurrence has been proved at Bodenstedt-Lengede for 1600 m.

along the strike, the thickness being 5-6 metres. This deposit dips south-

east and is separated from the Planer limestone in the foot-wall by a thin

layer of calcareous clay. The hanging-wall, so far as it was not removed

during the Diluvial period, consists of beds with quadrangular jointing.

The average iron content of the bed is 28-35 per cent, this being

contained in greater part in the nodules and to a less extent in the matrix.

According to their colour and the nature of the matrix, grey, white, and

yellow limestone- and clay ores are distinguished. The phosphorite

nodules contain as much as 12 per cent of phosphorus, this, before the

introduction of the Thomas process, having prevented the use of the ore

for industrial purposes. The manganese content occurs in the form of

rhodochrosite, polianite, and pyrolusite. From place to place the composi-

tion of the ore varies considerably. Although that in the Biilten syncline

on the whole resembles that at Lengede, the latter, as the following table

shows, contains somewhat more silica and alumina.



THE DETRITAL IRON BEDS 1049

able distance runs parallel to the Harz. Along it at Scharenberg, from the

foot-wall to the hanging-wall the following section obtains : 0-40 m. phos-

phorite and limonite conglomerate ;
8-0 m. conglomeratic sandstone with

0-2 m. phosphorite and limonite ;
3-0 m. conglomeratic marl with several

limonite and phosphorite layers ;
1-5 m. conglomeratic marl almost

without hmonite and phosphorite ;
8-0 m. conglomeratic sandstone with

little limonite and phosphorite ; and finally, 5-8 m. solid and in part

conglomeratic sandstone. At this place also, the ore, as indicated by

numerous fragments of Gault fossils, was derived from the Gault. North-

east and east of Zilly the horizon was worked for phosphorite. Similar

deposits are known south of Halberstadt and Quedlinburg on the Hercynian

Upper Cretaceous plateau.

The economic importance of the ironstone deposits of the Ilsede

horizon, and particularly those at Peine, is considerable. In spite of the low

iron content other factors are so favourable that the Ilsede smelting works

makes a handsome profit. The ore contains so much lime in itself that

additional lime flux is not necessary. Although self-fluxing ore mth lime

and silica in right proportion are present only in small amount, the neces-

sary silica flux is obtained from neighbouring mines working the Salzgitter

horizon where the ore is rich in silica. The combination of these two occur-

rences therefore produces a self-fluxing mixture. The high phosphorus

content is responsible for an additional profit in the sale of Thomas slag.

The manganese content is likewise a favourable factor, as is also the

chemically combined water, this latter rendering the ore porous and easy

of reduction. About 800,000 tons of ore are produced annually by a

stafi of 970 employees. The ore-reserves of Biilten-Adenstedt, Lengede,

etc., are estimated by Einecke and Kohler at 218,000,000 tons.

Salzgitter
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Wissensch. Gottingcn, 1901.—H. Schroder. Ex])lanatory text to section ' Harzburg,'
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This ore-bed, belonging to the Neocomian, extends north of Goslar in

a north-westerly direction to constitute what is described as the Salzgitter

ironstone belt. The Salzgitter Range may be followed for more than

20 kilometres. It consists of three low mountain chains separated from

each other by two valleys. Upon these hills occur a large number of

opencuts and bore-holes, the evidences of previous prospecting operations.

The geological section, illustrated in Fig. 426, is not everywhere the same.

In general the beds form an anticline which, having resulted by horizontal

pressure from the north-east, is in part overturned. The tectonics have

been further complicated by the occurrence of overthrusts and faults, while

the bedding has been obscured by far-reaching erosion.

The core of the range consists of Triassic and Lias ; upon the latter

Domten

Fsstberg Qoerberg Schnecbcrg

K/.Dcihren

Fig. 426. —Diagrammatic section through the Salzgitter Range, sliowing the geological

position of tlie ironstone beds. Schroder.

s=Bunter; M = Mii.scliflkalk ; A = Keviper; / = Lias; cw = Lower Cretaceous ; e = iroiistone
;

CO = Upper Cretaceous ; i'= fault.

comes Lower Cretaceous containing the ironstone ; this in turn is overlaid

by Upper Cretaceous. While Muschelkalk forms the central chain, soft

beds of Keuper, Lias, and Lower Cretaceous form two longitudinal

valleys, one on either hand, leaving the hard limestone of the Upper

Cretaceous to form the two outside chains.

The ore horizon does not lie conformably to the older beds as would

appear from Fig. 426, but transgressively, filling the depressions in their

uneven surface, great variations in thickness thereby resulting. Occasion-

ally the bed consists of a series of elongated and thick lenses. Owing

to the considerable variations in thickness, figures obtained at the outcrop

and in the neighbourhood of the surface are not necessarily applicable in

depth. While the west flank of the Salzgitter Range dips 40°-60° and at

Othfresen contains an overthrust, the east flank appears to be flatter.

The bedding conditions of the ore-bed have been determined by numerous

exposures, which have shown that in many cases a 1-2 m. clay layer, or

Diluvium of considerable thickness covers the older beds. The thickness

of the ore at Altenhagen north of Gustedt, in the extreme west, is 12 m.,
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a figure which a httle farther south increases to 60 m., only to decrease

again to 5 m., and then finally east of Steinlah to reach a thickness of

12 metres. This thickness does not consist entirely of clean ore, but

includes a proportion of ferruginous and arenaceous clay. Nevertheless,

north-west and west of Salzgitter, as illustrated in Fig. 427, ore-bodies

of considerable thickness occur.

The ore is a conglomerate, the nodules of which exhibit the most

varied size and shape. While in some layers they are scarcely discernible

to the naked eye, in the Georg-Friedrich mine at Eisenkuhlenberg they

reach the size of a man's head. The occurrence of this deposit as a basal

conglomerate explains the approximately uniform size of the nodules of

individual layers. These nodules are mostly incompletely rounded. The

matrix is always very ferruginous and mixed with clay and limestone or

marl. Now and then oolitic structure is exhibited, a feature which

distinguishes the ore of Salzgitter from that of Ilsede. Phosphorite

nodules are found in both. Such occur in almost all parts of the bed.

P77Z1 ITTT^ ^^S^i^ ^^ fTTTTTTTTI ^?W?1 SSH
Late Cretaceous. Gaiilt. Iron deposit. Jurassic. Keuper. Muschelkalk. Mid. and Lower

Bunter.

Fig. 427.—Ideal section througli the Salzgitter iron ore-bed and its country-rock.

though in but few places, as for instance in the Fortuna mine east of Gross

Dohren and in the Segen Gottes mine near Salzgitter. do they occur in

striking amount. At times phosphorite has been mined from this deposit

for the manufacture of superphosphate. It is not unusual to find this

ironstone horizon divided up by ferruginous clay layers, though intercalated

layers of ferruginous limestone are exceptional.

In relation to genesis, the Salzgitter ore-bed is a shore formation by

a Neocomian sea. The ironstone presumably was derived entirely, or in

greater part from Jurassic beds ; in any case Jurassic beds with their large

iron content were the main source of the material. The occurrence of

oolite at Salzgitter is particularly interesting. While at Ilsede only the

fragments of older geodes were concentrated and cemented, at Salzgitter

the marine concentration was more intense ; in addition to mechanical

degradation a complete dissolution of the ironstone geodes to an ironstone

slime from which oolites became formed, must in places be assumed.

The chemical composition of the ore is best indicated by that won at

the Georg-Friedrich mine, which is delivered to the Ilsede works as siliceous

flux for the calcareous Peine ore. The iron content varies between 35-2
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and 39-5 per cent, though this is lowered by the inclusion of poorer

material mined for flux. From exposures west of Salzgitter analyses gave :

35-40-8 per cent of iron ^\ith 17-2-32-5 per cent SiO,, 6-8-8-8 per cent

AI2O3, 4-0-9-0 per cent CaCOg, and 0-3-0-5 per cent of phosphorus. The

high percentage of insoluble residue is a great disadvantage. Use of these

ores depends therefore a good deal upon the possibilities of dressing, in

which direction considerable difficulties have still to be overcome.

Similar limonite conglomerates are found also in the outlying districts

of Sakgitter ; to the west at Alt-Wallmoden and Brodenstein, to the

south at Harzburg, to the north at Flachstockheim, and to the east at

Oster\^iek. .Still more distant are the occurrences at Schandelah, east

of Brunswick ; Gross-Vahlberg, Berklingen, and Oesel, east of Wolfen-

biittel ; Achim and Rocklum, east of Borssum ; Delligsen, west of Alfeld
;

and Bornecke, south of Halberstadt.

Operations are at present proceeding only at the Georg-Friedrich mine

east of Dornten, where the Ilsede works with 130 employees produces

some 100,000 tons per year. It has already been stated that this ore is

used to form a smelting mixture with the calcareous ore of Ilsede. The

reserves are estimated at 60,000,000 tons.

RECENT DEPOSITS OF IRON OR TITANIFEROUS-IRON SAND

The eruptive rocks and the crystalline schists of the fundamental

rocks, as is well knoA^Ti, contain on an average about 4-5 per cent of

iron,^ and the basic eruptives by themselves some 6-8 per cent, or more.

This iron occurs sometimes in sihcate- and sometimes in oxide form, the

latter being more particularly represented by magnetite and ilmenite and

to a less extent by specularite ; in addition, a small amount occurs also in

sulphide form. Upon dismtegration—especially of basic and ferruginous

eruptive rocks such as gabbro, norite, labradorite, etc.—and subsequent

concentration by rivers and shore-water, large deposits of iron sand are

frequently formed which, owing to their titanimn content, are as a rule

known as titaniferous-iron sand. In this sand the iron grains are associated

chiefly with quartz and felspar, but also ^^^th garnet, augite, hypersthene,

hornblende, etc.

At different places, especially in countries far removed from large

industrial centres, it has occasionally been attempted on a small scale to

use these iron- or titaniferous-iron sands in blast-furnaces. Latterly also,

concentration of this material by magnetic separators has been tried.

One large bulk sample of such sand from the northern shore of the

Gulf of St. Lawrence, near the mouth of the Moisie river,^ gave, by

1 jhite, pp. 149, 152. - J. H. L. Vogt, Tehiisk Ugeblad, 1908.
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magnetic separation without previous crusliing, a concentrate containing

66-3 per cent Fe and 3-9 per cent TiO,, from material containing 29-4

per cent Fe and 7-9 per cent TiOg. By crushing this first concentrate

and submitting the crushed material to a second magnetic separation,

a final concentrate containing 69-6 per cent Fe and 2 per cent TiOg

was obtained. Similar results have also been obtained from several

titaniferous-iron sands in Norway.-^

From these results it follows that the titaniferous-iron sands derived

from gabbro and similar rocks consist partly of separate grains of magnetite

and ilmenite, and partly of a mixture of these two. Since every sand

contains some iron, the term iron sand is only applied when the iron content

amounts to at least some 15 per cent. Higher percentages, such as 30-40

per cent, occur only exceptionally, though occasionally within the beds

narrow strips containing 50-60 per cent are found. The thickness of

beds moderately rich in iron is only in rare cases more than one or two

feet.

Some native gold has occasionally been found in iron sands, in fact

there are all gradations between the ordinary gold gravels, which always

carry some iron, and auriferous iron sands.

Iron sands are only exceptionally found in rivers, but are more frequent

on sandy coasts, where the waves efiect a natural concentration. The

following occurrences are worthy of mention : auriferous iron sands on the

coast of Tierra del Fuego in the extreme south of South America, which in

the 'eighties were worked for gold ;
^ titaniferous-iron sand containing,

according to one analysis, 60 per cent of iron and 8-14 per cent TiOa, in

a coastal zone, roughly 100 km. long, in the south-west corner of North

Island, New Zealand ;
^ extensive beds of titaniferous-iron sand near the

mouth of the Moisie river, and at other places on the north shore of the

Gulf of St. Lawrence, where the country-rock consists of norite and labra-

dorite ;
* and titaniferous-iron sands on the coast of Sugaya, Department

Shimane in Japan, which were formerly smelted.^

In volcanic districts also, similar deposits are occasionally met, as for

instance on the coast of Naples, on Reunion, and on Celebes.^ Finally,

1 J. H. L. Vogt, ' Norges Jernmalmforckomster,' Xonv. GeoL Survey, 1910, No. 51,

pp. 3.3-34.

2 Ant. Sjogren and C. Jul. Carlsson, ' On Recent Beds of Iron Ore, etc., in Tierra del

Fuego (in Swedish),' Geol. Foren. Fork., 1892, XIV.
3 E. Metcalf Smith, ' On the Treatment of New Zealand Magnetic Iron Sands," Jouni.

of the British Iron and Steel hist., 1896, Vol. I. p. 65.

* J. F. Kemp, ' A Brief Review of the Titaniferous Magnetite," School of ili/wes Quarterly,

July 1899, pp. 331-333.
5 ' Les Mines du Japon," Official Report for the World Exhibition in Paris, 1900,

pp. 327-332.

6 V. Draschc, Jahrb. d. k. I: geol. Eeichsanst., 1876, XXVI. p. 42 ; F. Rinne, Zeit. d. d.

geol. Ges., 1900, LII. p. 343.
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W. Deecke described ferruginous sands formed from glacial detritus., on

the Baltic coast and on the shores of lakes in the north -German
lowlands.^

THE IRON ORE-BEDS CONSISTING PRINCIPALLY OF SPECU-

LARITE AND MAGNETITE IN THE FUNDAMENTAL ROCKS
AND IN EARLY P.YL.EOZOIC CRYSTALLINE SCHISTS

The determination of the genesis of the iron deposits occurring con-

formably in the crystalline schists is particularly difficult. Chiefly because

of this conformity, but also because of frequent banded structure,

these occurrences were formerly regarded by many, though not by all

authorities, as altered sediments. This view in its inclusiveness however

was wrong, since conformity and banded structure are not in themselves

sufficient evidence of sedimentation. Both characteristics, notoriously, are

often associated with many deposits of contact-metamorphic or meta-

somatic origin, as well as with foliated magmatic segregations.

The bed-like iron occurrences in the fundamental rocks at Arendal

are, according to the authors' view, contact-metamorphic deposits, with

which class also, though with restrictions, the Persberg-Dannemora deposits

of Middle vSweden are reckoned. Other occurrences, such as those at

Kiirunavaara, Gellivare, etc., are undoubtedly of eruptive character and

have been formed by magmatic differentiation. The banded or striped

titauiferous-iron ores in gabbro, hornblende-schist, etc., in the fundamental

rocks, are likewise the undoubted products of magmatic differentiation.

Finally, conformable iron deposits may also have been formed in the funda-

mental rocks by ordinary metasomatic processes, ^\'ithout association with

eruptive rocks.

Accordingly, a large number of deposits formerly often regarded as

sediments must now be omitted from that class. A considerable number
nevertheless remain, and among these, many particularly important de-

posits must be regarded as altered sediments.

The ferruginous mica-schist, itabirite, occurs fairly extensi^'ely in the

fundamental rocks and perhaps still more in the early Palaeozoic schists.

Deposits of this material have been explored principally in northern

Norway ^ and in Minas Geraes, Brazil, but they are also known in many
other places, of which the following are worthy of mention : Soonwald

between Gebroth and Winterburg ; Borsa in the Marmaros, Bukovina
;

Villefranche in the Department Aveyron, France ; South Carolina ; and

^ ' Ubcr den Magneteisensand der Insel Ruden,' Mitteil. d. Naturw. Verf. f.
Xeuvorji

und Bilgeti, 1888, XX. 4, VII.
2 Postea, p. 1056.
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Okandeland, West Africa. The itabirite on the African Gold Coast,

similariy to that in Brazil, is auriferous. ^ Kriwoj Rog in Russia is to

some extent comparable with these occurrences. The primary ore in the

Lake Superior district, where siderite- and greenalite silica-schists pre-

dominate, is of somewhat different character.'^

With all these ore-beds the iron ore is accompanied chiefly by quartz,

which in the poorer varieties occurs in large amount. In several districts,

but not in northern Norway, the ferruginous mica-schist with an increase

of quartz merges into ferruginous quartz-schist. Analyses of all these

ores show that, even with high silica, as a rule only fairly small amounts

of AI2O3, CaO, and MgO are present, while the alkalies are practically

absent. In addition to quartz, the associated minerals are chiefly

hornblende and chlorite or talc, epidote and garnet, occasionally also

augite, while felspar occurs either not at all or only exceptionally. Titanic

acid is completely absent or occurs only in traces. Phosphoric acid is

sometimes very low, as at Kriwoj Rog, Minas Geraes, etc., and some-

times somewhat higher, as at Dunderland. Pyrite is observed only sub-

ordinately. The manganese content is as a rule very low ; occasionally

however some layers or seams of the deposit carry somewhat more

manganese, as for instance in northern Norway ; while here and there,

as at Minas Geraes, distinct manganese ore-beds occur in close connection

with the iron deposits.

The ore-beds here to be described, including the typical representatives

at Dunderland, Minas Geraes, Kriwoj Rog, and the primary ores of Lake

Superior, occur within formations of undoubted clastic sediments. In

many districts chiefly quartz-schists—altered sandstones—but also mica-

schists, phyllites, etc., predominate ; while at other places, as in northern

Norway and in Minas Geraes, the ore-beds occur in the immediate vicinity

of limestone.

These deposits, as is more fully set forth when describing the occur-

rences of northern Norway, are in general to be regarded as chemical

sediments. Occasionally, as with the siderite- and greenalite sihca-schists

of the Lake occurrences, the iron was precipitated primarily as ferrous

carbonate, FeCOg, or ferrous silicate, FeSiOg ; in most places, on the other

hand, an original precipitation as oxide or hydrate, similar to that which

takes place with ordinary lake ores, may be assumed, while their present

character was that impressed during subsequent regional-metamorphism.

In the case of the Lake occurrences and perhaps also of Kriwoj Rog,

a subsequent metalUferous accretion played an important part. No such

accretion appears however to have taken place with other deposits, such

for instance as those of northern Norway.

1 Postea, p. 1060. 2 Postea, p. 1062.



1056 OEE-DEPOSITS

Some ore-beds, as for instance those of Marquette and Vermilion in

the Lake district, occur in the more ancient fundamental rocks ;
the

majority however are probably connected with the Algonkian, Cambrian,

or other early Palaeozoic crystalline schists.

The Occuekexces of Ferruginous Mica-Schist and Magnetite-

Quartz Schist at Dunderland, Salangen, etc., in Northern Norway

LITERATURE

J. H. L. VoGT. Salten und Ranen, 1891 ; The Iron Ore Field of Dunderland, 1894 ;

Norwegian Marble, 1897 ; The Iron Ore Occurrences of Norwaj% 1910 ; all in publications,

Nos. 3, 15, 22, and 51 of the Norwegian Geological Department, with German resume ;

Die Erzvorkonimen und der Bergbau des nordlichen Norwegens, Christiania, 1902 ;
' Die

regional-metamorphosierten Eisenerzlager im nordlichen Norwegen,' Zeit. f. prakt. Geol.,

1903, pp. 24-28, 59-65. See also The Iron Ore Resources of the World, Stockholm, 1910.

The northern Norwegian strongly regional-metamorphosed Palaeozoic

area already briefly described ^ is, according to Vogt, divided into the

following three main divisions : on top, the Sulitjelma schists ; in the

middle, a young gneiss ; and at the bottom, a thickness of mica-schist

and marble, with ore-beds in its middle and upper portions. This last

is not Archaean but JDrobably Cambrian.

The bottom division is characterized more particularly by mica-

schists — especially brown garnetiferous schists and occasionally

staurolite- and disthene-schists—and by thick carbonate beds consisting

partly of calcareous and partly of dolomitic marble. Conglomerates,

quartzites, phyllites, etc., occur subordinate! y. At numerous places

between Vefsen, 65|° north latitude, and Tromso, 69|° north latitude,

this division carries intercalations of specularite- and magnetite-quartz

schists, some of which are very thick. The greatest distance in a straight

line between any two such occurrences is 520 kilometres. The best known

are those in the Dunderland valley, the position of which is indicated in

Fig. 188, though the occurrences at Naverhaugen in Salten, at Bogen,

and manv others in Ofoten, Salangen, Sorreisen, Tromsosundet, etc., are

also worthy of mention.

The ore-beds occur in the schists, though in the immediate neighbour-

hood of limestone beds often several hundred metres in thickness. As

illustrated in Figs. 428 and 429, between the ore and the limestone, or ex-

ceptionally the dolomite, comes mica-schist generally 1-20 m. thick. The

deposits, as at places in the Dunderland valley, occasionally reach a length

of one or more kilometres and a thickness of 50 m. or more ; mostly

however the thickness is smaller, being 30, 20, 10, 5 m., and even less.

1 Ante, p. 304.
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Often an alternation of ore and non-metalliferous mica-schist occurs,

and within a schist formation a hundred or more metres in thickness, more

than one-half of the section may consist of ore. Along the strike also, the

ore-beds may often be followed for several kilometres before, finally, they

disappear. The beds are frequently contorted and crumpled. In several

districts they are traversed by granitic dykes.

NW

Fig. 428.—Section of the occurrence of iron ore at Dunderland, showing the alternation

of ferruginous mica-schist with mica-schist and limestone. Vogt.

The ore-beds consist of ore—partly specularite and partly magnetite

—

and quartz, in fine layers or closely intergrown, some hornblende and

epidote, while occasionalh' garnet, pyroxene, etc., occur subordinately.

Within each ore-bed a number of smaller beds containing from 20 to 50

per cent of iron, and alternating with each other, are frequently met. On
an average these ore -beds contain 30-36 per cent of iron, and only

exceptionally 40 per cent or more. The association with quartz is so

Specularite- Magnetite-Quartz
Quartz Schist.

Schist.

Limestone.

Fig. 429.—Section of the occurrence of iron ore at Urtvand in the Duuderland valley. Vogt.

intimate that the iron content cannot be increased by sorting. The beds are

often developed as typical ferruginous mica-schists without, or with but little

magnetite ; in places, however, pure magnetite without specularite is met.

The usual composition of the ore won is 40-52 per cent of FcgOg

and Fe304, 36-45 per cent SiOa, 0-5-1-5 per cent AI2O3, 1-5-5 per

cent CaO, and 0-5-1 per cent of MgO. The phosphorus content is

on an averag^e 0-20-0-25 per cent, this occurring as apatite, principally

in the quartz bands but also in the metalUferous layers. Titanic acid

is absent ; sulphur is very low in amount, being mostly only 0-01-0-025
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per cent. Manganese is low, being usually only 0-2-0'5 per cent, but

higher when beds poor in manganese alternate with others which are

manganiferous .

^

These ferruginous mica - schists and magnetite - quartz schists must

be regarded as members of the schist complex in which they occur. From
their conformity, their association with the same geological horizon over

extensive areas, their independence of eruptive rocks, the alternation with

non-metalliferous schists, the bedded structure of different layers, and

from chemical analogy with recent ferruginous sediments, it must be

considered that these occurrences are of sedimentary origin.

In the Dunderland valley the sectional area of the deposits,

perpendicular to the dip, according to Vogt, amounts to about 1,000,000

sq. m., while the other occurrences make together an equivalent area, or

altogether a total of about 2,000,000 square metres. Were all these

deposits put together they would form one bed 100 km. long and 20 m.

wide. From these occurrences it is estimated that about 250,000,000 tons

can be exploited by opencut, though such ore would only contain on an

average at most 30-36 per cent of iron. In order to make use of the

quartzose and low-grade ore, magnetic separators have been erected in

three places, namely, at Dunderland, Bogen, and Salangen. At the two

last-named places, where the ore is chiefly magnetite, in 1912 about 50,000

tons of iron concentrate and briquets containing about 65 per cent of

iron and about 0-03 per cent of phosphorus, were produced. In the

Dunderland valley, where the ore consists chiefly of specularite and only

subordinately of magnetite, great technical difficulties in making such a

separation have still to be overcome.

Kriwoj Rog in South Russia

LITERATURE

K. BoGDANOW^TSCH. The Iron Ore Deposits of the World, Stockholm, 1910, Vol. I.

pp. 501-511.—P. PiATNiTZKY. Trav. de la Soc. des Natural, a I'Univ. de Kharkow.

—

T. Trasenter. Revue universelle des mines, etc., 1896, p. 34; reviewed by P. Krusch,
Zeit. f. prakt. Geol., 1897, pp. 182-186.—Tsch. Monkowsky. Zeit. f. prakt. Geol., 1897,

pp. 374-378.—A. Macco. Ibid., 1898, pp. 139-149.

Kriwoj Rog is situated at the boundary of the two governments

Ekaterinoslav and Cherson, south-west of the town Ekaterinoslav, in the

Inguletz valley which at Cherson debouches into the Dnieper.

By the Kriwoj Rog basin is understood an approximately north-

south zone of metamorphic rocks about 60 km. long and at its maximum
only 6-7 m. mde, in Archaean granite or granite-gneiss. These rocks are

^ Aiile, p. 1055.
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distinctly stratified ; they are correlated by different authorities with

the Hiironian, Algonkian, or Cambrian, and represent three petro-

graphical groups characterized respectively by quartzites, clayey-schistose

rocks, and iron-quartzites. The tectonics of the entire zone are very

complex and have not yet been completely determined. Some investi-

gators assume three synclines overturned towards the east and pressed

together, while others assume one isoclinal fold with many secondary

folds and other disturbances. The beds dip mostly 35°-55° towards the

west. In the metalliferous complex, with its iron-quartzite schists and

ore-beds, the quartzites by increment of kaolin, talc, and chlorite, merge

not infrequently into talc- and chlorite-schists, and in places even to actino-

lite- and griinerite-schists. In the hanging-wall of the metalliferous beds

a series of principally clayey -schistose character occasionally occurs, at

times associated with carbonaceous schists.

The ferruginous quartzites form beds often of great thickness and

many kilometres long. These include the lenticular ore - bodies which

generally contain but little quartz and often assume considerable dimen-

sions, workable thicknesses of 25-50 m. or more being not uncommon.
In depth these ferruginous lenses diminish in thickness and often rapidly

pinch out. Only those portions containing at least some 50 per cent

of iron are regarded as ore. The poorer parts containing 45, 40, 35 per

cent or still less, are locally known as quartzite.

The ore consists chiefly of haematite or specularite, most of which

is pseudomorphic after magnetite and is therefore martite. Macco in his

treatise states that some 8 per cent of the iron content is still present as

magnetite. As gangue, the iron-quartzites as well as the richer lenses

carry practically only quartz. As the iron increases, the silica diminishes.

Ore containing 62-5 per cent of iron carries roughly 7*5 per cent of SiOg,

while ore containing 69 per cent of iron contains only 0-7-0'9 per cent of

SiOa, together mth very little AlgOg, Cao, and MgO. The manganese
content is very low, that of sulphur is practically nil, while that of

phosphorus is mostly only 0-013-0-020 per cent.

Kontkiewicz, Monkowski, and other authorities regarded these ores

as metamorphosed sediments which consisted originally of iron-ochre with

more or less sand, etc. On the other hand, the association of the ore-beds

wdth hornblende rocks and griinerite has long been recognized. Piendel ^

considered the iron oxides to have arisen at the chloritization and epidotiza-

tion of the ferruginous hornblende. Griinerite appears to accompany the

beds in all parts of the basin. As is known, the formation of this mineral

must be attributed to raetamorpliism of carbonates in depth ; the decom-
position of the griinerite again to iron oxide and silica is a process associated

1 Mem. de la Soc. des Natural, de la Nouvelle-Russie, 8, 1, 1882.

VOL. II 2 N
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with surface phenomena. In the deposits at Kriwoj Rog, patches contain-

ing bands of highly contorted quartzite and haematite completely analogous

to the Jaspelite stage of the Marquette district, are often observed. It

is very probable therefore that the formation of these deposits is just as

complicated a sequence of primary sedimentary formation and subsequent

alteration as may be demonstrated wdth the Lake Superior deposits.^

The ore at Kriwo] Rog was already known to the ancient Greeks,

and it is probable that the famous Scythian iron came from this district.

Mining on a large scale however began only in 1881, after which it developed

rapidly. In 1900 the production amounted to 2,800,000 tons, and in

1906, including that of other deposits in South Russia, to 3,650,000 tons.

These deposits, which mth their high iron- and low phosphorus content

are worked principally in opencut, have in conjunction with the coal of the

Donetz basin given rise to the important iron industry of South Russia.

A small quantity of ore is exported to Russian Poland and Upper Silesia.

The total ore-reserves were very carefully estimated by Bogdanowitsch in

1910 at 86,000,000 tons with 62 per cent of iron, that is, an iron content

of 53,200,000 tons.

The Ferruginous Mica-Schists or Itabirite of Brazil

LITERATURE

W. V. EscHWEGE. Geognostisches C.emalde von Brasilien, 1822, nebst anderen Arbeiten

iiber Brasilien vom Anfange des 19. Jahrhunderts.—H. K. Scott. The Iron Ores of Brazil

;

Iron and Steel Inst., 1902.—E. Hussak. Zentralbl. f. Min. Geol., 1905, and Zeit. f. prakt.

(4eol., 1906, pp. 237-239.—O. A. Derby. The Iron Ore Resources of the World, Stockholm,

1910. 11.

The most important, or at all events the best known of the itabirite

districts in Brazil is situated in the central portion of Minas Geraes, north

of Rio Janeiro. A railway, 493 km. long, connects the capital with this

district. The occurrences, striking north and north-east, lie scattered over

an area, illustrated in Fig. 320, some 150 km. long and approximately 100

km. wide.

The ore-beds belong to the very thick, highly contorted and regional-

metamorphosed, probably Cambrian, itacolumite- itabirite formation, con-

sisting principally of quartzites and crystalline sandstone—itacolumite

—^\ith altered clay- slates and limestones. This formation lies upon

Archaean gneiss, mica-schist, etc., with, granite. The ore- beds occur

conformably to the quartzites and slates in which they lie, and gener-

ally, as in Norway, in the immediate neighbourhood of limestone.

Eschwege in 1822 applied the name itabirite to the irregularly coarse,

' Bogdanowitsch, ante, p. 504.
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clean ore from the summit of Itabiro do Campo. This name subsequently

became used not for the ore more or less free from quartz, but for the

ordinary quartz-containing ferruginous mica-schists.

In Minas Geraes all possible gradations occur from quartzite containing

only a few flakes of specularite, through ferruginous mica-schists containing

specularite and quartz in fairly equal amount, to beds of almost pure

specularite. Beds containing up to 99-5 per cent of specularite often reach

yery considerable thickness. For the same reasons as those giyen when
discussing the similar occurrences in Norway,^ a sedimentary origin may
also be presumed for these Brazilian deposits.

Owng to lack of solidity in the ore and to the hot and rainy clmiate

—

annual rainfall 1500-2000 mm.—these Brazilian ore-beds haye suffered

great disintegration, wherefrom recent mechanically-formed deposits have

resulted. Derby accordingly differentiates :

1. Ore-beds in situ, the ore in places being thick, rich, and hard

enough to form prominences.

2. Loose rubble ore at the denuded outcrop.

3. Grayel-deposits in the yalleys below the ore-beds.

4. Canga, which occurs oyer extensiye areas and consists of ore-

detritus cemented by limonite to form an ironstone conglomerate.

As already mentioned,^ the itabirite is occasionally auriferous ; certain

auriferous jacutinga lines occur which, more particularly in former years,

were actively worked.

Derby in his map of the Minas Geraes district indicates no less than

fifty-two large deposits in situ. In the case of nine of the most important

he reckons an ore-reserve—only at the outcrop without taking into account

the assumed continuation in depth—of nearly 1000 million tons. The
other deposits probably contain about the same amount. At the outcrop

alone therefore, there are altogether some 2000 million tons of ore. This

estimate includes only rich material with 67-99-5 per cent of iron oxide,

equivalent to 47-69-5 per cent of iron, the remainder being quartz. The
ore contains very Uttle phosphorus or sulphur, and is free from titanium.

Ordinary itabirite is very poor in manganese, sometimes however in

association with the itabirite, distinct beds consisting partly of mangan-
iferous and iron ore partly of pure manganese ore, occur ; the two ores of

manganese and iron accordingly constitute geologically one complete

occurrence. Further reference to this subject is made when discussing

manganese ore-beds. The ore-reserves of the Canga are estimated by
Derby at some 1700 million tons with about 50 per cent of iron.

The iron deposits of Minas Geraes are, so far as is yet known, the

most extensive in the world. Similar ore-beds are also found in other

1 Ante, p. 1058. 2 ^^^g^ p gjg
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districts of Brazil, some of which, according to information received, are of

colossal dimension. In spite however of the large reserves it has hitherto

been impossible to work the deposits on a large scale owing to difficulties

of transport ; for the local smelting works but little ore is required. These

deposits therefore, A\hich in all probability \\all in future attain immense

economic importance, are as yet comparatively but little known.

The Lake Superior Iron Ore District in Michigan, Minnesota,

AND Wisconsin

LITERATURE

These occurrences have given rise to so many works that wc must content ourselves

here with a short summary. Formerly the most important work was : The Marquette Iron-

Bearing District of Michigan, with atlas by C. R. Van Hise and W. S. Bayley, together

with a chapter by H. L. Smyth, U.S. Geol. Surv. Monogr. XXVIII., 1897. Latterly

appeared, ('. R. Van Hise and C. K. Leith. The Geology of the Lake Superior Region,

U.S. Geol. Surv. Monogr. LII., 191 L—In both these works the many earlier studies, particu-

larly on Marcjuettc, the oldest mining field, are cited and discussed, among which the

following are worthy of mention : J. W. Forster and J. D. Whitney, 1850, 1851, and later

;

J. P. KiMDALL, 1805 ; H. Credner, 1869 ; A. Winchell, 1871 and later ; T. B. Brooks,
1873 and later; V. Rominger, 1873 and later ; J. S. Newberry, 1874; R. Pumpelly,
1875; T. Sterry Hint, 1878 and later; R. D. IR\^NG, 1879 and later; M. E. Wads-
worth, 1880 and later; N. V. Winchell 1888 and later; G. H. WiLLiAiis, 1888 and
later; C. R. Van Hise, 1891 and later ; N. H. Winchell, 1893 and later ; H. L. Smyth,

1894: ; and many others. Especially detailed monographs were produced by J. M.

Clements, Smyth, Bayley, and Van Hise, on Crystal Falls, 1899 ; by Bayley on

Menominee, 1904 ; bv C. K. Leith on Mesabi, 1903 ; and bv Clements on Vermilion,

1903 ; in U.S. Geol. Surv. Monogr. Nos. XXXVL, XLIL, XLIIL, and XLV.
More recent works are by Van Hise. U.S. Geol. Surv. 21 Ann. Rep., 1901, III. pp.

305-434, in his chief work, ' A Treatise on Metamorphism,' U.S. Geol. Surv. Monogr. XLVIL,
1904, especially pp. 824-853 and 1193-1198.—Van Hise and Leith. ' Pre -Cambrian

Geology of North America,' L".S. Geol. Surv. Bull. 360.

—

Leith. Trans. Am. Inst. Min.

Eng. XXXV., 1904 ; Econ. Geol. II., 1907 ; Can. Min. Inst. XL, 1908.—.J. F. Kemp. Ore-

Deposits, 1906.

—

H. Ries. Economic Geology of U.S., 1910.—J. Birkenbine. The
Mineral Resources of U.S.

—

Ch. L. HENN^NG. Die Erzlagerstatten der Vereinigten Staaten

von Nordamerika. Stuttgart, 1911, Ferd. Enke.

The Lake Superior iron deposits, which to-day are responsible for no

less than one-third of the iron ore production of the world, occur both on

the southern and on the northern shore of Lake Superior, as illustrated

in Fig. 396. Of the five most important districts or ranges, Mesabi

and Vermilion are situated in Minnesota ; Marquette, Menominee, and

Gogebic, in Michigan. In addition, there arc several smaller districts, such

as Penokee in the neighbourhood of Gogebic, and Baraboo, both in Wiscon-

sin ; Crystal Falls in Michigan ; Cuyuna in Minnesota ; and finally, Michi-

picoten in Ontario, Canada. The distance in a straight line between the

occurrences lying farthest apart is roughly 450 kilometres. The correlation

of the formations concerned, formulated by a committee of Canadian and

North American geologists in the year 1905, as well as the distribution



THE IRON OEE-BEDS IN CEYSTALLINE SCHISTS 1063

of the deposits in the different horizons, may be gathered from the follow-

ing summary :

Cambrian—Potsdam sandstone ; without iron ore.

fKeeweenawan ^

Algonkian
"I ,^. 1 T, „ • Mesabi, Penokee, VermiUon, Marquette,
• Middle Huroman .

U TT I
Crystal Falls, Menominee, Cuyuna.

"Lower Huroman
J

, ,
f Laurentian : Marquette, Vermilion.

Archaean -
-rr j_- tt -r

I Keewatm : Vermilion.

The deposits accordingly belong to different geological horizons.

These ' iron formations,' consisting principally of ordinary clastic sediments

—more particularly quartzite and slate—and reaching a considerable

thickness, have different names in different districts. The Archaean

iron bed of the Vermilion district is named the Soudan formation, and the

iron complex in the Middle Huronian of the Marquette district, the Neganee

formation. The Upper Huronian iron series of the Penokee- Gogebic

district is described either as the Iron-bearing member, or the Ironwood

formation. In the Menominee district the iron horizon is called the

Vulcan formation, and in the Crystal Falls district, the Groveland formation,

while the ore-bearing Upper Huronian of the Mesabi district is known as

the Biwabik formation.

According to later American authorities these are poor primary

sediments, which have been contorted and crumpled, and have locally

suffered such far-reaching chemical alteration that gigantic accumulations

of ore have resulted. Among the primary ores, a siderite-silica schist

frequently still existing and in places somewhat gritty, is especially

notable. This material, of which a thin section is illustrated in Fig. 4.31,

exhibits siderite in fine alternation with schistose quartz, etc. It generally

contains only 40-60 per cent of siderite, equivalent to an iron content of

20-30 per cent, the remainder being chiefly silica. At the outcrop the

siderite is in greater part oxidized to limonite. Greenalite-schist, illus-

trated in Fig. 432, also occurs very extensively. This rock, which is fairly

poor in iron, is characterized by so-called greenalite, an amorphous or

colloidal iron silicate of the composition (Fe, Mg) SiOg . nHgO with a little

Mg, in very small round grains. These ferruginous schists, which

occasionally reach a thickness of 1000 feet, have in several places in the

neighbourhood of later gabbro intrusions been altered, principally by

contact-metamorphism, to magnetite-amphibolite schists.

Much more important however is the hydro-chemical alteration of

the ferruginous schists containing on an average only about 25 per cent

1 Ante, p. 928.
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of iron, to rich ore-bodies of frequently gigantic dimension, on the

one hand, and to ferruginous slates, hornstones, and jaspelites without

economic value, on the other. The rich ore-bodies lie upon more or less

impermeable beds consisting partly of schists and partly of highly altered

eruptives—chiefly original diabase often altered to so-called soapstone.

Fig. 430.—Map showing the positiou of the principal iron ileposits in the United States.

As a rule these impermeable beds constitute the foot-wall of the deposit,

being frequently arranged in basin shape. The deposits have then the

form of large troughs, the axes of which are often much inclined constituting

the so-called ' pitching troughs ' of which the sections by Van Hise and

Leith given in Fig. 433 and 434 afford typical examples. From the com-

prehensive monograph by Van Hise and colleagues upon Marquette, 1897,
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Fig. J:35, representing diagrammatically the following positions of rich

ore, has likewise been taken

:

1. In V-shaped troughs between the schist and a dyke of soapstone
;

(2) along decomposed eruptive dykes in jasper
; (3) in jasper, immediately

below overlying quartzite
; (4) at the contact of jasper and the underlying

soapstone, where the contours of the latter form a trough.

Van Hise and Leith emphasize the fact that the siderite- and greenalite-

schists, which frequently reach a thickness of 100-300 m., occur with sharply

defined contacts either upon quartzite, conglomerate, and altered clay-slate,

Fig. 431.—Thiu section of siderite troin tlie Peuokee district ; magnified 40 times. Van Hise.

or upon basic eruptive sheets. In the ferruginous schists there are no

clayey sediments. On this and other grounds it follows that these are

not mechanical, but chemical sediments. Deposition took place in fairly

shallow water, possibly in large lagoons, though owing to the abundance

of FeCOg and FeSiOg, that is, of iron originally chiefly in the ferrous and

not in the ferric condition, these ferruginous schists may not be com-

pared with lake ore.

The siderite- and greenalite-schists are invariably in the hanging-wall

of particularly extensive and thick sheets of principally basic eruptives

—

basalts—which nuist be regarded as submarine outpourings. From these

submarine sheets the iron content of the schists has probably in greater

part been derived. In addition to iron, a little manganese, and silica.
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some alkali was also conveyed to the water from the basic eruptive. The
formation of the greenalite is then explained as follows :

FeCla + NagSiOa . nHoO = FeSiOg . nH.O (oreenalite) + 2NaCl

.

FeS04 + NaaO . 3S1O2 . nH20 = FeO . SSiO, . nH.O -r NagSO^

.

The precipitate resulting from the latter reaction consists actually of

greenalite, FeSiOg.nHaO, and free silica.

The siderite-schist, which consists principally of FeCOg and Si02, may

Fig. 432.—Thin section showing greenalite, the ilark spheres, in fine-gi'ained quartz,

from the Mesabi district ; niagnifieil 40 times. Leith.

in part have been directly precipitated, and in part indirectly formed from

the greenalite, thus :

FeSiOg + CO2 = FeCOg + SiOa

.

Though in exceptional cases these deposits may represent primary,

relatively rich deposits in the formation of which secondary enrichment

played but a subordinate part, as a rule they have resulted from far-

reaching secondary processes by which (1) the silica of the original

ferruginous schists was removed, or (2) this removal of silica took place

simultaneously with an entry of iron. These processes depended upon the

action of descending meteoric waters containing oxygen, carbon-dioxide.
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etc., and in addition alkali salts, probably derived from the basic

eruptive sheets. Such aqueous solutions collected over the impermeable

beds, there producing the above-mentioned occurrences of rich ore-

bodies. In all probability they contained alkali carbonates capable, fairly

50 100m

'• -^^S'recnstone''*^ Iron "ore I'Mf^'/is^

'-\^^^ft:v'^^^ '1^

Fig. 433.—Transverse (a) and longitudinal (b) section nortb-south and east-west resj)ectively

of the iron deposit in the Chandler mine. Van Hise.

readily, of converting the silica to soluble alkali silicate. In this manner,

according to Van Hise and Leith, the enormous migration or removal of

silica in the original deposit is explained. By these same solutions

iron was also frequently taken up in the ferrous condition, FeCO^
or FeSi03, to be subsequently precipitated elsewhere as ferric oxide, at
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oxidation by solutions containing oxygen. These secondary processes took

place fairly near the surface, and accordinoly the deposits in general do

not continue to great depth.

This extensive migration of material took place in greater part in

Fia. 434.—Trausverse section tlirougli the iron deposit at the Colbj- mine in the

Penokee-Gogehic district. Van Hise and Leith.

pre-Cambrian time. Subsequently the district became covered in part by

Palaeozoic formations, which later became disintegrated ; then followedj

a Cretaceous deposition which likewise surrendered to denudation ; tilli

finally came the Pleistocene glacial erosion. Migration of material resulting

in the formation of ferruginous deposits took place also, though only onl

Fig. 43f.. -Diagram niatic representation of the different positions assumed liy iron deposits

in the Lake district. Van Hise.

a limited scale, in those later geological periods during which the ore-

beds after denudation of the hanging-wall sediments lay in the immediate

neighbourhood of the surface. These brieflv are the genetic conclusions

reached after very extensive research by Van Hise, Leith, Bayley, and other

officials of the Survey, and now generally accepted. Formerly, other

authorities, as for instance Foster and Whitney in 1851, and Wadsworth in

1880, assumed an eruptive formation, while others, including Credner in
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1869 and Brooks in 1873, assumed an exclusively sedimentary origin.

The far-reaching secondary displacement of material within the original

deposition cannot however be denied.

The ore of the Lake Superior deposits is sometimes hard and some-

times fairly soft. Haematite with a mostly fairly small admixture of

limonite occurs particularly extensively ; occasionally, and especially in

the Mesabi Range, friable limonite is strongly represented ; while in some

places, as for instance at Marquette, magnetite occurs. The ore is

accompanied more particularly by quartz. Formerly, fairly rich ore con-

taining roughly about 60 per cent of iron was chiefly worked, but of late

years somewhat poorer ore has proved to be payable. The average iron

content of the total output has therefore gradually decreased, till now
it is probably some 50 per cent. Phosphorus as a rule is very low, the

minimum being 0-008 per cent, though here and there it is somewhat

higher, in places reaching even 1-28 per cent. The sulphur content is

also very low.

The composition of the ore may be gathered from the following table

of analyses, after H. Ries :
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Haematite and limonite, with some magnetite

Quartz .

Kaolin
Chlorite, etc.

Dolomite
Apatite .

Miscellaneous

Total

86-45 per cent.

4-87

5-25

101
0-81

0-48

111

100-00 per cent.

Originally the ore was mined only by opencut, this method, especially

at Mesabi, being still much used. In that district in the year 1908 no less

than 63-7 per cent of the total output, equivalent to 42 per cent of the total

production of the Lake Superior district, was won from opencuts. The

Mesabi ore, the beds of which are so little incHned that the horizontal

thickness transversely to the strike is particularly great, is so loose at the

surface that it can frequently be mined by steam-shovels. Of late years

underground mining has been resorted to, and at the present day there

are mines of 300-400 m. and more in depth. An idea of the rapid

development of the industry and the gigantic size of the occurrences may

be gathered from the following statistical summary, in which the dates

of the commencement of work are given in brackets.
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published. They relate partly to ' available ore ' and partly to ' not

available ore.' In the case of Van Hise and Leith's estimate the ore

contains at least 35 per cent of iron.

Crystal Falls

Marquette .

Menominee
Gogebic
Menominee and Gogebic
Vermilion .

Mesabi
Guyana, etc.

Other occurrences

Available.

Van Hise. Kemp.

Not available.

Van Hise. Kemp.

Million tons.

100
751

60

30
1600
40-

110
80
95
40
60

3100
15

1,500

16,000
3,500

1,250

1,025

30,000

14,360

15,900
7,360
3,900
4,525

1,005

39,000
310

Totals 1905 3500 67,635 72,000

Economically, the most important of these districts is the Mesabi

Range, roughly 130 km. in length, with Duluth as the port. In recent

years this district alone has been responsible for more than one-half of the

North American pig-iron production.

Hitherto it has been usual at these mines—the number of which up
to the year 1910 amounted to 335—to dump the poor ore as valueless, a

procedure which has been strongly criticized from a political economical

standpoint. In this connection Van Hise rightly draws attention to the

fact that many of the Lake occurrences have become smaller and poorer

at a depth of only 1000 feet, while at 1500 feet few are still payable.

Fifteen years ago all the ore smelted contained at least 60 per cent of iron,

while of late years large quantities contaimng 40-50 per cent have been

used. In view of these facts Van Hise advises that the poorer ore be

mined and raised now, so that later as the rich reserves decrease it may
be available.

The total production from 1891 to 1900 amounted to 114,000,000 tons,

while that from 1901 to 1910 was 322,000,000 tons, indicating that in the

last decade production had almost trebled. Assuming a further increase in

the future, the rich ore will in greater part be exhausted in a few genera-

tions. Of the poorer ore however there is sufficient to last for centuries.

1 Includes Crystal Falls. - Only Guyana.
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IRON ORE DISTRICTS CONTAINING ORE-BEDS PRIN-

CIPALLY, AND METASOMATIC DEPOSITS SUBORDINATELY

As already stated when dealing with the metasomatic iron deposits,

some districts contain principally true ore -beds but also subordinate

metasomatic deposits. This combination arose at the formation of

ferruginous sediments in districts consisting in greater part of limestone,

under which circumstances the ferruginous solutions circulating along the

fissures and on the surface, were able to form metasomatic deposits in

addition to sediments. The important part played by sedimentation in

these districts has only been recognized in more recent years. Formerly,

too much importance was given to metasomatism, and these occurrences

accordingly were mostly treated with the metasomatic deposits.

In Germany the most important deposits belonging to this class are

those in the Lahn-Dill district, and those of the Oberharz Devonian belt

at Elbingerode and Hiittenrode.

The Haematite Deposits in the Lahn-Dill District
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The Dill and Lahn syiiclines are separated from each other by a

north-east striking Silurian anticline, the northern Dill syncline coinciding

approximately with the Hcheldc valley and its southern continuation,

^
Silurian. Upper and Jlid. Lower

Devon. Devon.
Carl on. Tertiary.

Fig. 436.—Geological map of the Lahn-Dill ilistrict. Scale 1 : 530,000.

Einecke and Kiihler.

while the Lahn syncline reaches in the south-west almost to Laurenburg,

and in the north-east to Giessen. The synclinal flanks of both lie upon

outliers of the Taunus and the Westerwald, which here abutt. This

geological position is illustrated in Fig. 436.
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Both these synclines are known for their valuable haematite beds, which

occur chiefly at the contact of Middle and Upper Devonian, where the

^^ EHSl C^IJ IgSS] [XH
flay- Sclislstein. Clay- Ha-matite Diabase. Displace-
slate. slate. be(l.s. nients.

Fig. 437.—Folded and faulted iron ore-beds in the Lahn syncline. Einecke and Kohler.

opportunity for the formation of such ore-beds was particularly favourable,

and a ferruginous horizon extending for a great distance and carrying

principally haematite became formed. Many of these occurrences are

u u

Fig. 438.—Folds and overthrusts affecting the iron ore-bed in the Raab mine near Wetzlar.

Einecke and Kohler.

ta.< = Sclialsteiii of tlie upper MiiUilo Devonian ; foc= Cypridiiia slate of the Upper Devonian;
if= overthrusts.

undoubtedly true sediments. In addition to these sediments, however,

haematite deposits occur subordinately -within the Devonian diabase sheet,

and also at the contact of Upper Devonian diabase and Culm grauwacke,
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these latter having resulted from the replacement of limestone lenses and

diabase. The limonite deposits associated with those of haematite are

considerably younger, and were formed principally by metasomatic altera-

tion of limestone in Tertiary time. Finally, alluvial deposits consisting

of fragments of disintegrated older deposits exist, these fiUing depressions

in the slate, schalstein, and limestone.

In consequence of the textural and tectonic changes which different

parts of this region have separately experienced, in these two Devonian

Fig. 439.—Plan of the iron deposit on tlie 60 m. level of the Ktiuigzug and Stillingseinen

mines near Oberscheld. Scale 1 : 4000. Einecke and Kiihler.

synclines the following areas may be differentiated, namely, Dillenburg,

Wetzlar, Weilburg, and Dietz. Of the geo-tectonics of these areas, the

following brief description of the Dillenburg syncline may be taken as

representative.

Upon the Silurian lie the lowermost beds of the Lower Devonian,

including the Coblenz stage with its three divisions ; upon these in turn

follow those of the Middle Devonian, with the fine clayey Orthoceras-

and Tentaculite slates and overlying calcareous sediments. In the upper

Middle Devonian began the mighty eruptions to which the diabase and

schalstein owe their existence, this eruptivity continuing into the Upper

Devonian. In this period likewise the extensive hsematite beds were

VOL. II '1



1076 OEE-DEPOSITS

formed, the iron of which, as appears probable from the Geological Survey,

was derived from exhalations and springs representing the after-ef?ects of

the eruptive phenomena. The ironstone horizon extends from the Lahn to

the Dill and belongs to the Middle Devonian ; its foot-wall ahvays consists of

schalstein. The conformity of this horizon is so marked that it can every-

where be taken as the parting between Middle and Upper Devonian. In

the Dillenburg syncline the iron ore-beds, apart from some thin and unim-

portant occurrences in the foot-wall schalstein, are limited to this horizon.

The bed material consists of haematite arranged in bands. This ore

when containing much iron contains also much silica, and when little

iron much calcite. The calcareous development prevails throughout the

entire west of the syncUne, while in the middle around Oberscheld siliceous

areas occur ; in addition, sudden changes from calcareous to siliceous ore

are often observed. In the neighbourhood of the surface the ore is de-

carbonated and altered to limonite, frequently also silicified.

The hanging-wall of the ironstone horizon is variously constituted.

In the centre of the Dill syncline it is formed by the Upper Devonian

diabase, while in the north and north - east, calcareous, siliceous, and

Cypridina slates occur in the place of this diabase, or between it and the

deposit. Where the bedding is undisturbed the Culm slates occur upon

the Devonian,

All these formations in late Carboniferous time were highly disturbed

by folding and dislocation.

Many authorities are inclined to regard the haematite within the

diabase as fragments from the main bed, either primarily enveloped by

the diabase or subsequently forced within it. Such deposits are lenticular

in form, and the silica content is generally considerable.

The occurrence of ore at the contact of diabase and grauwacke, to which

reference has already been made, owes its existence to the metasomatic

replacement of limestone lenses or the replacement of diabase or schalstein.

The size of these occurrences is mostly small, nor is there anything pro-

nounced about the nature of the ore. They have not hitherto been the

object of mining operations.

In the eastern Lahn syncline the tectonics are rendered complex by

extensive overthrust coverings, beneath which the country is exceedingly

disturbed. In this synchne jVIiddle Devonian predominates, this formation

being calcareous, as at the Dill. Here also the eruptive period responsible

for the iron began with the schalstein beds of the upper Middle Devonian,

these beds being particularly calcareous. At the same time was formed

the massive hmestone of the Lahn district, which, confined to no particular

horizon, may be followed from Giessen to Balduinstein. Above this comes

schalstein again. With this powerful limestone range, which is absent
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from the Dillenburg district, the Tertiary hmonite- and manganese ores are

associated. The principal haematite horizon in this case also, occurs at the

contact of Middle and Upper Devonian, though it is broken by numerous

disturbances both along the strike and dip. In addition, extensive

iron ore-beds, which probably belong to one and the same horizon, occur

in the schalstein.

The iron ore of the Lahn syncline is calcareous, and, by the action of

meteoric waters, still more decomposed than that of the Dill syncline ; in

this decomposition the lime has been removed and the haematite altered

to limonite. Frequently the ore-beds contain intercalated beds of slate

and schalstein as well as intrusive layers of diabase.

In the middle Lahn syncline, that is, in the Weilburg district, no main

ferruginous horizon exists, but a large number of mostly limited horizons,

one above the other. Among these, the contact horizon between Upper

and Middle Devonian is not prominent. Beds of haematite reach right into

the Upper Devonian, where they are nearly always accompanied by Upper

Devonian schalstein. In this portion of the Lahn synchne also, mineraliza-

tion of the massive limestone is an important feature, in that to the north

two other parallel series occur, between Hadamar and Merenberg on the one

side, and Weilburg and Dehrn on the other, and, accordingly, metasomatic

Tertiary manganiferous ores are frequent. In this district occur also

the fragmentary deposits which have resulted from the destruction of

older beds and, in synclines on the plateau, have remained protected from

erosion. These exhibit bedded structure and occasionally resemble the

Tertiary limonite deposits.

To the west, the Lahn syncline dies away in secondary synclines

separated from each other by Lower Devonian anticlines which strike in

the direction of Holland. Thus, from north to south occur the Hadamar-

Niedererbach, the Balduinstein-Ruppachtal, and the Hahnstatten-Kat-

zenelnbogen synclines. Of these, the first carries haematite only in the

Middle Devonian schalstein ; the second is characterized by a close succes-

sion of overturned Middle Devonian limestone, schalstein, and diabase

with attendant iron deposits ; while the third is occupied by Middle

Devonian limestone and schalstein containing very promising ore-beds.

Finally, the entire Lahn district is bounded by the large Ruppach Fault

which occurs in the Ruppach valley at Balduinstein.

With regard to the character of the ore in the Lahn-Dill district,

calcareous ore, haematite, and limonite, must be distinguished. The iron

content of the first varies between 22-8 and 44 per cent ; the silica reaches

more than 20 per cent, though as a rule it does not exceed 10 per cent ; the

CaCOg may reach 33 per cent, and the phosphorus 0-36 per cent, though

the latter as a rule is much less. The iron content of the haematite gener
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ally varies between 45 and 55 per cent, the silica is 12-25 per cent, the lime

9-10 per cent, and the phosphorus 0-06-0-34 per cent. The limonite, so

far as this is an alteration from haematite, contains as a rule 33-35 per cent

of iron with 0-09-0-38 per cent of phosphorus, and 11-25 per cent insoluble

residue. All these ores have quite a low manganese content which seldom

exceeds 0-5 per cent and does not reach 1 per cent. The sulphur content

is likewise low.

The manganiferous iimonites of the massive limestone have mostly

30-40 per cent of iron with 13 per cent of manganese and up to 2-1 per cent

of phosphorus. The silica content varies between 5 and 19 per cent, the

linie between 0-3 and 1-8, and the insoluble residue between 7 and 30 per

cent. The concretions of manganese ore found in the limonite contain

up to 5 per cent of iron and 41 per cent of manganese.

The economic importance of this district may be gathered from the

following figures : In the year 1910 Germany produced 22,964,765 tons of

iron ore, of which the Lahn-Dill district with 116 mines contributed 1,004,263

tons containing on an average 40-9 per cent of iron. Einecke and Kohler

estimated the reserves which come into present consideration at 166,000,000

tons. Of this figure approximately 100,000,000 tons are haematite, and

60,000,000 tons limonite.

The Magnetite, Specularite, and Hematite Occurrences in

THE Harz

LITERATURE

W. HAt'CHECORNE. ' Die Eisenerze der Gegend von Elbingerode am Harz,' Berg-

Hutten-, und Salinenwesen, 1867.—H. Wedding. ' Beitrage zur Geschichte des Eisen-

hiittenwesens im Harz,' Zeit. d. Harzverciiis, 1884.—C. Blomeke. Die Erzlagerstatten

des Harzes und die Geschichte des auf demselben gefiihrten Bergbaues. Vienna, 1885.

—

F. Klockmann. ' tjbersicht iiber die Geologie des nordwestlichen Oberharzes,' Zeit. d.

d. geol. Ges., 1893, p. 253.—M. Koch. ' Zusammcnsetzung und Lagerungsverhaltnisse

der Schichten zwischen Bruchberg-Ackcr und dem Oberharzer Diabaszug,' Jahrb. d. pr.

geol. Landesanst., 1894, p. 185 ; Cypridincnschicfer im Devongebiet von Elbingerode und
Hiittenrode.— Banniza, Klockmann, Lengemann and Sympher. Das Berg- und
Hiittenwesen des Oberharzes. Stuttgart, 1895.—M. Koch. ' Gliederung imd Ban der

Kulm- und Devonablagerungen des Hartenberg-Biichenberger Sattels nordlich von Elbin-

gerode im Harz,' Jahrb. d. pr. geol. Landesanst., 1895, p. 151.—L. Beushausen. Das
Devon des nordwestlichen Oberharzes, 1900 ;

' Das Devon des nordlichen Oberharzes u.s.w.'

Abhandl. d. pr. geol. Landesanst., 1900, N.F. Part 30.—E. Harbot. ' Zur Frage naeh

der Entstehimg gewissen devonischer Rotcisenerzlagerstatten," Neues Jahrb. f. Min., 1903,

p. 179 ;
' tJber einige Trilobitenfunde bei Grund im Harz und das Alter des Iberger Kalkes,'

Zeit. d. d. geol. Ges., 1903.

—

Einecke and Kohler. Die Eisenerzvorrate des Deutschen

Reiches. Published by the Prussian Geological Survey. Berlin, 1910.

1. The Hcematite Beds of the Oberharz Devonian Belt.—The Ober-

harz Culm plateau is interrupted to the south-east by a 300-1000 m.

wide Devonian strip, the Oberharz Devonian or diabase belt, which, mth
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the exception of a short gap in the neighbourhood of Altenau, extends

from the neighbourhood of Osterode on the south border of the Harz,

to near Harzburg on the north border. This situation is iUustrated in

Fig. 35.

The beds from oldest to youngest consist of Middle Devonian Wissen-

bach slate, diabase with tuffs and amygdaloids, Stringocephalus limestone,

and Upper Devonian diabase and Cypridina slate. The schalstein

—

diabase tuff—which in greater part lies immediately upon the Wissenbach

slate and in turn is overlaid by the Stringocephalus limestone, comes most

into the question of these deposits, though the Upper Devonian diabase,

occurring immediately above the Stringocephalus limestone, likewise

contains some haematite beds. As a result of intense plication and over-

thrusting the beds form south-east striking anticlines and synclines, many
times repeated. The tectonics are further complicated by a large number

of transverse fissures which strike north-west and dip mostly south-west.

The iron ore- beds consist of numerous more or less large lenses

which pinch out both along the strike and the dip, and in consequence

of step-faulting are frequently duplicated in transverse section. Often,

together with the Stringocephalus limestone, they occur enfolded in the

schalstein. By old workings on the surface several such beds may be

followed, seven separated by amygdaloid being sometimes found parallel

and close together, while hardly ever are less than three present.

The thickness of these ore-bodies may reach 6 metres. The ore is

mostly a calcareous haematite, though it often becomes siliceous. The

iron content according to former assays amounts to 20-50 per cent

;

sulphur occurs only in traces. Unfortunately the data preserved are no

longer sufl&cient to fix the distribution of the calcareous and siliceous ores.

The composition of the ore may be gathered from the following analyses:

Julius Mine.
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JS^arne and Position of Bed and of Old Mines. Thickness.

Segen-Gottes bed on the Polsterberg ; IVIines

:

Segen-Gottes, Griine Linde, Georg-Andreas .

Schwan bed in the Hut Valley ; ;Mine : Weisser
Schwan

Weinsehenke bed at Buntenbock ; Mines : Wein-
schenke and Goldener Adler ....

Blaue-Busch bed at Lerbach ; Jlines : Blauer-
Busch, Kranich, Julius (exhausted above
valley level)

Muhlenberg bed at Lerbach ; Mine : Miihlenberg
Rote Lowe bed at Lerbach ; Mine : Rote Lowe .

Hohebleek bed at Osterode ; Mine : Hohlebleek

.

Metres.

2-4

0-5-1

0-3-2

1-5-10
0-5-1
0-5-1

1-2

Iron Content.

Per cent.

24-30

37

22

44
24
25
24

In addition, there are in this district considerable quantities of ferru-

ginous flux.

The genesis of these deposits has not yet been satisfactorily determined.

Formerly, all ironstone beds associated with schalstein, diabase, and lime-

stone, were regarded exclusively as metasomatic replacements of the Stringo-

cephalus limestone, such metasomatic alteration ha^dng been brought about

by ferruginous solutions subsequent to the mountain-folding. The geological

position of the ore-beds of the Oberharz diabase belt agrees so exactly

however vdth. that of the Lahn-Dill district that in both cases the modern
view of a combination of ore-beds and metasomatic occurrences must
hold good. The time of formation must be regarded as that of the

intrusion of the Middle Devonian eruptives.

It is an interesting fact that the extreme north-east outliers of the

Oberharz diabase belt, in spite of the similarity in the geological position

of their contained ore-beds with those just described, carry not haematite

but magnetite. Here also, presumably, sedimentary haematite was first

deposited, which subsequently by contact with the Brocken granite

became altered to magnetite.^ The geological position may be best

observed on the Spitzenberg near Altenau ; much exploration work
however has not yet been done. The ore there, according to one

analysis, contains 58 per cent of iron with 13 per cent insoluble residue,

and according to another 43 per cent of iron with 30 per cent of residue.

Several parallel beds occur.

jMining in the Oberharz diabase belt was active principally from 1650

to 1875 during which period more than 100 mines were working. Owing
to the closing down of the smelting works at Altenau, Osterode, and

Lauterberg, operations were subsequently abandoned. Einecke and

Kohler estimate the ore-reserves, including those of magnetite, at 3-4

million tons.

1 Ante, p. 350.
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2. The Hcematite Beds at Elhingerode and Hiittenrode.—These deposits

are very similar to those of the Lahn-Dill district as well as to those of

the Oberharz diabase belt. Here also a similar sequence of formations

participates in the geo-tectonics of the district, namely : first, the Middle

Devonian Wissenbach slate ; then the older schalstein and amygdaloidal

diabase, the keratophyre with diabase tufis, and the Stringocephalus

Hmestone ; and finally, representing the Upper Devonian, the younger

schalstein with amygdaloidal diabase, the Iberg- or Clymenian lime-

stone, and the Cypridina slate. The Devonian is then overlaid by Culm.

M. Koch^ distinguishes three Devonian anticlines, namely, the Buchenberg-

Hartenberg, the Hornberg-Elbingerode, and the Hiittenrode-Neuwerk,

these being illustrated in Figs. 440 and 441. The anticlinal core in each

case consists of schistose schalstein or amygdaloidal diabase. The kera-

tophyre occurs as numerous more or less thick sheets separated by tuffs.

The Stringocephalus limestone lies as a mantle around the schalstein.

At Elbingerode the anticlines and synclines strike north-east, and consist

only exceptionally of simple folds, but are frequently overturned, so that

the geological position is not always easy to determine. In this con-

nection M. Koch points out that the Stringocephalus limestone and the

ironstone beds on the Biichenberg and the Hartenberg do not belong, as

formerly assumed, to an overturned synclinal limb, but to an anticlinal

limb. The presence of many overthrusts has caused the duplication of

some beds and the disappearance of others. Well-defined transverse faults

accompanied by lateral displacement render the bedding conditions still

more complex.

The ore-beds, though found in association with the keratophyre-

and diabase tuffs of the Middle Devonian, occur principally in the

Stringocephalus limestone, which in greater part is so ferruginous that its

entire thickness may be regarded as ore. The haematite beds of the diabase

tuffs are separated from each other by beds of calcareous and chloritic

tuff. The ore-beds of the Stringocephalus limestone are the more important,

both in relation to number as well as to the quality of the ore. On the

Biichenberg and Hartenberg one such bed, 5-40 m. thick and dipping 70°,

may be followed for 4 kilometres. This bed is accompanied by many
parallel beds which may be 1-10 m. tliick. At the outcrop an alteration

to limonite has taken place. In the eastern portion of the Biichenberg

anticline magnetite has been formed as the result of contact action.

The haematite beds of the other anticlines are less important. South-

west of Elbingerode, on the Grosser Graben, a bed with a limonite gossan

occurs as a mantle around an occurrence of keratophyre. This bed is

6-25 m. thick and dips 12° to the north-east.

1 Jahrb. d. pr. geol. Landesanst., 1895.
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On the Susenberg, limonite chiefly has been mined. Along both sides

mis
« ^

A

^1

of the Grosser Hornberg, which is an elongated occurrence of diabase and
schalstein, workable hgematite- and limonite beds extend for more than 1700

m. in length and up to 12 m. in thickness. West of these lies the Ahrenfeld
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bed-series, this having a length of 800 m. and a thickness of 4 m., while

in the extreme west the Bastkopf and Wormke deposits occur. Generally

speaking, towards the west the silica content increases and the thickness

decreases ; the deposits at Lodenblek, Holzberg, Miihlenweg, Gallberg,

and Drahl, all these deposits being near Hiittenrode, are, for instance, the

most favourable. Of these, the two first occur respectively on the north

and south limbs of an anticline, the third and fourth form respectively

the south and north flanks of an overturned syncline, while the fifth lies

in a secondary anticline of these synclines. The extent of these beds

along the strike is 400-600 m. while the thickness is very variable. The
compact calcareous haematite contains 50-60 per cent of iron, and the

ferruginous flux 20-30 per cent.

With regard to genesis, the ironstone beds of Elbingerode-Hiittenrode,

like the other Middle Devonian ore-beds of the Harz, were regarded as

Fig. 441.—Section through the Miihlenweg («), the Drahl {h), and the Gallherg (c) deposits.

Kocli.

1, sclialstpin and aniygdaliiidal diabase ; 2, keratopliyrp ; 3, Striiigocephalus liinestoiio and ironstone
deposits ; 4, Cypridina slate ; 0, Adinole and Wetz slate.

metasomatic occurrences, the iron being considered as derived from the

schalstein and diabase. As the result of more recent examination, however,

sedimentation has become acknowledged as the most likely genesis for most

of these occurrences, which accordingly are of the same age as the Stringo-

cephalus limestone.

The economic importance of the Elbingerode-Hiittenrode deposits

depends, in addition to the quantity, upon the character of the ore.

According to available analyses the iron content of the haematite varies

between 30 and 49 per cent ; manganese is very low ; the ore being

calcareous lime may reach 30 per cent ; magnesia is low
;
phosphorus is

given as 0- 12-0-8 per cent ; while finally the silica, though it somewhat

increases towards the west, in most cases remains below 16 per cent. The

limonite contains 35-59 per cent of iron, very little manganese and lime,

0-2-0-7 per cent of phosphorus, and 3-1-18 per cent of silica. The

magnetite contains 40-55 per cent of iron, 0-6-6-3 per cent of lime, and
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0-05-0-15 per cent of phosphorus, while the insoluble residue varies

between 10 and 30 per cent.

The ore-reserves of these deposits down to a depth of 200 m. below

the adit level, are estimated by Einecke and Kohler at 40,000,000 tons.

THE IRON ORE PRODUCTION OF THE WORLD AND ITS DIS-

TRIBUTION AMONG THE VARIOUS CLASSES OF DEPOSITS

LITERATURE

The Mineral Industry, New York, and The Mineral Resources of the United States.

—

B. Neumann. Die Metalle, u.s.w. Halle, 1904. Other works cited in their respective

places.

The total production of pig-iron has been as follows :
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Production of Pig-iron in 1900 and 1910, together with Production, Export,

AND Import of Iron Ore in 1910

In Millions of Metric Tons
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<^
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The total iron ore production in dii?erent countries up to the end of

1910 accordingly in round figures was :

Great Britain and
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in the thirteen years from 1899 to 1911 produced 1-7 million tons, to which must be added an

earlier prorUiction. Tunis in late years has produced about 150,000 tons annually. India

from 1897 to 1910 produced at least a total of 10 ?iiillion tons. Japan from 1895 to 1902

produced 25,000-30,000 tons, and later 45,000-55,000 tons of pig-iron annually, i.e. in the

last fifteen years more than 1.000,000 tons of ore, to which must be added an eai-lier pro-

duction. South Australia from 1899 to 1909 produced some 1,800,000 tons of iron ore, while

some ore was also produced by the other Australian colonies. Cuba in the year 1911

exported 1.147,879 tons of ore to the United States, in addition to several million tons earlier.

Ontario in 1911 produced some 230,000 tons of iron ore ; some ore was also obtained from

the other Canadian states, and a good deal from Newfoundland, namely, from 1895 to 1908

some 7 million tons. A minimum total of 100 million tons and a maximum of 250 million

tons may therefore be reckoned for the ' other countries.'

Table of the Iron-Ore Districts with the Largest

Production in Recent Years

1. The Lake Superior district :
^ production in 1910, 43-4 million

tons of ore, equivalent to some 23 million tons of iron.

2. The German-French minette district :
^ Lorraine with 16-65 miUion

tons in 1910 ; Luxemburg with 8-9 million tons in 1909, and Meurthe-et-

Moselle with 10-67 million tons in 1909 ; or altogether 35-5 miUion tons

of ore, equivalent to 12 million tons of iron,

3. The oolitic iron ores of Cleveland, Northampton, Lincoln, and

North-East Yorkshire :
^ in recent years about 10 million tons of ore,

equivalent to some 3 milUon tons of iron amiually.

4. Bilbao :
^ yearly some 4-5 million tons of ore, equivalent to about

2-25 milhon tons of iron.

5. Norbotten in Sweden :
^ a present yearly production of some 3-5

million tons of ore, equivalent to about 2-2 million tons of iron.

6. The Clinton ores in the United States :
^ about 5 milhon tons of ore,

equivalent to some 2 million tons of iron.

7. Kriwoj Rog in South Russia :
' 1907, 3-75 milUon tons of ore,

equivalent to some 2 million tons of iron.

8. Middle Sweden, including Grangesberg :
^ some 2-0 million tons of

ore, equivalent to about 1-1 milhon tons of iron.

9. Siegerland :
^ 1910, 2-3 million tons of ore, equivalent to some 0-8

million tons of iron.

10. Cimiberland and Lancashire :
^° yearly some 1-7 million tons of

ore, equivalent to about 0-8 milhon tons of iron.

11. Eisenerz in Styria :
^^ 1910, 1-7 milhon tons of ore, equivalent to

some 0-7 milhon tons of iron.

12. The Urals :
^^ 1906, 1-24 million tons of ore, equivalent to some

0-6 milhon tons of iron.

1 Ante, p. 1062. ^ Ante, p. 1003. » j^^g^ p, x022.

* Ante, p. 834. ° Ante, pp. 269-277. « Ante, p. 1029.

' Ante, p. 1058. « Ante, pp. 276, 378-394. » Ante, p. 804.

10 A7ite, p. 826. " Ante, p. 820. 12 j^^te, pp. 360-369.
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13. Santander : 1907, 1-44 million tons of ore.

14. Murcia : 1907, 1-03 million tons of ore.

15. Alnieria : 1907, 0-84 million tons of ore.

16. Algeria : 1910, 1-06 million tons of ore.

17. Upper Hungary : siderite ;
^ yearly some 1 million tons of ore,

equivalent to about 0-4 million tons of iron.

18. Lahn-Dill district :
^ 1910, 1-0 million tons of ore, equivalent to

0-41 million tons of iron.

19. Peine :
^ yearly some 0-8 million tons of ore, equivalent to about

0-3 million tons of iron.

20. Scottish Blackband :
* yearly almost 0-8 million tons of ore,

equivalent to almost 0-3 million tons of iron.

21. Nucitz in Bohemia :
^ yearly some 0-65 milhon tons of ore, equiva-

lent to about 0-2 million tons of iron.

The two economically most important iron-ore districts, that of Lake
Superior in America, and that of Lorraine-Luxemburg including Meurthe-

et-Moselle in Europe, at present yield together somewhat more than one-

half, approximately 55 per cent, of the yearly iron ore and iron production.

The first seven districts in the above table are responsible for at least

three-quarters of the iron ore and iron production, while the twenty-one

districts together produce nine- tenths of the world's total production.

The remainder, some 10 per cent, is distributed over a considerable

number of smaller districts.

The Ikon Ore Production of the Separate Countries

In 1910 the iron ore production of the United States ^ was distributed

among the various states as follows :

I Minnesota
Lake District I Michigan

\ Wisconsin
Alabama
New York
Virginia

California, Colorado, New
Wyoming

Pennsylvania
Tennessee
New Jersey .

Georgia
Other states .

Mexico, Washington, and

31-97 million

13-30

1-15

4-80

1-29

0-90

0-86
0-7-1

0-73

0-52

0-31

0-32

long tons.

56-89 million Ions tons.

1 Ante, p. 809.

* Ante, p. 1035.

- Ante, p. 1072.

6 Ante, p. 1040.

3 Ante, p. 1046.

6 Ante, pp. 277, 373, 1028, 1062.
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The production of the Grerman Empire is contributed to by the different

districts as follows :

Iron Ore Production of the German Empire distributed over the
Different Districts

Annual Output of Raw Iron Ore.

Districts.

Aachen Carboniferous-limestone district

Berg limestone district ....
Siegerland-Wied siderite district

Nassau-Oberhesse (Lahn-Dill district)

Taunus district, including Lindener Mark

Vogelsberg basalt district ....
Waldeck-Sauerland district

Schafberg-Hiiggel (Osnabruck) district .

Wesergebirge district

Sub-Hercynian (Peine, Salzgitter) district

Harz district

Bog ore district

Silesian district

Thiiringia-Saxonj' district . . . .

Bavaria and Wiirtemberg-Baden district

Lorraine minette district . . . .

German Empire
(1909
\1910
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oolitic deposits ^ with an annual production in Cleveland of 6-07 million

tons in 1908, and in Northampton of some 2-5 million tons in 1907, con-

stitute the most important ore district. Up to 1909 roughly 250 million

tons had been won in Cleveland alone. The Cumberland district comes

next ^ with some 1-7 million tons yearly. In addition there are a

number of smaller districts. The part played by the clay- and blackband

ironstones is stated a little farther on.^

The production of France in the year 1909 was distributed among the

different provinces as follows :

Men rthe -et -Moselle
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In Austria the most important district is Eisenerz in Styria ^ with a

production up to the end of 1911 of 42-43 milUon tons.^ In Belgium the

production, which in the period 1836-1908 amounted to 30,846,000 tons,

reached its zenith as early as the 'fifties and 'sixties when between 0-7 and
0-8 million tons were produced annually ; the highest production was

reached in 1865 with 1-02 million tons. In the last thirty years the pro-

duction has been 0-2 milhon tons per year, more or less. The present

important Belgian iron industry depends almost exclusively upon imported

ore. The home iron deposits are not exhausted, but, ^^ith some exceptions,

they cannot compete with imported ore.

The largest Iron Deposits yet kxown and the Total

Production of some Iron Deposits

The itabirite deposits of Brazil, and especially of Minas Geraes,^ are

regarded as the largest iron deposits yet known, though o^nng to the

difficulties of transport they lie practically untouched. According to

newspaper reports modern transport has been projected. Next in

extent, so far as is at present known, come the Lake Superior deposits ;

*

the German-French minette ;
^ and the Norbotten deposits in Sweden,

including Kiirunavaara.^ Kiirunavaara contains the largest quantity of

iron ore of exceptional richness within any limited district.

The Lake Superior district ' from 1849 to the end of 1910 produced

altogether 493 million tons of ore, equivalent to some 280 million tons of

iron. The German-French minette district '^ up to the end of 1911 yielded

altogether about 550 million tons of ore, equivalent to about 180 million

tons of iron. Bilbao ^ has produced hitherto 190 to 200 million tons of

ore, equivalent to some 100 milhon tons of iron. Cleveland '^^ has yielded

hitherto some 250 milhon tons of ore, equivalent to some 80 million tons

of iron. The Scottish Blackband has yielded hitherto some 110 million

tons of ore. While, finally, Eisenerz in Styria ^^ has hitherto produced

42-43 milhon tons of ore, equivalent to some 17 million tons of iron.

The Iron Ore-Reserves of the World

Upon the occasion of the Xlth International Geological Congress at

Stockholm, 1910, an attempt was made to estimate the iron ore-reserves

1 Ante, p. 817. - Anle, p. 820. » j^„fe^ p_ io60.

< Ante, p. 1062. ^ Ante, p. 1003. « Ante, pp. 269-275
7 Ante, p. 1062. » A?ite, p. 1003. '> Ante, pp. 834, 1091.

" Ante, p. 1023. ^^ Ante, p. 820.
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of the world. Although these reserves were divided into different classes

according to the condition of their development, a study of the otherwise

excellent work ^ shows that in the different countries the estimation was

approached from very difierent standpoints, and that consequently the

figures put forward cannot of!-hand be compared with one another. This

should be remembered when comparing the following tables. Further-

more, the deposits in Australia, Asia, and Africa, have been so little investi-

gated that the figures given for these continents are of little use. For

Sweden, on the other hand, where the estimation was most carefully con-

ducted, the figures given have, in the short time since the Congress, been

proved to be too low. The tables accordingly are hardly suitable as

the basis of any careful economic conclusions. They prove however with

certainty that the iron ore-reserves, not only of the other continents but

also of Europe, are gigantic. Even if the iron production in the future

were doubled in successive periods of 20-25 years, the reserves known

to-day would be sufficient to last for centuries. It may, however, be

assumed that future advance in technology will render possible deeper

mining than that being undertaken at present, while a more effective

mechanical concentration of poorer ores may also be expected ; further-

more, smelting by electricity has already permitted the working of

deposits situated within the reach of large water powers though far removed

from coalfields ; while, finally, the future discovery of other large deposits

may be anticipated. Though therefore a dearth of iron ore is not to

be feared in the next-coming centuries, several of the present important

deposits will undoubtedly in a short time become exhausted, while a more

distant future will undoubtedly produce considerable changes in the iron

industrial centres.

^ The Iron Ore Resources of the World, Stockholm, 1910.
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Latterly, however, operations upon them, in consequence of greater cost,

have rapidly dechned and in some places have been completely suspended.

The output of these ores in Westphalia in 1865 was not less than 1,154,000

tons,^ while to-day operations have entirely ceased. In South Wales the

production fell from 1,100,000 tons in 1872 to 40,000 tons in 1890 ; in

South Staffordshire, from 715,000 tons in 1875 to 41,000 tons in 1890
;

in Derbyshire, from 493,000 tons in 1871 to 24,000 tons in 1890 ; several

other counties show a similar decrease, so that England now produces but

an inconsiderable quantity of such ores. In Scotland, where altogether

110 milUon tons of blackband ^ have been produced, and in the year 1881

some 1,402,700 tons of blackband- and 1,192,375 tons of clay-ironstone,

or a total of 2,595,375 tons, operations have like\nse declined, the pro-

duction in 1894 having been 631,304 tons, and this almost entirely of

clay-ironstone. A few years back Scotland again produced nearly 800,000

tons of blackband- and clay-ironstone. To this must be added a small

quantity from other countries, so that, altogether, this class of iron ore

inay be said at the present time to be responsible for about one per cent

of the world's output.

Chamosite and thuringite ^ together likewise yield about one per cent

of the total production.

The detrital iron deposits '* produce only one, or not quite one per cent

of the total output, while the recent iron- or titaniferous-iron sands are

to-day ^"ithout, or ^ith only quite subordinate importance.

The lake- and bog ores have of late years produced only some 35,000

tons per year, or 0-025 per cent of the total production.

On the other hand, some of the iron ore-beds in the fundamental rocks

and in early Palaeozoic crystalline schists are of the greatest importance.

Thus, the Lake Superior occurrences alone, which are to be regarded as

altered sediments, produced in 1910 no less than 43-4 million tons of ore,

equivalent to some 23 million tons of iron, that is, approximately 30 per

cent of the total ore production and 35 per cent that of the iron. Kriwoj

Rog produces 3-5 to 4 million tons of ore per year, and in 1907 produced

3-7 million tons. To these figures must be added the production of a

smaller mine in the northern Norwegian ferruginous mica- and magnetite-

quartz schists as well as that of other occurrences belonging to this class,

which altogether is therefore responsible for nearly 40 per cent of the

world's iron production.

Of the metasomatic deposits, Bilbao produces yearly some 4-5 million

tons of ore, equivalent to about 2-25 million tons of iron ; Cumberland-

1 Ante, p. 1035.
^ H. Louis, The Iron Ore liesources of the World, Stockholm, 1910, Vol. IT. p. G38.

3 Ante, p. 1039. * Ante, p. 1044.
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Lancashire some 1-7 million tons of ore, equivalent to 0-8 million tons of

iron ; and Eisenerz in Styria some 1-7 million tons of ore, equivalent to 0-7

million tons of iron. Other deposits belonging to this class are : several

occurrences in Algeria -mth a production of 1-06 million tons in 1910 ; others

in Poland with 0-3 million tons in 1906 ; several important occurrences

in Spain ; and several in Austria, Hungary, Germany, France, United

States, Norway, etc. At the present day therefore some 12-15 million

tons of ore, equivalent to some 5-7 million tons of iron, are derived from

metasomatic occurrences.

Of the siderite lodes, Siegerland comes first with a production of

some 2-3 million tons of ore per year, equivalent to about 0-8 million tons of

iron ; then follows Upper Hungary with 1 million tons of ore, or 0-4 million

tons of iron yearly ; so that altogether, including some smaller lodes,

approximately 4 million tons of ore, equivalent to some 1*4 million tons of

iron, are produced annually from this class of deposit. Lodes with preponder-

ating haematite, specularite, or magnetite, are of subordinate importance.

Among the contact-deposits are reckoned : Elba,^ with a present

annual production of some 0-45 million tons and with an ore-reserve of

5 to 6 milUon tons ; the Banat, with 0-12 to 0-15 milUon tons of ore

yearly ; a number of smaller occurrences such as Traversella-Brosso,

Schwarzenberg, Schmiedeberg, Pitkaranta, Christiania, etc. ; and several

in North America of subordinate economic importance. Further, according

to the authors' view, several of the principal occurrences in the Urals,

with 1-24 million tons of ore in 1906 ; the occurrences in the funda-

mental rocks at Arendal with a yearly production of some 25,000 tons of

iron ore ; and those of Dannemora-Persberg, etc., in Middle Sweden ^ with

an annual production of some 0-75 million tons of ore, belong to this class.

Contact-deposits produce then, altogether, some 3 million tons of ore,

equivalent to about 1-5 million tons of iron, annually.

The magmatic segregations of titaniferous-iron ores in basic eruptive

rocks are at the present time economically of quite subordinate importance.

One Norwegian mine, Kodsand,^ produces by magnetic separation some
15,000 tons of non-titaniferous concentrate containing some 64 per cent

of iron. There are in addition a few other occurrences belonging to this

class upon which mining operations are being prosecuted, though alto-

gether these occurrences yield at most 0-1 per cent of the world's production.

On the other hand, the iron- and apatite-iron deposits, which must be re-

garded as magmatic segregations in acid eruptives,^ are of great importance.

The Norbotten occurrences, for instance, produce to-day some 3-5 million

tons of ore, equivalent to about 2-2 million tons of iron, a production

1 Ante, pp. .369-372. 2 ^„,g^ pp 383-389.
3 Ante, p. 257. * Ante, pp. 259-277.
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Sedimentary
deposits

expected shortly to be still larger ; while Grangesberg and other apatite-

iron deposits in iMiddle Sweden produce some 0-8 milKon tons of ore,

equivalent to 0*5 million tons of iron. To these must be added Sydvaranger

in northern Norway, with 0-25 million tons of concentrate containing

some 67 per cent of iron in 1912, and in some years probably some two-

third million tons yearly ; several occurrences worked on a large scale

in the Adirondacks, in the United States ; and perhaps the Torrsten or lean

ores of the Striberg-Norberg type ^ in Middle Sweden. Altogether therefore,

deposits of this class produce to-day some 6 million tons of ore, equivalent

to about 3-5 million tons of iron per year.

The contribution of the difierent classes of deposit to the yearly

production of iron is accordingly represented by the following percentages :

Magmatic / Titaniferous-iron ores .

segregations \^ Iron- and apatite-iron ores
Contact-deposits
Siderite lodes

Other lodes

Metasomatic deposits

fLake- and bog ores

Bean ore .

Oolitic ore .

Blackband- and clay-ironstone

Chamosite and thuringite
Detrital ore

'In fundamental rocks
Roasted pyrite residues, old slags, etc. .

Undetermined ....
This table gives at all events an approximate representation of the

present-day production of iron ore. Since however iron mining is a com-

petitive industry, many important iron deposits for various reasons are

not worked—as for instance the large occurrences in Brazil, owing to the

difficulties of transport, and nearly all the titaniferous-iron occurrences,

for metallurgical reasons—while the blackband- and clay-ironstone deposits,

o^Nang to high cost of production, are only worked on a small scale. The

above summary is nevertheless in some respects very conclusive ; it shows

that the sedimentary occurrences are far and away the most important

of the iron deposits. As will be mentioned later, this is also the case with

manganese. With both metals chemically so closely related, among these

sedimentary occurrences the oohtic ores occur most extensively, these having

been formed in greater part after the manner of the lake- and bog ores.

Many large deposits have also been formed by magmatic differentia-

tion, contact phenomena, deposition as fissure-filhngs, metasomatic pro-

cesses, etc., as for instance, those of Kiirunavaara, Siegerland, Bilbao,

etc. Taking however everything into consideration, the concentration of

iron by these various means is subordinate when compared ^vith that

1 Ante, p. 382.

at most
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brought about on the surface by hydrochemical processes continued through

long periods.

In so far that with all others the sedimentary origin is invariably

of relatively subordinate importance, iron and manganese are unique

among the heavy metals. With many metals, such for instance as

chromium, nickel, tin, etc., no primary deposit formed by sedimenta-

tion is known. The reason of this unique position of iron and man-

ganese is probably due in greater part to the fact that the other heavy

metals occur considerably less extensively in the earth's crust ; more-

over, meteoric waters readily take iron and manganese into solution. With

few exceptions the other heavy metals occur so sparingly in the crust that

in solutions resulting from weathering they occur in very small amount.

Small amounts of nickel, cobalt, zinc, copper, etc., it is true, are found in

recent chemical deposits ; nevertheless, apart from the garnierite- and asbo-

lane deposits which were formed from rocks with relatively high nickel-

and cobalt content, recent chemical deposits of these metals from meteoric

waters appear to be non-existent, or are very subordinate. In order to form

concentrations of copper, lead, zinc, tin, etc., large enough to constitute

useful deposits, more energetic chemical agents are necessary than those

at the disposal of meteoric waters. Those sedimentary occurrences of

copper, lead, zinc, etc., which exceptionally do occur, were probably formed

by the passing of these heavy metals into solution at great depth, such

solution eventually bringing them to the surface ; or they reached the

surface as eruptive exhalations, etc.

THE MANGANESE OEE-BEDS

As already pointed out when discussing the lake- and bog ores,i a

gradual passage occurs between the iron lake- and bog ores on the one side,

and the manganese lake- and bog ores on the other. The rocks of the

earth's crust contain on an average some 40-70 times as much iron as

manganese.^ Both metals upon weathering go equally readily into solu-

tion. Those solutions from which the manganese lake- and bog ores were

deposited probably originally contained therefore in general more iron than

manganese, even when such solutions came from rocks relatively rich in

manganese and poor in iron, such for instance as sand, clay, etc. As already

mentioned, at the oxidation of such solutions iron is precipitated earlier

than manganese.^ In harmony with this it can occasionally be demonstrated

with manganiferous lake- and bog ores that the iron-ochre was precipitated

earlier than the manganese-ochre.

Exceptionally, springs have been known to carry several times as

1 Ante, pp. 982-988. 2 Ante, p. 153. ^ j,;<e, p. 980,
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much manganese as iron. Thus, M. Weibull ^ described spring water at

Alnarp near Lund, which throughout the different seasons generally con-

tained between 4 and 69 mg. of MnO per litre, together with only traces

or occasionally as much as 7 mg. of FeO, a relation equivalent to 0- 1-0-01

of iron, or still less, to 1 of manganese. After having stood in a sealed bottle

for a period of two years a sample of this water was found to have pre-

cipitated a manganese- ochre with 43 per cent of manganese and 1-2 per

cent of Fe, or nearly forty times as much manganese as iron. Weibull

cited other, certainly very exceptional data concerning water containing

relatively much manganese and little iron.

Small deposits of manganese-ochre poor in iron or almost free from

that metal, in glacial detritus and other gravel-deposits, are exceedingly

frequent and have often been described. In this connection we would

refer to a paper by G. de Geer upon an occurrence of manganese-ochre

containing 73-19 per cent of MuaO^, 16-27 per cent HgO, 7-24 per cent of

insoluble residue, and only traces of iron, in the Upsala-As.^

Larger deposits of bog ore and occasionally also of lake ore "«dth a

preponderating amount of Mn and very little Fe are also not uncommon.^

Beyschlag and Michael * describe manganese deposits from the

Alluvium of the Oder near Breslau. F. Katzer^ describes a somewhat

similar occurrence in the flats at the mouth of the river Amazon, where

manganese ore is found in numerous places within an area roughly 1000

km. long and 500 km. \vide. The ore in this occurrence, principally psilo-

melane with some pyrolusite, appears in peaty masses some 6 cm. and

more in thickness. It is frequently accompanied by some limonite and

occurs in sand or sandstone—manganiferous sandstone with manganese

ore as the cementing material—in the present flood area of the Amazon
river, from the waters of which it was deposited. The total quantity of

this ore is considerable, though in no place is it sufficiently concentrated

to be workable. Some analyses of this psilomelane exhibited a strikingly

high barium content, 1 Mn to 0- 19-0-27 Ba, and very little iron; a high

BaO content is also present in one of the previously-mentioned ® deposits

of manganese-ochre ; while the manganese ore of Kutais, Miguel Burnier in

Brazil, Chili, and many other places, likewise contains barium.' iVccordingly,

in the sedimentary occurrences manganese is occasionally accompanied by

a fairly large amount of barium. More rarely some nickel, cobalt, copper,

etc., are found as oxides, and of these apparently more particularly cobalt.^

^ ' Ein manganhaltiges Wasser unci eine Bildung von Bjornstorf in Schweden,' Lninds

Universitets Arsskrift, Afd. 2, Vol. II., 1907 ; and Zeit. f. Untersuchung der Nahnnigs- und
Genussmiitel, 1907, Vol. XIV. Part 6. 2 Oeol. Foren. Fork., 1882, VI. pp. 42-44.

» Ante, p. 984. < Zeit. f. pral-f. Geo!., 1907, p. 153.

* ' Ein eigentiimliches Manganerz des Amazonengebietes, Osterr. Zeit. f. Berg- u.

HiUtenwesen, 1898, Vol. XLVI.
« Ante, p. 985. ' Posiea, p. 1103. » Postea, pp. 1103, 1107.
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In the more recent geological formations a number of manganese ore-

beds are known, which were undoubtedly formed by sedimentation and

must be regarded as old manganese lake- and bog ores or shallow-water

deposits. Of these, the Tertiary occurrences at Kutais containing sharks'

teeth, and at Nicopol, both in Russia and described more fully later on, are

noteworthy. From the tectonics at both places it is evident that the

deposition of the manganese took place in shallow water, probably in

large lagoons and in a shallow sea fairly near the coast. In regard to thick-

ness and amount of ore per square metre of extent, these two Russian

Tertiary occurrences are approximately comparable with the most extensive

of recent manganese bog- or lake ores formed since the Glacial Period. The

Kutais deposit, for instance, yields on an average 0-96 tons of ore mth
50-51 per cent of manganese per square metre on the bed plane, equivalent

to some 1*5 tons when the poorer material is included ; while the small

post-Glacial occurrence of manganese bog ore at Ghtrevand near Drammen,^

contains where thickest about 1 ton of manganese ore with 50 per cent of

manganese, per square metre. A substantial difference however exists in

the total areas of these two deposits ; at Kutais the amount of man-

ganese brought into solution must have been enormous.

At Nicopol gneiss or granite occurs in the immediate neighbourhood

of the deposit, and at Kutais somewhat farther off. The solutions were

probably derived from these crystalline rocks. It must be pointed out that

manganese lodes and beds—not including the metasomatic occurrences

associated with limestone and dolomite—are not particularly associated

with basic rocks, the majority, though not all, occurring in genetic associa-

tion with acid rocks, such as gneiss, granite, quartz-porphyry, etc. ; we

would refer in this connection to a table drawn up by Vogt.^ The acid

rocks on an average carry less iron and manganese than the basic. In the

basic rocks also, iron is concentrated on the whole in relatively larger amount

than manganese, with the result that the relation between iron and

manganese in the acid rocks has, generally speaking, moved in favour

of the manganese. The solutions from acid rocks probably therefore

originally carried as a rule more manganese in relation to iron than

similar solutions from basic rocks.

In the case of the sedimentary manganese occurrences it may in general

be concluded that the solutions originally contained somewhat more iron

than manganese, but that the bulk of the iron together with relatively much

phosphoric- and silicic acid ^ was precipitated comparatively early. In

harmony with this it is found that both the sedimentary manganese de-

posits of earUer formation, such as Kutais and Nicopol, and the present

manganese bog ores, are frequently characterized by a high manganese

1 Ante, p. 984. 2 Zeit. f. prakt. GeoL, 1906, pp. 231-232. =» Atite, p. 980.
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content with only relatively little silicic acid, etc., and by a fairly small

amount of phosphoric acid. From the alternation of itabirite and

manganese ore at Miguel Burnier in Brazil, it may be assumed that both

ores were formed from the same solutions, and in such a manner that at

first principally iron with little manganese, and later chiefly manganese
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Fig. 442.—Diagi'amniatic representation of the genesis of the manganese deposits at

Batesville, Arkansas. Penrose.

/, undisturbed bedding ; JI, III, and IV, different stages in surface disintegration and decomposition.
1, sandstone ; 2, Lizard limestone ; 3, St. Claire limestone ; 4, Boone Chert ; 5, nianganiferous clay.

with little iron, were precipitated. This sequence naturally may have

often been repeated.

Sedimentary manganese occurrences comparable with the recent

deep-sea deposits of manganese nodules likemse occur ; they appear

however to be very rare. We would refer in this connection to the

subsequent description of Cevljanovic in Bosnia.^

1 Postea, p. 1108.
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A totally different origin, namely, by weathering in conjunction with

an eluvial migration of some constituents and a corresponding enrichment

of the manganese, has been investigated by R. A. Penrose in his work,

Manganese, its Uses, Ores, and Deposits.'^ This authority explains the

manganese occurrences at Batesville in Arkansas by the diagrams given in

Fig. 442. There, the Upper Silurian St. Claire limestone possesses for a

limestone a fairly high manganese content. Upon attack, especially by
waters containing carbonic acid, carbonate of lime with some carbonate of

magnesium, iron, and manganese, were removed in solution, while the

remainder of the manganese remained behind as oxide, namely, as psilo-

melane and braunite, together with clayey material. By washing, this

clayey constituent is removed and a saleable product recovered. The
Batesville occurrence from 1850 to 1890 produced 30,000-35,000 tons of

manganese ore, of which the greater quantity was produced in the 'eighties

;

the yearly production was at most only some 3000 tons. It may be taken

for granted that similar deposits were also formed in earlier geological

periods. Economically these deposits are only of subordinate importance.

Among the sedimentary manganese deposits, the manganese bog- or

lake ores and the shallow-water formations probably predominate. The
following analyses of practically clean manganese ore pertain to certain

of the shallow-water deposits :
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The ore marketed is naturally, generally speaking, somewhat poorer

in manganese. According to Holland and Fermor ^ average analyses of

ship-loads of manganese ore have given the following results

:
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Caucasus about 125 km. by rail from Poti, a port on the Black Sea,

and Nicopol in the neighbourhood of the Dnieper about 200 km. from

its mouth.

At the station Kviril a branch line, following the

river of that name, leads from the main railway

Poti-Tiflis to the manganese occurrence at Tschiatura.

There a tableland of Senonian limestone and slate

forms the base for Eocene sandstone, etc., and Olio-

gocene and Miocene sandstone, slate, and limestone.

The beds lie almost horizontal, dipping on an

average 2|° north-east. The manganese ore- bed,

lying near the surface of this plateau, is cut with

extraordinary regularity by the valleys, upon the

slopes of which it is recognizable from afar by its

black colour. It belongs to the Lower Eocene and
lies a little above the contact with the Upper Creta-

ceous. Sandstone occurs both in the hanging-wall

and foot-wall, while sharks' teeth and lizard remains

occur in the ore itself. The whole deposit represents

therefore a shallow-water formation. The thickness

is generally 1- 5-2-4, or on an average 2-1 metres.

Within this thickness 5-12 manganiferous layers of

varying thickness occur in alternation ^^dth marly

sands, which, as illustrated in Fig. 443, in part are also

impregnated with ore. These manganiferous layers

consist of concentric oolites in a matrix of fine-

grained ore. The hard layers contain on an average

56 per cent of manganese, while the softer layers, in

consequence of their association with barren material,

are poorer. The ore as delivered contains mostly

50-52 per cent of manganese—reckoned with ore

dried at 100°—6-8 per cent of silica, only 1 or 2 per

cent of iron, and 0-05-0-17 per cent of phosphorus.

The present surface area of the whole ore-bed, of

which about one-half has been removed by erosion,

is estimated by different authorities at between 120

and 143 square kilometres, so that the area of the

available deposit must be at least 60 square kilo-

metres. Each square metre yields on an average

0-96 tons of ore, and the total reserves on the basis of

the present development have been reckoned at 110 or 115 milhon tons.

This estimate however is said to be too high, since the thickness of the ore

1

Fig. 443.—Section of

the manganese deposit at

Gnenietti in the Caucasus.

Demaret.

1, 5, 7, IS, Miocene sand-
stone ; 2, black coarsely
granular ore in compact
layers ; 3, 4, brown man-
ganiferous sandstone ; 6,
black ore in large grains ; 8,

11, 15, 17, compact ore ; 9,

brown earthy ore ; 10, black
granular ore in compact
layers ; 12, granular ore with
sandstone layers ; 13, fine-

grained ore ; 14, brown
earthy ore with sandstone
layers ; 16, brown earthy ore.
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is subject to variation. At other places in Transcaucasia small manganese

ore-beds, and in some cases lodes, have been found.

The manganese ore-bed at Nicopol belongs to the Oligocene ; it is

horizontally bedded, and has glauconitic clay and sand in hanging-wall

and foot-wall. Immediately beneath the Oligocene, granite or gneiss

occurs, while at Horodizce, 18 km. north of Nicopol, a Tertiary manganese

ore-bed lies almost immediately on granite. The ore-bed at Nicopol, which

is very similar to that at Tschiatura, is 0-3-1-8 or on an average 1-1-5 m.

thick. The superficies of the ore-bearing beds is estimated at 20 square

kilometres, and the ore-reserves are stated to amount to 7-4 million tons.

Kutais from 1848 to 1897—work however has only been on any con-

siderable scale since 1879—^produced 1,682,000 tons of manganese ore, and

up to the end of 1903 some 4,322,600 tons. At Nicopol, from 1886 to

and including 1903, some 753,000 tons were won. Both deposits up to

the end of 1907 had together produced 8-9 milhon tons of manganese ore,

the greater portion of which was naturally obtained from Kutais. The

Russian manganese ore production in the year 1906 was 1,015,686 tons,

from which high figure however it has of late years somewhat fallen.

From the Urals, only one or a few thousand tons are produced yearly.

There are a large number of occurrences the geological conditions of

which agree in the main with the Russian deposits just described.

These however are all considerably smaller though the following are

worthy of mention

:

A bed-like occurrence in recent, practically horizontal beds, mostl}^

of Diluvial and subordinately of Tertiary age, in the neighbourhood of

Ciudad Real in Spain. ^—A section of this occurrence from hanging-wall

to foot-wall gave : 1 m. loam, 2 m. reddish-brown clay, 0-20 m. man-

o-anese ore, 0-60 m. red-brown clay traversed by manganese stringers,

0-30 m. grey clayey material with tuff fragments, 0-10 m. fragments of

manganese ore embedded in clay, and 4 m. red manganiferous red clay,

the manganese being in small concretions. Basalts and basalt tuffs are

found in the neighbourhood, the manganese ores being associated with the

weathering- and decomposition products of these rocks. Secondarily formed

iron ore occurs immediately on the basalt, while the manganese ore appears

somewhat farther removed. ]\Iichael explains this occurrence as a fluvia-

tile deposit formed from the decomposition products of basalt or basalt

tuff. His description however agrees very well ^vith a primary deposition,

during which at first chiefly iron and later chiefly manganese, were pre-

cipitated from solution. The ore, which consists in greater part of psilo-

melane, contains on an average 43 per cent of manganese, while the phos-

1 R. Michael, ' Die Manganerzvorkommen in ilcr Nalie von Ciudad Real in Spanien,'

Ze,it. f. lyrakt. Geol, 1908, ppT 129-130.
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phorus varies between 0-098 and 0*272 per cent. The ore invariably

contains some cobalt, namely, 0-14-0-37 per cent. The occurrence hitherto

has been worked only in opencut.

Strullos in the neighbourhood of Larnaca on the island of Cyprus.

^

—At this place nodules of pyrolusite and psilomelane, and an earthy

manganese-Hmonite formerly ^\idely kno^^^.l as Cyprian umber, are found

associated with Miocene marl, in the neighbourhood of a decomposed

quartz-andesite or quartz-porphyry with attendant tuffs.

The San Pietro island off the south-west coast of Sardinia.-—Within

a series of trachytes or rather trachyte tufis, and red and white clays, occur

two manganese ore-beds, 0-2 and 0-6 m. thick respectively, separated

from each other by 2 m. of clay. The ore, which is chiefly pyrolusite

^vith a little hausmannite, was probably formed by leaching from the tuffs.

The annual production is estimated at 1000 tons of manganese ore.

The island of Milos off the coast of Greece.^—Here a 0-6-1-8 m. thick

manganese ore-bed appears in Phocene clays in the immediate neighbour-

hood of trachyte tuffs, from winch the ore solutions were presumably

derived. The production in the year 1902 was 15,000 tons of ore contain-

ing 45-52 per cent of Mn, 1 per cent of Fe, 8-12 per cent of SiOg, and
0-09-0-10 per cent of phosphorus.

L. Demaret ^ describes several analogous occurrences in Liguria, in

Eocene ; in Tuscany, in Devonian ; and in the Panama Republic, etc. At
the last-mentioned place the deposits according to A. Schmidt ^ are probably

of Tertiary age. R. A. F. Penrose ^ mentions some analogous Tertiary,

though invariably fairly small deposits, at different places in North America.

In this comiection we would also mention the deposits in the Co-

quimbo and Carrizal districts in Chili,'^ where manganese ores form fairly

extensive beds in Jurassic-Cretaceous sandstone, slate, limestone, and
gypsum beds. Immediately in the foot-wall of these occurrences an exten-

sive eruptive occurs. Here also, the manganese ore, pyrolusite with haus-

mannite and some rhodonite, contains small quantities of barium ; the

phosphorus content is low. In the years 1883-1894 Chili exported

altogether 351,792 tons of manganese ore, and in 1894 alone 47,994 tons.

Since that date however the industry has greatly declined.*

1 Bergeat, Die Erzlagerstdtten, 1904, 1, p. 260 ; A. Gaudrj', ' Geologic de I'ile de Chypre,'
Mem. Soc. Geol. de France (2), VII. pp. 191-192.

2 L. Demaret, he. cit. p. 68 ; F. Fuchs and L. de Launay, Giles metalliferes, II. pp. 25-

26 ; G. vom Rath, Sitzungsber. d. N iederrhein. Gesellsch., 188-3, XL. pp. 151-152.
3 L. Demaret, loc. cit. p. 66, Osterr. ZeiL f. Berg- u. Huttenwesen, 1897, XLV. p. 514 ;

Zenghelis, Les Minerais et mineraux utiles de la Grece, 1903. * Loc. cit.

5 Zeit. f. prakt. Geol, 1903, pp. 247-248; see also E. G. Williams, Trayis. Amer. Inst.

Min. Eng., 1902, reviewed Zeit. f. prakt. Geol, 1904, p. 369.
6 Loc. cit., 1891.

' Henry Louis, A Treatise on Ore-Deposits, 1896, p. 878. « Postea, p. 1114.
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The manganese ore-beds hitherto described, like the recent manganese

bog ore, were probably all formed in shallow water. ^ The deposit at

Oevljanovic north of Sarajevo in Bosnia may, on the other hand, be regarded

as a deep-sea formation. The geological position of this occurrence has

been described by F. Katzer.^ The manganese ore, which consists chiefly

of psilomelane rich in barite—with 5-6-5 per cent of BaO—is associated

with highly disturbed Jurassic siliceous radiolarite ; it is also found,

though only exceptionally and economically speaking in insignificant

amount, in the Kadiolarian limestone. The ore sometimes occurs as

separate nodules and lenses, and sometimes in continuous bands, layers, or

even thick beds. Owing to its conformity throughout an area 12 km. long

and 6 km. wide, Katzer concludes a sedimentary origin for this deposit.

He states ' the primary manganese ore nodules may be well explained as

an analogous occurrence to the man-

ganese nodules in the deep-sea clay of

the present oceans. Of these latter it

is stated however that they generally

exhibit concretionary structure, which

with the Cevljanovic hard manganese

ore nodules, apart from the surface

crust, appears to be exceedingly rarely

the case.'

In Bosnia, small secondarily formed

veins or leaders of manganese ore

also occur, though these are of no

economic importance. This country, in

the thirty years 1881-1910, produced

approximately 150,000 tons of manganese ore containing 45-47 per cent

of manganese and but 0-03-0-07 per cent of phosphorus.^

Fig. 444.—Bands of manganese ore in

railiolarite from the Grk mine in Bosnia.

Katzer.

MANGANESE ORE-BEDS IN CRYSTALLINE SCHISTS

The Manganese Deposits of Brazil

LITERATURE

M. Ar-Rojada Lisboa. ' Manganez no Brasil,' Jomal do Commercio. Rio de

Janeiro, June 1898 and March 1899. Reviewed by E. Hussak. Zeit. f. prakt. Geol., 1899, pp.

256-257.-—H. K. Scott. The Manganese Ores of Brazil, Iron and Steel Inst., London, 1900,

1 P. Krusch, ' Uber sine neue Systematik primarer Teufenunterschiede,' Zeit. f. prakt.

Geol, 1911, p. 144.

2 ' Die geologischen Verhaltnisse des Manganerzgebietes von Cevljanovid in Bosnia,'

Berg- und Hiittenm. Jahrb. d. k: k. montanischen Hochsckule zu Leoben, etc., 1906, LIV.

Part 3. 3 Postea, p. 1114.
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No. 1.—0. A. Derby. ' On the Manganese Ore-Deposits of the Queluz (Lafayette) District,

Minas Geraes, Brazil,' Amei\ Journ. of So., 1901, XII.—J. C. Branner. ' Tlie Manganese

Deposits of Bahia and Minas Brazil,' Trans. Amer. Inst. Min. Eng., Sept. 1899.—P. Calo-

GERAS. As Minas do Brasil, Rio de Janeiro, 1905, Vol. II. pp. 281-349.—E. Hussak,
' tjber Atopit von Miguel Burnier, Minas Geraes,' Zentralbl. f. Min. Geol., 1905, pp. 240-

245 ;
' tJber die Manganerzlager Brasiliens,' Zeit. f. prakt. Geol. pp. 237-239.—P. Krusch.

Untersuchung und Bewertung von Erzlagerstatten, 1st Ed. p. 549, Stuttgart. See also

literature on the Brazilian itabirite, cited on page 1060.

In the manganese ore-bearing formation stretching from Barbacana

to Ouro Preto in the province of Minas Geraes, two districts may be distin-

guished, namely that of Miguel Burnier at Kilometre 498 on the central

railway, and that of Lafayette, Queluz, at Km. 463. The most im-

portant deposits are marked on the map constituting Fig. 320.

In the first district the deposits ocour in close association with the

presumably Cambrian itabirite ^ which often includes manganiferous iron

ore-beds. An alternation of limestone, itabirite, and manganese ore-beds,

Fig. 445. -Section of the niaiiganese deposit of Miguel Burnier at 502 km. in Minas Geraes,

Brasil. Kilburn Scott.

1, phyllite, greatly decomposed, iiiieaceous and containing but little quartz ; 2, white limestone ; 3,

manganiferous iron ore ; 4, clean manganese ore ; 5, itabirite and jacutinga ; 0, grey limestone ; 7, phyllite

;

S, Alluvial canga.

as illustrated in Fig. 445, is also frequently met. These manganese ore-beds

were in all probability precipitated from carbonate solutions. The ore

at Miguel Burnier, with an average manganese content of 50 per cent and

a maximum of 55 per cent, is nearly always friable and therefore very

hydrous, the water usually amounting to 14-20 per cent
;
generally it is

poor in phosphorus and quartz, containing only 0-05-0-07 and 1-3-5 per

cent respectively.

In the district of Lafayette the itabirite is completely absent, and the

manganese beds come in direct contact with granite-gneiss. The ore occurs

here together with spessartine, the manganese-alumina garnet. Near the

contact the spessartine occurs in alternating layers with others of pre-

ponderate rhodonite, and with distinct schistose structure.

0. A. Derby in 1901 regarded these manganese deposits as magmatic

segregations ; E. Hussak in 1906 considered however that they were

sedimentary beds which had been contact-metamorphosed by the eruptive

1 Ante, p. 1060.
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gneiss, spessartine being formed which later became decomposed, man-

ganese oxide resulting ; while from the descriptions it may be that they

were formed similarly to the deposits at Langban in Sweden, namely, by

increase of manganese during contact-metamorphism.

In Brazil, manganese mining began about the middle of the 'nineties.

In 1894 the export was only 1430 tons, an amount which increased in 1900

to 127,343 tons, and in 1904 to 216,463 tons ; while latterly the annual

production has amounted to about 250,000 tons. Altogether, from the

commencement of export in 1894 to the end of 1910 about 2,110,000 tons

of manganese ore have been exported.

Beitish India

literature

Princiiial work by L. Leigh-Fermoe. ' The Manganese Ore-Deposits of India,' 3 parts,

Geol. Survey of India, Mem., 1909, XXXVII., also several other treatises by Fermor.

—

Th. H. Holland and L. L. Fermok. Geol. Survey of India, Records, 1910, XXXIX.

—

L. DE Launay. La Geol. et les richesses minerales de I'Asie, Paris, 1911, p. 696.—P. Krtjsch.

Untersuchung and Bewertung von Erzlagerstatten, 1st Ed. p. 461. Stuttgart, 1907.

The numerous and widely distributed manganese deposits in British

India have of late years given development to a flourishing industry.

These deposits, according to Holland and Fermor, belong to difierent

geological formations, thus :

1. Occurrences in association with the so-called Kodurite series, this

consisting of manganiferous eruptive intrusions in the fundamental rocks.

Of these rocks, kodurite, consisting principally of potash felspar, spandite

—garnet with a composition between spessartine and andradite—and some

apatite, is especially typical, while, in addition, rhodonite and two or

three other manganiferous pyroxenes also occur. Very large lenticular ore-

bodies containing psilomelane, pyrolusite, braunite, manganese-magnetite,

etc., occur in places.

The genesis of these ores is questionable
;
possibly they are of meta-

somatic formation. Such deposits occur at Ganjam, Vizagapatam district,

Madras. The Garbham mine ^^4th an ore-body 1600 ft. long and 100

ft. wide, from before 1896 to 1908 produced altogether 600,889 tons of

ore, and the Kodur mine from 1892 to 1908, some 306,170 tons.^

2. Occurrences in the so-called Gondite series, these being conformable

beds in the Dharwar horizon of the fundamental rocks, and regarded as

metamorphosed manganese sediments. Deposits . of this kind are found

at numerous places in Bengal,^ Bombay,^ Central India,'* and in the Central

Provinces.^ The original sediments were partly mechanical, namely, sand

^ Ante, p. 110-t. ^ Gangpur. ^ Panch Mahals. * Jhabua. * Balaghat, Nagpur.
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and clay, these now being represented by quartzite, mica -schist, and

phyUite ; and partly chemical, namel}^ manganese oxides. There are

two types of manganese ore-bed, namely, manganese ore-beds proper, and

such as have been formed from a mixture of sand, clay, and manganese-

ochre, and which to-day are represented by spessartine, rhodonite, etc.

The spessartine-quartz rock, known as gondite, plays an important part

and has given its name to the whole series. In addition, rocks consisting

of spessartine and rhodonite, or rhodonite and quartz, etc., also occur.

The ore-beds often reach a considerable length along the strike, 2-4, 2-8,

and even 9-5-10 km., and in many cases also a great thickness, as for

instance 30 m. of clean ore. Of the total manganese ore production of

India, namely 579,231 tons, 916,770 tons, and 680,135 metric tons in the

years 1906, 1907, and 1908 respectively, more than 400,000, some 500,000,

and some 450,000 tons respectively, or somewhat more than one-half, were

derived from this sedimentary series. The occurrences were formerly

worked almost exclusively in opencut ; now however, deep mining has

begun. The ore consists principally of braunite and psilomelane. As

won it generally contains 50-55 per cent of manganese, 4-8 per cent of

iron, 4—8 per cent of silica, this being contained principally in the braunite,

and 0-07-0-14 per cent of phosphorus.

^

Manganese ores are also found in the Archaean limestone of the

Dharwar horizon. Such were probably formed by metamorphism from

calcareous sediments and manganese-ochre ;
^ in regard to genesis they

are therefore analogous to the manganese ores in the Gondite series. They

are however only of subordinate importance.

3. Occurrences of the Laterite or Lateritoid Series.—These are found

at the outcrop of different manganiferous rocks of the Dharwar horizon in

various places in Bengal, Bombay, the Central Provinces, Goa, Madras,

and Mysore. These ferruginous and manganiferous deposits are cavernous

and show great similarity to the ordinary laterite. They are responsible

for only a fraction of the manganese ore production of India.

Almost all the Indian deposits lie fairly distant from the coast,

involving thereby high transport costs. From 1897 to and including 1909,

British India produced altogether 4,052,000 tons of manganese ore, to

which must be added a small amount for the years 1892-1896. Of late

years the Indian production has at times surpassed that of Kussia.^

Beds of manganese ore and manganese-iron ores in crystalline schists

occur also in other places : for instance, a manganese iron ore-bed described

by F. Kossmat and C. v. John * at Macskamezo in northern Transylvania,

where different ferro - manganese silicates— knebelite=Mn-Fe olivine
;

1 Ante, p. 1104. 2 Holland and Fermor. loc. cit, 1910, p. 164.

3 Postea, p. 1114. * Zeif. f. pmkt. GeoL, 1905, pp. 305-326.
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dannemorite =Mn - Fe hornblende; and spessartine— masses of rhodo-

chrosite, and in places manganese-magnetite, occur in Archaean mica-

schists. The bed material is generally distinctly stratified, more

particularly in those places where bands of the different constituents,

magnetite or rhodochrosite, alternate with silicates. The occurrence is

regarded as a regional-metamorphosed metalliferous sediment. At the out-

crop the rhodochrosite especially, has given rise to an extensive secondary

formation of manganite and limonite.

In the afore-cited paper an analogous deposit at Jakobeny in Buko-

vina is also mentioned, where beds of rhodonite containing disseminated

rhodochrosite and quartz are embedded in quartzose mica- or sericite-schists.^

In alternation with the ore, mica-hornblende schists occur. At the outcrop,

rhodonite and rhodochrosite are decomposed to manganite, upon which

mining operations on a moderate scale are proceeding.

MANGANESE ORE-DEPOSITS OF QUESTIONABLE GENESIS

The Rhodochrosite-Khodonite Deposit in the Huelva District

LITERATURE

HoYER. ' Bcitrage zur Kenntnis der Manganerzlagerstatten in der spanischen Provinz

Huelva,' Zeit. f. prakt. Geol., 1911, pp. 407-432.

In this district, illustrated in Fig.

217, are found, in addition to the

famous pyrite deposits already de-

scribed,^ several hundred manganese
deposits. These are conformably

interbedded in clay-slates and por-

phyroids, where they form lenticular

bodies having frequently great thick-

ness in proportion to length and
depth. They consist of banded,

compact, or irregular - coarse car-

bonate-silicate manganese ores with

jasper and hornstone. In the neigh-

FiG. 446.-Section tlrougb the manganese bourhood of the surface, the Ore, as

deposit at Castillo de Palauco in the Huelva illustrated in Fig. 446, is Oxidized.
oje . rji^^

lenses are seldom more than 150
Af=primaiy ore ; 3/2= weathered ore ; E= feiTU- m. long and haVC aU aVCragC depth

ginous nuartz ; r= clay-slate ; X) = aiabase. ^
.

of 30 m., though this dimension

1 Br. Walter, ' Die Erzlagerstatten der siidlicheu Bukowiiia,' Jahrb. d. I: k. geol.

ReichsansL, 1876, Vol. XXVI. pp. 372-376, ^ Ajite, pp. 315-327,
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occasionally reaches more than 100 metres. They almost invariably occur

in Culm beds and belong, at all events in part, to this formation. They

are spacially closely connected ^^dth the Huelva eruptive area, and

according to Hoyer are probably associated with effusive diabase. Sub-

sequent to their formation they have suffered tectonic disturbance.

The most important primary minerals are rhodochrosite and rhodonite,

with which a manganiferous garnet also often occurs. Quartz is always

abundant, while light-coloured mica and in places chlorite, are likewise

present. The ore is accompanied by jasper which often occurs in

considerable amount. According to Hoyer, the occurrences may be

explained syngenetically by sedimentation, or epigenetically by meta-

morphism and cavity filling. He considers the former as being more

probable. Vogt, who in 1896 visited some of the manganese mines,

and Krusch later, obtained the impression, on the other hand, that the

deposits were epigenetic. The true genesis is therefore a very open ques-

tion ; deposition from springs may perhaps also be considered.

The occurrences were originally worked in the middle of the nine-

teenth cenury, though only on a moderate scale, for a manganite ore

—

pyrolusite wth some psilomelane, manganite, wad, etc.—at the oxidized

outcrop. At the beginning of the 'nineties the primary rhodochrosite-

rhodonite ore, poor in iron and containing sulphur and phosphorus, began

to be mined, and the production in some years, 1897-1900, reached

100,000 tons per year. Subsequently however, operations greatly declined,

till now they have almost stopped. According to Spanish statistics pub-

lished in The Mineral Industry, in the years 1881-1909 altogether 837,000

tons of manganese ore were mined in Spain, practically all of which came
from the Huelva deposits.

[Table



1114 ORE-DEPOSITS

Table of the Manganese Ore Production and its Distribution

AMONG the Various Classes of Deposit

The following statistics are taken from The Mineral Industry ^ and

from Krusch's Versorgung Deutschlunds mit Erzen, u.s.w., Leipzig, 1913,

p. 167.

The World's Manganese Ore Production in Metric Tons

1882.
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least 75-80 per cent of the total manganese ore production comes from

the sedimentary deposits. The remainder is distributed among lodes,

metasomatic deposits, and contact-deposits.^ Manganese ore is used now
almost exclusively for the production of ferro-manganese, though small

amounts are employed for the production of chlorine and for colouring

glass, etc.

THE COPPER-SHALE BEDS

The German Zechstein formation, to which the copper-shale now
only worked in the Mansfeld district, belongs, is known for the copper

content of certain of its beds. Only the bituminous marl-shale bed,

known as the Kupferschiefer, a few decimetres thick, is of economic im-

portance, though the marl and clay above, and the Zechstein conglomerate

below, are in some places cupriferous.

The Kupferschiefer is the second oldest member of the Zechstein

formation, the Zechstein conglomerate constituting the actual foot-wall of

that formation. This conglomerate however, being the basal conglomerate

formed by the transgression of the Zechstein sea, is not continuous, but is

found frequently only in depressions of the bed-rock, so that the Kupfer-

schiefer is the lowest complete Zechstein bed. Where this rests immediately

upon the Rotliegendes conglomerate this conglomerate is frequently

bleached and then more aptly described as Grauliegendes or Weisshegendes.

The hanging-wall of the Kupferschiefer is formed by Zechstein limestone,

likewise belonging to the Lower Zechstein.

Strictly speaking, the bituminous shale should only be termed Kupfer-

schiefer when the copper content is considerable. In ordinary use how-

ever the term is frequently applied to the geological horizon concerned,

irrespective of the actual copper content. The distribution of the

copper along this horizon is in no sense regular. While in the Mansfeld

Syncline and in the Riechelsdorf Hills the copper content on an average

is approximately 3 per cent, along the south and west borders of the

Thuringian Forest it is only 1 per cent, and in Westphalia the same

bituminous shale is practically without copper. The extensive though

much broken Kupferschiefer of North Germany possesses therefore only

in the two first - mentioned places a copper content high enough to

warrant its description as copper ore. It must be pointed out that the

fine state of division of the copper in the Kupferschiefer, unlike all other

ores of similar content, does not permit the production of a concentrate by

ordinary concentration processes. Kupferschiefer containing 3 per cent

1 Ante, pp. 388, 394.
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of copper cannot therefore be quite compared with another copper ore of

the same content.

The form of the Kupferschiefer is as a rule that of a more or less

inclined bed, the thickness of which, though never more than 50-60 cm.,

may vary considerably. The distribution of the ore in this bed has always

been a point of the greatest interest to miners and geologists. It has been

shown, for instance, that in section the copper content is everywhere greatest

at the bottom, from whence it gradually decreases towards the hanging-

wall. The extent of enrichment at the bottom is however just as variable

as the rate of decrease towards the top
; these two factors determine the

actual thickness mined. Since the bitumen content is likewise greatest

towards the bottom, a certain parallelism exists between its distribution

and that of the copper. The copper however is occasionally not con-

fined to the Kupferschiefer, but extends also into the foot-wall, that is,

into the Zechstein conglomerate or Weissliegendes ; the thickness of such

impregnation in the foot-wall may reach as much as 10 centimetres.

The Zechstein formation is crossed by a number of fissures which when
metalliferous constitute lodes. As stated when discussing the genesis of

these lodes, the relation between the copper content of the Kupferschiefer

and the proximity of the lodes is in so far important, that in many places a

special concentration of ore along the lodes, and conversely a decrease in

the copper content with distance from them, can be demonstrated. This

fact is of importance in the determination of the average copper content,

since samples taken from the immediate neighbourhood of the lodes generally

exceed the average.

The copper in the Kupferschiefer exists principally as chalcopyrite,

chalcocite, and bornite. The regional distribution of these minerals varies,

in that \\ath districts having a high average content, as in the neighbour-

hood of Mansfeld and Eiechelsdorf , chalcocite and bornite predominate, while

in districts poor in copper, chalcopyrite is the principal mineral. Similarly,

the distribution in the bed itself is seen even with the naked eye to be

irregular ; thin layers of mineral lie approximately along the bedding,

veins cross the bedding, \\iiile finally here and there small nests occur.

Under the microscope it is further seen that the fine shaly material also

contains metalliferous grains more or less thickly distributed. Un-

fortunately the bottom and richest bed, in which the miner makes his

undercut, is decomposed to such an extent that microscopic examination

of thin slides is impossible.

Apart from the copper, the likewise very variable silver content is

noteworthy. In the Mansfeld district this sometimes reaches 250 grm.

per ton, or on an average some 0-55 parts of silver to 100 parts of copper
;

in Thuringia, only a minimal silver content exists ; at Riechelsdorf the
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average is 40-50 grm. per ton ; while, curiously enough, in WestphaUa,

where very Httle or no copper occurs, a silver content of some 10 grm. is

present. Since in spite of great difference in silver content the copper

content at Riechelsdorf and Mansfeld is approximately the same, while at

places in Westphalia silver occurs without copper, the conclusion is justified

that the silver is not necessarily associated with the copper but may also

Fig. 447.—Extension of the Ujiper Zeclisteiu including the Kupfer.scliiefer, in Germany.
Oeol. Landesanst. Berlin.

occur with other minerals, as for instance—according to investigation by

Krusch in Westphalia—with pyrite.

Zinc is also characteristic of the Kupferschiefer. Taking into account

not only the thickness mined but also the overlying thicknesses poorer

in copper but frequently richer in zinc, these two metals occur in approxi-

mately equal amount. .

The question of the genesis of the Kupferschiefer is one of the

most difficult problems in ore-deposition. Two opposite views exist.

While some authorities hold with the syngenetic origin, that is, simul-

taneous formation of the ore and shale, others regard the copper
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content as epigenetic, or younger than the shale. J. S. Freiesleben

and A. v. Groddeck in 1879, and A. W. Stelzner and A. Bergeat in 1904,

regarded the Kupferschiefer as one of the most typical examples of sedi-

mentary deposits. Posepny in 1894, Beyschlag in 1900, and Krusch, on

the other hand, defended the epigenetic origin of the copper content.

In support of the older view of syngenetic sedimentation, the large

presumably regular and continuous extent over districts lying far apart

—

the distance in a straight line between Goldberg in Silesia and Bieber on the

Spessart is some 500 km.—was formerly quoted, and the presumed con-

formity thereby emphasized. Beyschlag however in 1900 showed that this

property belongs only to the shale bed, and not to the copper minerahzation.

The investigations of Krusch in Westphaha have in recent years shown
that the fluctuations in the copper content along the strike are more

pronounced than was formerly realized, while the afore-mentioned differ-

ences in the silver content tend still further to shake the idea of conformity.

In fact, the copper, silver, and zinc contents are not only fairly different

in such different districts as the Harz, Thuringia, and Hesse, but, apart

from such local fluctuations as occur along the previously mentioned

fissures, considerable differences in content are found in one and the

same district, as for instance at Mansfeld.

Beyschlag and Krusch hold the view therefore that the metalliferous

content of the Kupferschiefer is later than the sedimentation of the shale,

and that it accordingly represents a subsequent impregnation. According

to them the circulation of the primary solutions took place along the

intersecting fissures and along the contact between the Kupferschiefer

and the conglomerate in the foot-wall. For this view the pronounced

decrease of copper with distance from those fissures speaks, as does also the

decomposed condition of the lowest portion of the ore-bed. The impregna-

tion of the foot-wall is no hindrance to the acceptance of this view, since

this impregnation could have been brought about just as well secondarily

by solutions circulating above the immediate foot-wall, as primarily by a

cupriferous Zechstein sea. Nor does the occurrence of cupriferous and

native-silver fossils in any way necessitate the view of a syngenetic forma-

tion, since these are just as readily explained by epigenetic processes. On
the other hand, the cross bedding or ramification of small mineral veins in

the ore-bed, indicates an epigenetic genesis. When the metalliferous layers

of the ore-bed are carefully studied it is often seen that even these in no

sense exactly follow the bpd in strike and dip, but that the agreement in

these particulars is only general ; such layers often cross the bedding,

though naturally at a very oblique angle.

By the acceptance of the epigenetic view of the genesis of the copper

content all other essential phenomena of the occurrence may be explained.
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That the form of the deposit is that of an ore-bed is explained by the

well-known reducing effect which bituminous substances produce upon

mineral solutions. The bitumen of the bed, so far as it existed, could

have brought about the precipitation of the copper from solution.

The minerals, in character, are those usually found in the cementation

zone of copper deposits. Krusch considers that chalcopyrite and cupri-

ferous pyrite were the primary ores. The former occurs to-day as the

dominant ore in the Thuringian Kupferschiefer at Schweina, while pyrite

may be detected by the microscope in the bituminous shale of Westphalia.

From ordinary pyrite poor in copper, cupriferous pyrite afterwards resulted

from the play of the various cementation processes. These processes,

which effected displacement of the original content by descending

solutions, obscured the genetic conditions which governed the primary

deposition of the ore from ascending solutions.

Earlier authorities who endorsed a sedimentary genesis quoted in its

support, among other things, that the Permian time in Europe was char-

acterized by considerable volcanic activity, and that thereby, at different

places, certain metallic salts of copper, silver, and zinc, were added to

the sea-water. They regard as a sediment not only the Kupferschiefer

but also the copper-sandstone in the Perm government, Kussia. Such a

general distribution of sedimentary copper deposits in Permian time

appears however very questionable. In such sedimentation it was con-

sidered that the precipitation of ore was brought about by means of

sulphuretted hydrogen arising from the decomposition of the abundant

remains of fish and other organisms. The numerous fossil fish

—

Paloeoniscus

and Platysomus—found in the Kupferschiefer are, as is well known,

often distorted, a phenomenon considered to indicate that they were

poisoned by the sudden entry of copper salts into the sea. This is however

not convincing, since similar distorted fossil fish are frequently found

outside of the Kupferschiefer, and in any case almost every dead fish

becomes distorted by gases arising at its decomposition.

The adherents of the syngenetic theory find it impossible to refer

the metalliferous content in copper, silver, zinc, etc., to the small amounts

of these metals ordinarily contained in sea-water, but have to explain that

content by local, ascending, concentrated increment of heavy-metal salts,

probably in association with the Permian eruptions. In such a manner

the difference of content at different places in the shallow Permian sea is

explained.

It appears questionable however whether it is necessary at all to hold

that precipitation was effected by sulphuretted hydrogen. It would be

more simple, as suggested by E. Kohler,^ to assume adsorption. The

1 Zeit. f. prakt. Geol, 1903, pp. 55-56 ; and ante, p. 974.
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settling organic substances, clay particles, etc., would of themselves adsorb

the salts of copper, silver, zinc, etc., even from very weak solutions and bring

them to the bottom, where, by sulphuretted hydrogen arising from organic

decomposition or by the reduction of sulphates by organisms, they would

be converted to sulphides. Such an adsorption would be a function of the

quantity of the settling material, and this may have varied at different

places. There would accordingly, even upon the assumption of a sedi-

mentary genesis, be no necessity to expect absolute conformity. Generally

speaking, the copper content as well as that of the bitumen is greatest in

the bottom layers of the shale bed ; the zinc content, on the other hand,

is frequently greater in the upper layers. Upon the assumption of a

syngenetic origin these facts however can readily be explained by pre-

cipitation by selective adsorption.^

The oft-recorded enrichment of the copper along the intersecting lodes

is however difficult to explain by the syngenetic theory. These lodes

represent quartz-barite fissure-fillings containing cobalt-nickel ores, especi-

ally arsenides, but with little copper or zinc. The relation between

copper, silver, and zinc, on the one side, and cobalt-nickel on the other, is

therefore in these lodes quite different from that in the Kupferschiefer.

Along these lodes in many places, especially in the Mansfeld district,

an enrichment has taken place, not however in the sense that the usual

copper-bearing bed has become richer, but that a somewhat higher-lying

bed contains bean- or kidney-shaped compact nodules consisting of chalco-

cite, bornite, chalcopyrite, and pyrite.^ In other places a diminution of

the copper content is experienced, while in others again no change what-

ever is recorded. At Schw^eina in Thuringia it is usual to find that the

whole bed has been enriched ; the case of Eiechelsdorf is mentioned later.^

Admittedly, as Bergeat has pointed out, under the assumption of a sedi-

mentary origin a change in the copper content along the lodes can

also be explained by secondary processes ; solutions circulating through

the fissures could have forced their way into the copper-shale and have

effected a re-distribution of the metalliferous content. It is difficult

however to explain in this manner the frequent enrichment.

Several objections, it is true, may be raised against the view that

the heavy metals of the Kupferschiefer were transported epigenetically

by infiltration from the lode fissures. In the first place it appears difficult

to understand how in this manner, over districts far apart, only the thin

bituminous shale and none of the other beds cut by those fissures were

impregnated with ore. And secondly, how the mineralization of the

1 Ante, p. 975.

^ ' Die Mansfeldische Kupferschiefer Gewerkschaftzii Eisleben,' Festschrift, 1007, p. 19.

• Postea, p. 1129.
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Kiipferschiefer should be so regular over large districts, and should for

miles be characterized by copper mth some zinc in the lower beds, and
zinc with a little copper in beds a little higher. The relation of copper-

zinc-silver to cobalt-nickel is also quite different in the Kupferschiefer

from that in the cobalt lodes. While finally, Vogt points out that

outside of Germany there are other occurrences comparable mth the

Permian Kupferschiefer, which have to be explained, though, it is true,

most of them contain but little copper.

Thus, J. Kiar ^ describes, at Ringerike in the neighbourhood of

Christiania, beds of a more or less sandy clay-slate, interbedded in sand-

stone and exceedingly rich in Upper Silurian fish and other fossils. He
particularly emphasizes the fact that the thin bed containing most fish

invariably also contained copper, though the amount was only 0-17-0'23

per cent. In this case Vogt considers that only a simultaneous deposition

of material rich in copper and fish could be assumed. With fair prob-

ability the case here may be explained by adsorption.

The economic importance of the Kupferschiefer is based on both

copper and silver, though in two districts only, namely, Mansfeld and
Riechelsdorf , can the ore be regarded as in any way rich. The ore belongs

to the class of self -fluxing ores, that is to say, after roasting it can

be smelted \\dthout the addition of any flux. Experience has nevertheless

shown that a profitable treatment, in the present state of metallurgy, is

only possible with high copper prices.

* Mansfeld
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1899; ' Beitrag zur Genesis des Kupferschiefers,' Zeitschr. f. prakt. GeoL, 1900, p. 115.

W. Bruhns in collaboration with H. Bucking. Die nutzbareii Mineralien und Gebirgs-

arten im Deutschen Reiche, Berlin, 1906, revised by v. Dechen.— Die Mansfeldisehe

kupferschieferbauende Gewerkschaft, IV., Allgemeinen Deutschen Bergmannstages zu

Halle a. d. S., 1889 ; X. ibid., Sept. 1907.

The centuries-old important copper industry in the two Mansfeld

districts commenced around the borders of the syncline where the Kupfer-

schiefer came to surface. At present it is limited to the western portion

of the syncline at the foot of the Harz mountains.

The Mansfeld syncline, the birthplace of modern stratigraphy, owes

its name not only to the well-defined syncKnal tectonics but to some extent

also to its orographic figure. It rests with its western border upon the

eastern Unterharz, and from the neighbourhood of Annarode sends through

Blankenrode and Bischofsrode, to Hornburg, an orographically and geo-

logically equally well-defined outlier, the so-called Hornburg anticUne,

which terminates the syncline to the south-east. At its northern boundary

it connects the extreme northern outliers of the Harz near Walbeck—by way
of Hettstedt, Gerbstedt, and Friedeburg, the so-called Hettstedt mountain

bridge

—

vnih the Carboniferous-Rotliegendes hills of Wettin and Halle,

on the other side of the Saale. The heights of the porphyry mountains,

which from Halle through Krolhvitz, Lettin, Brachwitz, and Wettin, flank

the Saale, form the north-east border of the syncline, which there also

is orographically well defined. The northern rim in the neighbourhood

of Gerbstedt and Hettstedt is least well defined. Towards the south-east

the syncline orographically and geologically is open. In addition to

erosion, the ages-continued, natural leaching of the salt- and gypsum beds

underground—such leaching being associated with the Tertiary folding

—has had its influence upon the orography of the district, in producing wide

areas of surface depression.

In the construction of the syncline, the Devonian of the Unterharz,

the Carboniferous, and the Lower Rotliegendes form the basement, while

filling the syncline are found Upper Rotliegendes, Zechstein, Bunter, and

Muschelkalk, all conformable and regularly bedded. Tertiary beds are

represented by small surface coverings economically important by reason

of the lignite they contain.

The basement beds also are in the form of a syncline, with synclinal

axis striking north-east, while the Mansfeld syncline strikes north-west.

The latter is so inserted in the basement that the beds of the Upper

Rotliegendes in very variable thickness first filled the irregularities, and

on the floor thus made even, the interesting marine beds were afterwards

deposited.

The Zechstein formation in the Mansfeld district is, from top to

bottom, divided into three divisions, namely, the Upper Zechstein consisting
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from hanging-wall to foot-wall of Zechstein clay, the younger salt series

with the main anhydrite, the grey saline clay, the older salt series with

the potassium horizon, the older rock-salt, and the basal anhydrite ; the

Middle Zechstein, consisting of the oldest salt series with rock-salt,

anhydrite and residual material, and dolomite ; and finally, the Lower
Zechstein, made up of Zechstein limestone, the Kupferschiefer, and
Zechstein conglomerate.

The Zechstein conglomerate is frequently difficult to distinguish from

the so-called Weissliegendes, the name given to bleached Kotliegendes.

The uppermost layer of the Zechstein conglomerate is in places cemented

£ g
Zechstein.

piva-tfaf

KupfersL-hiefer enrichment
(exaggerated).

Kotliegendes.

Fig. 448. -Section across the Mansfeld Syncline at Eislelien, showing the enrichment along

the cobalt fissures. Festschrift, 1907.

by a siliceous material, when it is known as the Hornschale. The Kupfer-

schiefer consists of bituminous, blackish, marly shale, of compact, finely

bedded character and of considerable soKdity, fresh pieces ringing when

struck ; only at the outcrop is it friable and crumbly. Along the strike

the bitumen content in the shale remains fairly constant, but, as stated

already, it is higher in the lower layers than in the upper.

Within the Mansfeld synchne the miner differentiates the various

layers of the Kupferschiefer as well of the Zechstein limestone in the

immediate hanging-wall, in great detail. Along the north border of the

syncline, in the neighbourhood of Hettstedt, the layers, and consequently

the names, are somewhat different from those along the west border from

Eisleben to Helbra. This difference is shown in the following table :

VOL. II 2r
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Iforth border, Hettstedt. West border, Eisleben.

Roof of Zechstein limestone. Occasional mineralization, particularly in the neighbour-

hood of the cobalt lodes, in the form of small bean-sized compact chalcocite nodules.

12-16 cm
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and in part without the Kammschale, seldom however the Kopf. The
thickness mined varies in the first districts betw^een 7 and 10 cm., in

the last between 8 and 17 centimetres. In the neighbourhood of the

cobalt fissures, especially in the Eisleben district, the Schwarze Berge and

the roof material up to the Fdule are cupriferous, the copper ore occurring

there in nodules.

The influence of the cobalt fissures and other faults upon the copper-

shale at Mansfeld is to produce an increase or decrease in the metal

content, not only immediately at the fissure but also at some distance

therefrom. In the Eisleben district, as illustrated in Fig. 448, the fissures

effect an enrichment of the ore-bed, while at Hettstedt the opposite is the

case. On an average the Kupferschiefer of the Mansfeld districts

proper, between Gerbstedt and Eisleben, contains 2-3 per cent of copper

and 5-5 kg. of silver per ton of copper. The ore-bed along the whole of

the northern rim as well as around the crest of the Hornburg anticline

is poorer, and probably carries on an average hardly 1-5 per cent of

copper, the amount of silver per ton of copper remaining as above.

In the neighbouring Sangerhausen district, adjoining the south border

of the Harz and separated from the Mansfeld syncline by the Hornburg
anticline, mining is at present practically stopped. In this second district

the mineralization extends along the Weissliegendes, upon which, the

Zechstein conglomerate being absent, the Kupferschiefer immediately

rests. In the best case this mineralization consists of a 7 cm. wide im-

pregnation of the Weissliegendes, with, chalcopyrite and some chalcocite,

and their decomposition products, malachite and azurite. The ore-bearing

layer is known as ' yellow band ' ; it contains 5-10 per cent of copper.

The lower -grade ore is described as 'sand ore.' In the Eisleben and
Hettstedt districts sand ores are found isolated and sporadically.

Apparently in those districts only occasional fissures were favourable

for the formation of such sand ore.

The fissures associated with and intersecting the Kupferschiefer are

either barren or they contain rich accumulations of ore, principally of

copper and nickel. The ore as a rule is confined to the vertical space

between the two faulted portions of the Kupferschiefer.

The following analyses taken from the previously cited Mansfeld

Festschrift of 1907 complete this description

:

[Table
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1891.—Nos. 7-8, Matte slags from the Krug and the Koch works, 1903. The analyses

of matte slags give fairly exactly the composition of the shale bed after deducting the carbon-

dioxide, the bitumen, and the metalliferous minerals.—Nos. 9, 10, and 11, average assays,

1906, from the Krug, Eckard, and Kupferkammer works.—Nos. 12 and 13, Furnace-refined

copper.

From these and numerous other analyses it is reckoned that the ratio of copper to silver

is 100 Cu : some 0-55 Ag ; that in the Kupferschiefer as a whole there is approximately the

same amount of copper as zinc ; much less lead than zinc ; some 60—100 times as much
copper as nickel and cobalt together ; and about the same amount of nickel as cobalt.

Mining operations at Mansfeld began in 1199 or 1200, and on June

12, 1900, the seven-hundred-years' jubilee was celebrated. At the

beginning operations were on a fairly small scale. With time, however,

they have so increased that Mansfeld is now the second largest copper-

producing district in Europe, Rio Tinto in Spain being the first. In

addition, Mansfeld is without doubt the largest silver producer in Germany.

The copper production during the period ^ 1779-1877 amounted to 130,000

tons, that of 1878-1893 to 180,000 tons, and that of 1894-1907 to 280,000

tons. Including the earlier production and that of recent years, the

total is some 800,000 tons. In the year 1906 the area exhausted reached

a total of 1,509,008 square metres. From every square metre, on an

average 0-458 tons of smelting ore yielding, as reckoned from the matte,

3-01 per cent of copper and 0-166 per cent of silver, was obtained, these

figures being equivalent to 13-8 kg. of copper and 0-76 kg. of silver per

square metre. The development of the industry in the last fifty years

may be gathered from the following figures of production

:

Production of Mansfeld ]\tiNES
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Othek German Copper-Shale Deposits of the Mansfeld Type
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The extent of the Kupferschiefer in Germany coincides ^vith the

former extent of the Zechstein sea, which stretched not only over the

district of Mansfeld but also over the western parts of North and Middle

Germany and far into Holland. Concerning the northern shore in Germany

and the western in Holland, no evidence is forthcoming. The southern

shore was in the neighbourhood of the present Odenwald and Spessart,

from whence this sea extended eastwards, through the Frankenwald,

Saxony, and the neighbourhood of Lowenberg in Silesia, to the Russian-

Poland boundary and the north-east of East Prussia. All the districts

within these limits, including the Mittelgebirge, the Thuringian Forest,

the Harz in part, and the country around the present Mansfeld syncline,

etc., were covered with Zechstein sediments. The present extent is con-

ditioned by subsequent erosion. The division of the originally uniform

marine Zechstein sediments into separate large synclines and basins took

place principally during the Tertiary period, at the formation of the

Mttelgebirge. At these orogenies also the Mansfeld syncline became

separated, on the one side from the large sub-Hercynian Magdeburg-

Halberstadt synchne, and on the other from the South Harz syncline,

situated between the Harz and the Thuringian Forest.
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ElECHELSDORF HiLLS BETWEEN BeBRA AND GeRSTUNGEN

In the Lower Zechstein near Riechelsdorf not only the Kupferschiefer,

but also the foot-wall conglomerate or Grauliegendes carries copper, the

several centimetres thick metalliferous bed so constituted extending over

a wide area.

The copper ore occurs finely distributed as Speise in the Kupfer-

schiefer, and as a compact impregnation in the conglomerate. While

in the shale bornite and chalcocite predominate, in the conglomerate

chalcopyrite chiefly occurs. Pyrite, galena, and sphalerite, are also found

in places. As the old and very extensive workings prove, the copper

content on the whole was fairly regularly distributed over this area; accord-

ing to recent examination by Krusch, over large districts it was often more

than 3 per cent. The thickness of the bed proper was 13 cm., with an

average of 3-2 per cent ; above this came 4 cm., with. 1-3 per cent copper,

the material farther in the hanging-wall gradually merging into barren

Zechstein limestone. Reckoning a thickness of 17 cm., an average copper

content of 2-7 per cent is obtained ; or reckoning 15 cm., 2-9 per cent.

The silver content varied between 20 and 30 grm. per ton, being therefore

considerably lower than that at Mansfeld.

The amount of sand ore according to the last results was 31-4

per cent that of the shale ore, while its copper content, which on an

average was 5-6 per cent, varied between 4-35 and 7-45 per cent.

The influence of the intersecting fissures, which are mostly developed

as cobalt-barite lodes, upon the copper content of the bed, was such that

ore-bearing fissures diminished the copper content, while those without ore

increased it. In consequence of the fall in the price of copper, mining

operations at Riechelsdorf were a few years ago suspended.

Thuringian Forest

That part of the Kupferschiefer which forms a continuous border

around the Thuringian Forest has in the last decades been explored princi-

pally in the neighbourhood of Schweina and Gumpelstadt. Here also the

Kupferschiefer rests upon the Zechstein conglomerate, which in places

is impregnated with copper for a thickness of 5-10 cm. The Kupfer-

schiefer is 10-15 cm. thick. The mineralization, which is likemse finely

distributed, differs from that of the pre\^ously-mentioned districts in

that chalcopyrite predominates, while chalcocite and bornite recede. Here

the relation between the copper content of the shale and the presence

of the cobalt fissures is excellently expressed. While the content in the

immediate neighbourhood of such fissures may reach 3 per cent, the average
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content is scarcely higher than 1 per cent. Silver plays no part whatever.

The Schweina district, in addition to the Kupferschiefer, is known for

its cobalt- and nickel lodes. From these also, an impregnation of the

copper shale by cobalt took place, while the presence of zinc and arsenic

can frequently be established. This occurrence to-day has unfortunately

no economic importance.

With some other occurrences, such as Stadtberge and Goldberg, the

section is essentiallv different from that obtaining in the Mansfeld district.

Stadtberge, or Niedermarsberg
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At this place the Lower Zechstein consists of limestone beds 10-15

cm. thick, separated from one another by thin layers of marly shale. The
copper is confined to these shale layers, which generally occur two to

three times in any one section but may also occur in numerous narrow

lenticular seams. The metalliferous minerals consist of malachite, and
more rarely of azurite and chalcocite. The copper content varies between

1 and 6 per cent, increasing in the neighbourhood of the fault-fissures.

Usually it is far below the limit of payability. This occurrence

economically has never been important.

The fissures continue ore-bearing through the Zechstein into the foot-

wall Culm silica-schist, where the second and more important occurrence

is found, this being still worked. In the Oskar mine on the Jutten-

berg, the Minna mine on the Kohlhagen, and the Frederike mine on the

Bilstein, the ore is found immediately beneath the overlying Zechstein.

The extremely fractured Culm sihca- schist exhibits innumerable

fractures coated \\dth ore, and in that portion of the deposit being worked,

chalcocite, bornite, and chalcopyrite are particularly frequent. A zone of

this schist 15-20 m. thick must be regarded as constituting the metalli-

ferous occurrence. In the neighbourhood of the surface the ore by atmo-

spheric agencies has been altered to malachite, azurite, cuprite, and native

copper. The metal content of the payable portions varies between 1-5

and 3-5 per cent, while the whole zone may be said to have an average of

1-6 per cent, Avith extremes of 0-5 and 5 per cent. The siUca-schist is

especially metalliferous in the immediate neighbourhood of the fissures.

IVIining at Stadtberge occupied itself originally with the copper ore

in the Zechstein and subsequently with the oxidized ores in the silica-schist.
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though latterly it has been necessary to pay attention to the sulphide ore.

The production from the Oskar and Minna mines is some 50,000 tons

of ore annually.

Goldberg in Silesia
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—
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On the northern slope of the Riesengebirge the Zechstein is cuprifer-

ous at the surface from Naumburg on the Queiss to near Goldberg,

along which extent are found the old mining centres of Neukirch, Polish-

Hundorf, Konradswaldau, Haasel, Prausnitz, and Goldberg.

At the once important centre, Haasel, the Lower Zechstein consists

of alternating layers of limestone and marl-shale. The copper ores occur

principally in the shale. Seven such shale layers make together a total

thickness of O-75-l'l metres. Their copper content is on an average 1-6,

and at a maximum 2-16 per cent, with 50 grin, of silver per ton. The

limestone layers separating the marl-shales have an average thickness of 26

cm. and a copper content of 1-03-1-58 per cent, with 20 grm. silver. The

ore consists of azurite and malachite. From 1866 to 1883 some 1100 tons

of copper and 3437 kg. silver were won from about 85,000 tons ore.

Occurrences probably Analogous to the Kupferschiefer

An Upper Silurian clay-slate rich in fish remains and with a low copper

content has already been mentioned ^ as occurring in the Christiania

district. In addition, oil-shales or other more or less bituminous shales

have occasionally been found with so high a copper content as to justify

mining operations, which at times have been upon a not inconsiderable

scale. With the low price of copper during the last decades all such opera-

tions however appear to have been unprofitable. The primary ore is in

many cases principally chalcocite.

Similar occurrences, also belonging to the Permian, have been found at

several places in Bohemia ; noteworthy among these are Hohenelbe and

Starckenbach in north-east Bohemia, where the deposits consist of copper

impregnations in oil-shales and where the ore-bed previously worked was

rich in vegetable remains. At Wernersdorf, likewise in Bohemia, the

deposit consisted of sulphide ore, especially chalcocite, at different horizons

in marly shales. According to Giirich, these are sedimentary deposits.^

1 Ante, p. 1121.

2 Katzer, Geologie von Bohmen, 1892, pp. 1188-1212, 1222-1225; Gurich, ' Die Kupfer-
orzlagerstatte von Wernersdorf bei Radowenz in Bohnien,' Zeif. f. prcdt. Geol., 1893, pp.
370-371.
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In Texas, over an extensive area between 98° and 100° west longitude

and 33°-34° north latitude, a number of Permian copper deposits are found

at different stratigraphical horizons. The ore here is associated more

especially with bituminous shales or ^^-ith marls rich in vegetable remains.

It is not workable. 1

In the neighbourhood of New Annan in Nova Scotia, occur Permian

copper deposits, consisting principally of chalcocite in a thin micaceous

sandstone containing" vegetable remains.^

A so-called copper- shale occurring in crystalline schists at Stora

Strand in Dalsand, Sweden, will be found described with the fahlbands.

It is questionable whether all the occurrences here briefly mentioned

are comparable genetically \nth the German Kupferschiefer. The Permian

copper-sandstone in Russia certainly deviates to such an extent from the

Kupferschiefer that it must be reckoned ^^'ith another class of deposit.

THE FAHLBANDS

The term ' Fahlband ' ^ was derived originally from Kongsberg in

Norway, to which place German miners were called in the seventeenth

century. The designation fahl or ' faded ' refers to the rust-coloured

weathering of sulphide-bearing beds, which were termed ' bands.' By
the term fahlband therefore is understood a crystalhne schistose rock

—

gneiss, hornblende-schist, mica-schist, phvllite, quartz-schist, etc.—^vith a

sparing, or at all events not particularly rich impregnation of metallic

sulphides. Of these sulphides those which occur most extensively are

pyrite, pyrrhotite, and chalcopyrite, with which frequently some arseno-

pyrite, sphalerite, galena, etc., are associated. The cobalt fahlbands

described below, occupy a place by themselves. It is not advisable to

extend the term fahlband to impregnations of granular rocks, since these

do not occur in bands. Moreover, from custom the term is confined to

impregnations of metallic sulphides, and it is therefore not ad\asable to

include those of metallic oxides.

Fahlband is a morphological and not a genetic term. Strictly speaking

therefore, in any classification of ore-deposits based upon genesis a ' fahlband

group ' may not be formulated. There exists however so great uncertainty

concerning the origin of many of these deposits that it is preferable for

purposes of description to keep them together, though by so doing an odd

^ Schmitz, 'Copper Ores in the Permian of Texas,' Trans. Amer. Itist. 21in. Eng. XXVI.,
1S96, pp. 97-108.

2 H. Louis, Tram. Amer. I?isf. Min. Eng. XXVI., 189G, pp. 1051-1052.
» Ante, p. 660.
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group including occurrences probably of exceedingly different genesis

becomes formed.

Many mining engineers of the old school took it for granted that

all gneisses, hornblende-schists, mica-schists, quartz-schists, etc., were of

sedimentary origin, and that the sulphides in the fahlbands were also

formed by sedimentation. It is known however that many, though not

all gneisses, hornblende-schists, etc., of the fundamental rocks, are to be

regarded as foliated eruptives, and the old conception that all fahlbands

were sediments accordingly falls to the ground. Some fahlbands may
indeed represent altered sediments, others however may have been

formed by magmatic intrusion, and others again by deposition from

aqueous or gaseous solution.

Economically the fahlbands, owing to their small sulphide content,

as a rule are of subordinate importance. Some are, or were worked,

principally for copper or cobalt.

The Copper Deposit at Stora Strand in Dalsand, Sweden

This occurrence is an example of a fahlband formed probably by

sedimentation. As described by H. E. Johansson, ^ it is situated near the

west shore of the Venern lake and occurs in the pre-Cambrian, perhaps

Algonkian, Dalsand formation. The ore-bed, which with breaks is known

for a length of 20 km., is found within an altered, fairly steep series of

predominating calcareous clay -slates mth conglomerates and quartz

-

sandstones ; it is characterized everywhere by stratigraphical conformity.

The clastic origin of the now more or less crystalline rocks may in several

places be demonstrated.

The section immediately at the deposit is as follows : (1) at the

bottom, altered calcareous clay-slate
; (2) green chloritic slate with

cubical pyrite
; (3) bro\vn siliceous bed with some chalcopyrite

; (4) brown

so-called copper-shale consisting of mica, chlorite, quartz, albite, etc.,

with an invariable impregnation of chalcopyrite
; (5) grey-green copper-

shale, the copjjer content diminishing towards the top
; (6) hornstone-like

calcareous bed
; (7) calcareous clay-slate.

This copper-shale has been closely explored more particularly in its

richest part 3-5 km. in length. With a thickness generally 0-5-1-3 m. it

consists of a fine impregnation almost exclusively of chalcopyrite. Over

a thickness of 0-5 m. the average copper content is 1-8 per cent, in addition

to which comes 0-3 m. with 0-38 per cent. The quantity of copper

per square metre on the bed plane is about 25 kg., losses in treatment, etc.,

1 Schwed. fjeol. Unters., Serie C, No. 214, 1909.
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not being reckoned. To 100 parts of copper there are 0-19 parts of silver.

In this respect, also, a similarity to the Mansfeld Kupferschiefer therefore

exists. The copper-shale of Dalsand consists, according to various chemical

analyses, of about 56 per cent of SiOg, 19 per cent AI2O3, some FegOg, Fe,

CaO, MgO, NagO, KgO, with about 2 per cent sulphur and 1-3-1 -7 per cent

of copper. In composition therefore it differs from the marly copper-shale

of Mansfeld principally by its low CaO content.

The total copper content in this long Stora Strand bed is very consider-

able. The ore however cannot be hand -sorted and is with difficulty

concentrated.

In relation to genesis, Johansson compares this occurrence with the

Mansfeld Kupferschiefer ; it is however geologically older and somewhat
metamorphosed.

As an example of intrusive fahlbands, the Bodenmais deposit in

Bavaria has already been described.^ This deposit consists partly of

fairly clean pyrite and partly of gneissic material with a more or less sparing

impregnation of sulphides, especially of pyrrhotite. The intrusive pyrite

deposits exhibit similar phenomena. Thus, with many Norwegian pyrite

occurrences, 2 fairly rich sulphide impregnations extending for considerable

distances along the strike, occur as the continuations of the compact

pyrite bodies, together with which, in greater part along the bedding-planes,

they were intruded. In the Kio Tinto district the pyrite bodies proper

are similarly accompanied by epigenetic impregnations of cupriferous

pyrite, as for instance at Louzal in Portugal. In this connection the

pronounced mobility of the fused sulphides must be remembered.

The magmatic nickel-pyrrhotite deposits also, which occur principally

at the contact of gabbro rock with crystalline schists,^ are often accompanied

by fahlband-like impregnations of the neighbouring schists.^ In different

nickel mines at Ringerike it can, according to Vogt, be demonstrated that

the pyritic sulphide within the relatively finely schistose gneiss in the

immediate neighbourhood of the gabbro, occurs chiefly along the schist-

planes, while in the more compact gneiss a network of intersecting sulphide

veins is found.

The Kongsberg fahlbands, the extent of which within the central

Kongsberg field is indicated in the rather antiquated map constituting

Fig. 65, have been frequently described.^ In this occurrence, more par-

ticularly mica-schists, garnet-mica schists, and chlorite-schists have been

impregnated mth metallic sulphides, these latter occurring chiefly along

the schist-planes in these relatively finely banded rocks. The amount
of these sulphides—pyrrhotite, pyrite, with chalcopyrite, some galena,

1 Ante, pp. 337-340. 2 ^„/g^ pp 304-313. 3 4,;/^^ pp. 280-299.
* A7ite, p. 285. ^ Ante, p. 660.
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sphalerite, etc.^—is generally only one or two per cent. In but few places

is it higher, so that the earlier workings for pyrite containing some 40 per

cent of sulphur and a little copper, were inextensive.

The amphibolites and amphibolite - schists also often carry some

pyrite ; the same in places is the case mth the so-called Kongsberg gneiss

or gneiss-granite, which in the neighbourhood of the fahlband zones

—

consisting chiefly of mica- and chlorite-schist—is here and there pyritic.

Within the foliated granite or gneiss-granite the pyrite partly follows the

schist-planes and partly traverses the rock in fine zig-zag stringers.

According to investigation by C. Bugge, the amphibolites and amphi-

bolite-schists occur in irregularly branched dykes—which in greater part are

to be regarded as bedded dykes—in other Archaean rocks. The fahlbands,

as illustrated in Fig. 330, mostly follow these intrusive amphibolites.

Kjerulf and Dahll in 1861 were of opinion that the sulphides of the

fahlbands are of yomiger formation. On the other hand, A. Helland ^

believed in a contemporaneous formation of both the non-metalhferous

material and the metalliferous. Among other things he pointed out that

under the microscope pyrite is often seen in the centre of the garnet- and

quartz individuals, without any apparent fractures along which it could

have entered. Chr. A. Miinster in 1894 regarded the rocks concerned,

together with their sulphides, as altered sediments.

According to Vogt in 1899, the sulphides are found in quite different

rocks, among which, some, such as the gneiss-granite, are of eruptive origin.

In this gneiss-granite the sulphides form in part a network of zig-zag veins,

and in this case therefore are certainly younger than the granite. Since

then in its turn the granite is younger than the mica-schist, the sulphides

also must be younger than the mica-schist. The epigenetic genesis of

the sulphides of the Kongsberg fahlbands follows also from the above-

mentioned more recent investigation by C. Bugge,

Cobalt Fahlbands

In the Scandinavian peninsula, four, or when similar impregnations

in limestone are included, six cobalt fahlbands are known, these being;

distinguished from ordinary fahlbands by containing cobalt arsenides.

As a rule cobaltite, CoAsS, is the most frequent ; in some mines in

addition smaltite, CoAsa, is found ; in others skutterudite, C0AS3 ; and
frequently also cobalt-arsenopyrite, glaucodote or danaite, (Fe,Co)AsS,

etc. In these cobalt minerals, only very little cobalt is replaced by
nickel. In some deposits nickel minerals such as gersdorffite, NiAsS, or

1 Archiv f. mathem. Naturw., Christiania, 1879, VoL IV.
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cobalt-nickel minerals such as linnaeite (CoNi)3S4, are also found, this

last for instance playing an important part in the occurrence at Glad-

hammer. Analyses of furnace products at Modum indicate the relation of

cobalt to nickel in the ore to be on an average 1 : ^^.^

Pyrite and pyrrhotite are also present in the cobalt fahlbands, though

generally only in sparing amount. The same as a rule is also the case with

chalcopyrite, though this at times occurs much more abundantly, some

mines having formerly been worked for cobalt and copper at the same

time. Bismuth minerals in some places are completely absent ; at other

placesthey occur, though never in very large amount. Although nickel occurs

in the earth's crust on an average much more extensively than cobalt,^

nickel fahlbands corresponding to the cobalt fahlbands do not appear to

exist ; at all events such deposits up to the present are not known. The

relatively low nickel content of the cobalt fahlbands is also remarkable.

It may be questioned whether all these six fahlbands should in

relation to genesis be included in one common group ; it is possible that

the two deposits, Tunaberg and Hakonsboda, which occur in limestone,

belong to the contact occurrences. Remarks concerning genesis will there-

fore in greater part be confined to the best known cobalt fahlband, namely,

that at Modum. This deposit, according to Vogt, is epigenetic. Further,

its close association with large intrusions of amphibolite of gabbroidal

character is striking. At Los in Helsingland the cobalt fahlband actually

occurs in a foliated gabbro.

The twin elements nickel and cobalt are pronounced basic elements,^

and accordingly are met chiefly in the basic eruptive rocks. In accordance

\vith this the nickel-pyrrhotite deposits are notoriously found in connection

with gabbro,^ and the garnierite deposits in connection with peridotite and

serpentine.^ The nickel-pyrrhotite deposit at Erteli ^ and the cobalt

fahlband at Skutterud in Modum are in a straight line only 15 km. distant

from each other. In both places association with gabbroidal rocks is estab-

lished. We may therefore assume, in any case for Modum, but also for

Los and perhaps for other of the cobalt fahlbands, a genetic dependence

upon gabbroidal rocks.

Cobalt, as is well known, is more readily dissolved than its twin

element, and cobalt oxide is more easily precipitated from solutions than

nickel oxide. In harmony with this, the cobaltiferous and nickeliferous lodes

formed by aqueous deposition—the Mansfeld cobalt lodes and the lodes at

Annaberg, Schneeberg, Temiskaming, etc.,'^—contain on the whole more

cobalt than nickel, though nickel occurs in the earth's crust much more

1 J. H. L. Vogt, Zeit. f. pralt. GeoL, 1898, p. .386.

2 Ante, p. 153. ^ j^^te, p. 158. « Aiite, p. 280.

« Ante, p. 952. « Ante, p. 297. ' Ante, pp. 666, 677.
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extensively than cobalt. The mineralogical and chemical analogy between

the cobalt fahlbands on the one hand and the cobalt- and cobalt-bismuth

lodes on the other, is also noteworthy.

The above considerations, according to Vogt, give ground for the view

that the cobalt fahlband at Modum—and doubtless also those of Los and

other districts—was deposited from solutions which in one way or another

emanated from gabbroidal intrusions. These solutions followed the

well-defined schist -planes, from which planes impregnation proceeded.

The fahlbands at Modum are crossed by Archaean granite-pegmatite

dykes, from which it follows that mineralization took place in the

Archaean period. Probably the mineral solutions were an immediate after-

effect of the gabbroidal intrusions.

In the first half of the nineteenth century the cobalt fahlbands

satisfied a considerable portion, perhaps even more than one-half of the

relatively small demand for cobalt preparations, smalt or cobalt-blue.

By the fall in the price of smalt which followed the discovery and

manufacture of artificial ultramarine in the middle of the forties, several

of the companies exploiting cobalt fahlbands w^ere ruined. At Modum
work was soon resumed, though on a limited scale, only later to be

suspended once again, and now the supply of cobalt preparations is

derived in greater part from Temiskaming.^ Owing therefore to the fact

that the cobalt fahlbands are no longer worked, the study of these deposits

is encompassed v/ith considerable difficulty.

Modum in Norway

LITERATURE
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At Modum, including Snarum—about 50 km. in a straight line west

of Christiania and 40 km. north-east of Kongsberg—^the so-called Bamle
formation prevails, which is best developed at Bamle near Kragero,

and belongs to the upper, perhaps even to the uppermost portion of the

fundamental rocks. This formation consists of thick quartzites with

numerous, very large, and principally bedded intrusions of amphibolites

and amphibole-schists ; to these must be added several gabbro massives,

which at Snarum, as at Bamle, are accompanied by apatite lodes.- The
1 Ante, p. 669. ^ Ante, p. 452.
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amphibolites, consisting of plagioclase, hornblende, some mica, garnet,

etc., are, according to W. C. Brogger, altered gabbros. One or two kilo-

metres from this cobalt deposit a number of serpentine- and ophi-magnesite

occurrences are found.

The Modum cobalt fahlband on which the Skutterud mine is situated,

extends, with many breaks, through the long-abandoned Snarum mines, for

a length of about 10 kilometres. The strike is almost north-south, the dip 80°

to the west. The most important cobalt mineral is cobaltite, which often

appears in well-defined crystals ; with this is associated some skutterudite

and cobalt-arsenopyrite, the latter containing generally 6-8 per cent,

Quartzite with layers of AmpKibolite

FiCi. 449.—Map of tlie southern portion of the Moduni fahlband zone iuchiding to the south

the Skutterud mine. Many granitic dykes crossing the fahlbands are not shown.

and seldom as much as 18 per cent of cobalt ; some erythrite occurs

as a secondary product. Pyrite, pyrrhotite, chalcopyrite, and some

molybdenite, are also found, though only to a very small extent. Galena

and sphalerite are absent from the fahlbands themselves, but occur,

together with marcasite, in sparing amount in some quartz - calcite

veins.

With the cobalt minerals the diopside mineral, malacolite or salite,

occurs frequently, occasionally even in large amount ; also some antho-

phyllite, tremolite, epidote, brown tourmaline, plagioclase, quartz, yttro-

titanite, etc., while among others, small crystals of apatite and rutile have

also been encountered.

The fahlband zone, including the barren beds, reaches a thickness

of 80 or 100 m., and, as indicated in Fig. 449, accompanies a thick

band of amphibolite. Within the fahlband zone micaceous quartzites or

even mica-schists, and a number of in greater part conformably inter-

calated intrusions of thin amphibolite seams, are principally met. In
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addition, a peculiar augengneiss occurs containing quartz blebs rich in

sillimannite. This rock is identical with the intrusive orbicular granite

from the neighbourhood of Kragero, investigated by W. C. Brogger, which

is characterized by segregations of quartz and sillimannite.

The cobalt minerals form impregnations chiefly within certain quartzite

layers rich in mica and tourmaline. They are absent however from the

thick purer quartzite somewhat farther to the west, but have been met in

the above-mentioned augengneiss. On the other hand, cobalt ore does

not occur in the compact amphibolite. Rich patches of this ore have

however often been found in the rock containing large orbicules of dark

biotite and garnet, occurring at the contact between the amphibolite and

the micaceous quartzites. In places where the impregnation is marked

malacolite occurs in preponderating amount, a feature which led to the

erroneous assumption that the malacolite might be used as a guide to

the discovery of ore-bodies.

The thickness of each individual cobalt fahlband wdthin the wide fahl-

band zone is as a rule one or two, and at most some 5-8 metres. Frequently

however several parallel fahlbands occur close together but separated from

one another by barren rock and almost clean quartzite.

The Skutterud mine reached a depth of 170 m., reckoning from the

highest point at the outcrop. In this mine the cobalt ore, consisting chiefly

of cobaltite, occurs occasionally in rich streaks ; the rule however is for it

to occur as a scanty impregnation in pronouncedly schistose rock, and the

ore content accordingly is fairly low. Thus, statistics of mining operations

for the years 1878-1882 gave the following yearly average figures : rock

broken 2152 cbm., resulting in 1411 tons of picked ore, which by dressing

gave 96 tons of concentrate containing 10-2 tons of metallic cobalt.

Accordingly, on an average, after deducting the relatively large loss

in picking and dressing, 1 cbm. or 2-8 tons of rock yielded 4-75 kg.,

equivalent to 0-17 per cent of cobalt.

This fahlband was formerly frequently regarded as a sediment, a view

which Kjerulf successfully controverted. According to Vogt, the fact

that the mineralization of each individual fahlband is markedly irregular

both in strike and dip betokens an epigenetic formation ; in this direc-

tion also the association of the ore with such minerals as tourmaline

and yttrotitanite, malacolite, rutile, and zircon, tends to point. It must

further be emphasized that the fahlbands occur in the pronouncedly

schistose zones and not in the more compact quartzites and amphibolites, a

phenomenon probably due to the fact that the ore solutions followed the

well-defined schist-planes. Finally, conclusive evidence of the epigenetic

origin is afforded by the fact that the ore occurs not only in the sedimentary

quartzites but occasionally also in the intrusive augengneiss. The genetic

VOL. u 2 s
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association with the large amphibolite intrusions has already been men-

tioned.^

These mines were started in 1772, from which date up to 1822 they

were worked by the State, passing over later into private possession. During

the period of greatest success, from 1830 to the beginning of the 'forties,

roughly 1000 hands were employed. Then, as the result of the discovery

of artificial ultramarine, came the first great fall in the price of cobalt-

blue. Operations however were continued, though on a limited scale, up

to 1898, when further work was abandoned. During the period 1856-1898

cobalt products containing 257 tons of metallic cobalt were produced.^

Swedish Cobalt Fahlbands

Gladhammer, in the neighbourhood of Westervik in Kalmar Lan ; Vena,

not far from the sphalerite mine Ammeberg,^ north of Vettern ; Los in

Helsingland ; Tunaberg, in the neighbourhood of Nykjoping in Soderman-

land ; and Hakonsboda, south of Kafveltorp in Orebro Lan.

LITERATURE

On Tunaberg detailed description by A. Erdmann, Vet. Akad. Handl., 1848; on
Gladhammer, Swedish Geological Exploration Publications, Ser. C. No. 64, 1884 ; on Vena,
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The occurrences at Gladhammer and Vena are typical fahlbands, the

former in mica- and quartzite-schists, the latter in fine-grained and mica-

ceous gneiss. That at Los was also formerly described as an ordinary fahl-

band, as for instance by Durocher ;
^ according to G. Lofstrand, the ore

at this place occurs in the schistose portions of a foliated gabbro massive.

At Hakonsboda it is found in slate and limestone ; and at Tunaberg in a

massive limestone. These two last occurrences differ more or less con-

siderably from the ordinary cobalt fahlbands of the Modum, Gladhammer,

and Vena type. At Tunaberg the ore is accompanied by contact minerals.

The cobalt ore with most of the Swedish occurrences is chiefly cobaltite,

which at Los and Tunaberg is accompanied by smaltite ; at Hakonsboda

by cobalt-arsenopyrite ; and at Gladhammer by linnaeite and gersdorf-

fite. In some deposits bismuth occurs in small amount. In several

cases the copper content was so considerable that the the mines were

worked not only for cobalt but also for copper. Some of these deposits,

especially Tunaberg but also Vena, were formerly in vigorous operation

;

the position now is that all have lain idle for years.

^ Ante, p. 1136. * J. H. L. Vogt, in Statsokonomisk Tidsskriff, Christiania, 1900.

^ Postea, p. 1171. * Annales des mines, Paris, 1849.
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The Silesian Cobalt Fahlbands at Querbach and Giehren ^

Querbach and Giehren lie south of Friedeberg. Here at the contact

of mica-schist and gneiss a 1-5-5 m. zone of crystaUine schist occurs, which

in part contains abundant garnet and carries cobalt- and tin minerals finely

distributed. Much of this zone consists of roundish garnets cemented by

chlorite. The metalliferous minerals occur in this cementing material, the

whole constituting the so-called garnet ore. No sharp demarcation of

the ore-bearing beds is anywhere perceptible. The ore consists of pyrite,

pyrrhotite, arsenopyrite, galena, sphalerite, smaltite, and cassiterite, the

cobalt ore occurring chiefly at Querbach, the tin ore at Giehren.

The genesis of these deposits has liitherto not been satisfactorily

established. Since the ore-bearing zone is profusely crossed by quartz-

and calcite veins, the ore can hardly be syngenetic. The occurrence of

tin ore mth the cobalt ore distinguishes these Silesian fahlbands from

the Scandinavian ; it further indicates that pneumatolytic processes were

active at the formation of the deposit. According to form however the

deposits belong to the fahlbands. In the sixteenth and seventeenth

centuries operations were not inconsiderable ; in the year 1842 they were

suspended.

THE PYRITE BEDS

The deposits of this type were formerly reckoned as belonging to

the ' Pyrite group,' which included all pyrite- and marcasite occurrences,

whatever their genesis. From this heterogeneous group the following

genetic sub-groups have already been eliminated and described, namely,

the intrusive pyrite deposits, the contact pyrite deposits, the pyrite

lodes, and the metasomatic pyrite deposits. It now remains to discuss

the occurrence of presumably sedimentary nature.

In relation to form, three kinds are to be difierentiated, namely :

1. More or less continuous beds which have been subject to the same

tectonic influences as the enclosing strata.

2. Concretionary deposits in clayey or slaty material, the concretions,

sometimes more and sometimes less closely together, being found in all

formations from the Diluvium to the Palaeozoic. Fossils were frequently

the cause of the formation of these concretions.

3. Impregnations in different rocks, particularly in slates, as for

instance alum-slates ; and in clays, as alum-shales.

^ H. V. Festenberg-Packisch, Der metallische Bergbau Niederschlesiens, Vienna, 1881.

W. Bruhns, in collaboration with H. Biicking, Die nutzbaren Mineralieti und Gebirgsarten

im Deutschen Reiche, Berlin, 1900.
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In many cases the separation of the pyrite bed from the country-rock

is not sharp ; in harmony with their bedded character it is rather the case

that ore and country-rock replace each other indifferently. The pyrite

bands on the Witwatersrand for instance, as illustrated in Fig. 4, merge

frequently into quartzite ; where the quartzite becomes conglomeratic the

pyrite confines itself exclusively to the cementing material. This pyrite

consists either of more or less clean pyrite, or of pyrite intergrowai with

the sulphides of more valuable heavy metals.

The thickness of pyrite beds is very variable ; for payability great

purity of the material and considerable thickness are essential. Since

the pyrite which finds its way to the present-day market contains 42-49

per cent of sulphur, poorer pyrite beds can only be worked at a profit

when the demand comes from the immediate neighbourhood. Alternating

layers of pyrite with rock material occur frequently ; such deposits are only

payable when the ore can be concentrated. The metalliferous minerals

which as a rule make up the pyrite beds are, in addition to pyrite, the

sulphides of copper, lead, and zinc ; with pyrite beds in ancient forma-

tions and in much foliated country, pyrrhotite also is frequently

encountered. The finer the intergrowth, the more expensive is the pro-

duction of saleable pyrite. Of the gangue-minerals, barite, which sometimes

occurs intimately intergrown with the ore-minerals, comes first
;
quartz

and other minerals are rarer. Accessory precious metals such as gold

and silver may be of importance. Both occur associated with the pyrite
;

silver however also with the galena, which latter in its turn is intergrown

^N-ith the pyrite. According to the extent of the precious-metal impregna-

tion the pyrite deposits may merge into gold- or silver deposits.

Primary depth-zones owning to the small thickness of the bed are

economically unimportant. Occasionally, it is true, a cleaner layer in the

foot-wall can be difierentiated from poorer ore in the hanging-wall. It has

already been indicated that in the Rammelsberg deposit primary depth-

zones in clean ore are occasionally also found.

^

The secondary depth-zones are those ordinarily found with the pyritic

sulphide deposits. Under favourable conditions a gossan is formed which

contains relatively much heavy-metal sulphate but may be practically

free from sulphur, leaving only the corroded nature of the country-rock

to suggest the existence of a pyrite deposit in depth. In the cementation

zone below this oxidation zone the precious-metal content may become

concentrated, while the pyrite and any galena or sphalerite present will

have only suffered alteration in so far as they efiected a precipitation of

the precious metals.

The primary zone below the zone of cementation can exhibit no

1 Ante, p. 212.
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primary depth-zones in the direction of the dip, since the tilting of the

deposit is secondary. The foregoing occasional primary variations relate

then exclusively to the original horizontal deposition of the ore.

The alum-ore occurrences may be regarded as exceedingly impure

sedimentary pyrite deposits ; they consist of soft shale with pyrite finely

disseminated throughout. To such shale the name of alum-shale was given

because of its former application to the production of alum. Upon weather-

ing, aluminium sulphate and alkali sulphates are formed, which can be

leached. After the addition of any still lacking alum constituents to

the resultant solution—generally more alkali sulphates are necessary

—

alum crystallizes out. The position of the alum-ores among the ores

has already been discussed.^

Petrographically, it is noteworthy that the structure of alum-shale is

very fine-grained and this shale is consequently characterized by earthy

fracture. By weathering it loses its black colour and generally becomes

brownish-grey. In respect to the usually considerable bitumen content,

alum-shale resembles the Mansfeld copper-shale. Most alum-shales belong

to the Palaeozoic.

The Swedish alum-shales in Narke and Westergotland are especially

well known. These are associated with loaf-shaped, peculiar accumulations

of bitumen rich in carbon, known locally as Kohn, for which because of

their radium content radium works were erected. The attempt was how-

ever abandoned as sufficient radium was not recovered, the appHcation

of alum-shale in th'is direction not being possible at present.

In the stratigraphy of the Palaeozoic formation in Germany, the alum-

shales of the Culm formation, which occur principally at the lower contact

with Devonian and at the upper contact with Upper Carboniferous, are of

importance. While the lower bed has only a very small thickness, the upper

is sometimes more than 100 m. thick, and formerly was extensively mined.

In relation to genesis, it can be assumed that in all probability

the pyrite content is primary, and that alum-shale accordingly is a true

sedimentary deposit.

Pyrite concretions are found in the most varied geological formations.

These at various places in Germany it was formerly attempted to

exploit. Under present conditions however such deposits are invariably

unpayable, since the pyrite masses available in other classes of deposit,

especially the intrusive pyrite deposits, are so enormous that very favour-

able conditions must be fulfilled before the payability of a pyrite deposit

is possible. Accordingly, to-day, only the compact pyrite beds, which, by

the way, very seldom occur, are of economic importance. The number of

these deposits according to present knowledge is, at most, but moderate.

1 Ante, p. 73.
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The Rammelsberg Ore-Bed near Goslar
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The pyrite deposit at Rammelsberg on the north-west border of the

Harz is among the most interesting of known deposits, while among the

pyrite deposits no other has been the subject of such a variety of explana-

tion or so much study.

The general geological position has long been established. The

Rammelsberg, as illustrated in Fig. 450, is an overturned air-anticline,

the core of which consists of Lower Devonian Spirifer sandstone. The

south-west overturned flank which encloses the bed is in the miner's

foot-wall of this sandstone. It consists of Middle Devonian beds, first of

the Calceola slate 3 m. in thickness, and then, geologically above this

slate, of Wissenbach beds, the so-called Goslar slates. In these slates

the ore-bed is intercalated. It is bounded chiefly by tectonic planes, of

which the ' Wimmer Indicator ' is the most characteristic. This indicator,

which is an overthrust, is 0-5 m. thick and situated 2-3 m. from the deposit,

in the miner's foot-wall—which owing to the overturning is the geological

hanging-wall—following the deposit both in strike and dip.

The deposit in plan forms two ore-bodies, namely, the south-west or

old bed and the north-east or new bed, these, representing the two trans-
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versely dislocated portions of one and the same deposit, being connected

by scattered broken fragments.

The Goslar slates strike about north-east, are very poor in fossils,

and dip at an angle of 45°-50° towards the south-east. Some years ago

Goniatites were met in the ore-bed, while recently in the foot-wall slate

a 0-5 m. bed containing Pinacites Jugleri R., Bactrifes gracilis, and

Orthoceras, was found. Here and there quartzite beds are intercalated in

the slates. One of these in the hanging-wall, exposed in the Juhus-

Fortunatus adit, carries sphaerosiderite concretions with frequent organic

remains and veins of pyrite, quartz, and barite.

The separation between the ore-body and the country-rock is generally

sharp. The old bed is often accompanied by a fine clay-parting, while

Shlnberg

Rammelsberg '"-

Fig. 450.—Section and plan showing the geological position of the Rammelsberg pyrite bed
near Goslar. Klockmann.

the new bed, discovered only in 1859, exhibits in the hanging-wall a tritur-

ated slaty material of variable thickness, resembling lode-slate and known
locally as Anhack. This material is sharply separated from both ore-body

and country-rock, and consists of deep-black slaty material with numerous

pressure surfaces and slickensides. Since also it is traversed by many
veins and fractures filled with gangue and ore-minerals, it bears all the

evidences of being a disturbance zone. More complicated is the separation

of the ore from the country-rock around the finger or tongue of pyrite

which projects from the main body into the slates. In this branch body

alternating layers of ore and slaty material, the so-called slate-band ore,

occasionally occur, in which the thickness of the metalhferous layers varies.

Sometimes these are microscopically fine, and sometimes several centi-

metres thick ; sometimes the ore predominates, and sometimes the slaty-



1146 ORE-DEPOSITS

material. This restriction of the banded ore to the branch body is striking

;

in this body it continues along the strike both in the foot-wall and hanging-

wall, though it appears to be absent from the middle portion. In the old

bed this banding in the branch is fairly regular ; in the new, on the other

hand, there is the most confused plication. Schulz from microscopical

investigation considered that the metalliferous content of this banded ore

was epigenetic and had in part replaced the slaty material.

The old bed reaches 20 metres or more in thickness, being thickest

at the level of the Julius-Fortunatus adit. The new bed in the central

portion is on an average 15 m. thick, though frequently it is much less.

The deposit from end to end is known for 1200 m. along the strike. The

old bed comes to the surface, while the new bed pinches out close under

the surface, its thickness at places in the top levels being but small.

Of the numerous disturbances which have affected the deposit, one

in the western part of the old bed, Avhich in depth throws the ore-body

into the foot-wall, is noteworthy. Numerous fractures within the ore-body

are now filled with sulphides of copper, lead, zinc, antimony, and with

pyrite. The ore -bed itself consists principally of pyrite, chalcopyrite,

galena, sphalerite, and barite. The ore, always very fine-grained, often

occurs highly contorted.

At Eammelsberg, as indicated in Fig. 451, the following ores are differ-

entiated : pyritic ore, lead ore with a preponderating amount of pyrite
;

mixed ore, lead ore wath chalcopyrite and pyrite
;
grey ore, lead ore with a

preponderating amount of barite ; and brown ore, lead ore with a pre-

ponderating amount of sphalerite. The distribution of these ores has

frequently been given upon the basis of the developments at particular

dates. In the old bed it was believed that the following sequence

from the present hanging-wall to the foot-wall was recognizable : copper

ore, pyrite, mixed ore, lead ore, and grey ore. Schulz, who recently

compiled a section on the basis of the latest developments, confirmed

the occurrence of such a zonal arrangement in certain parts of the

old bed ; while for the middle of that bed, at the horizon of the Julius-

Fortunatus adit and the Bergesfahrt, he established from hanging-wall

to foot-wall the sequence : pyrite, copper ore, pyrite, pyritic lead ore,

mixed ore, and lead ore. Below the Julius-Fortunatus adit the pyritic

layers intercalated between the mixed and copper ores pinch out, and the

sequence from hanging-wall to foot-wall becomes, pyrite, copper ore,

mixed ore, and lead ore. At the western end the old bed consists on the

other hand exclusively of pyritic lead ore. At the eastern end also, the

amount of pyrite considerably increases, while at the same time some

barite found in the upper levels is in depth almost absent. The hanging-

wall branch of the old bed, the occurrence of which is due to disturbance,
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consists in the upper western portion of pyritic lead ore, and in the east

of pyrite with traces of barite.

In the new bed no regularity of distribution can be established. The
filKng of this much fractured and narrower ore-body consists chiefly of

lead-, copper-, and mixed ore. Pyrite recedes strikingly and occurs only

to the west, in small thickness. The occurrence of grey ore in the upper

portion and of brown ore in greater depth, is characteristic of this ore-bed.

The different varieties of ore are nowhere sharply separated, but

merge gradually into one another. They all consist of the same metal-

liferous minerals and only exist by reason of the varied proportions in

which these minerals occur.

Composition of Principal Varieties of Ore
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The genesis of the Rammelsberg deposit is much disputed. Schuster

in 1867 and others before him, ascribed a sedimentary origin to the deposit,

a view which Winimer, Stelzner, Klockmann, and Bergeat, later endorsed.

The first to advocate an epigenetic origin were, Lossen in 1876 and Vogt

in 1894, who emphasized the intrusive character, and maintained that

the slates forming the country-rock of the deposit represented a facies

formed in considerable depth, and that therefore a shallow-water deposi-

tion as assumed by Schuster and Klockmann was excluded. At the same

time they pointed out that the hanging-wall and foot-wall boundaries

of the deposit were formed by tectonic planes, and that in the place of a

substantial conformity a gradual merging of the different varieties of ore

might be observed along the strike. Finally, they considered that a genetic

association between the deposit and the eruptive rocks occurring in its

neighbourhood, might be assumed.

The adherents of the sedimentary theory, on the other hand, regard

the hard arenaceous slates as well as the quartzites, as littoral formations,

and explain the tectonic planes as having arisen after the formation of the

bed ; they controvert also the relation between the neighbouring eruptives

and the deposit. Klockmann, one of those best acquainted with the deposit,

rejects any parallelism of the Rammelsberg bed with the Norwegian

pyrite occurrences. In so far that barite, which occurs abundantly in the

Rammelsberg ore, is absent from the Norwegian pyrite deposit, there is of

course no parallelism. Klockmann regards the Rammelsberg deposit as

contemporaneous with the surrounding country-rock, and as having been

formed in a basin-like depression of the clay-slate. Evidence of this he

sees in the fine slate bands intercalated in the ore like the growth rings

in a tree. The heavy metals, according to him, were precipitated from

solutions by one or other of the reduction processes.

The differences in the theories of genesis are in part due to the fact

that formerly it was endeavoured to bring together into one class all the

more important pyrite deposits. It having been demonstrated by

Krusch that such a classification is untenable, pyrite can no longer be

given an admittedly unjustifiable preference among metalliferous minerals,

but the deposits which it forms, like deposits of all other minerals, must

according to their genesis be divided into magmatic, contact-metamorphic,

lode-like, metasomatic, and bed-like deposits.

Latterly, Bergeat and Bode have found Goniatites in the ore-bed, a

discovery which affords considerable support to Klockmann's theory. In

our opinion the Rammelsberg deposit, the original geological position of

which owing to numerous disturbances is difficult to determine, can only

be either a sediment or a replacement of Middle Devonian limestone.

Since however for the latter view sufficient evidence is not forthcoming, it
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appears proper to Beyschlag and Krusch, in the present state of our know-

ledge, to regard the Rammelsberg ore-bed as a sedimentary deposit.^

Mining at Rammelsberg is very old, dating back at least to the year

972. According to Bergeat, the oldest workings of the upper levels and

the old dumps date from the hoary past. The estarbhshnrentirf-tlie to^vn

Goslar, a residence of the king of Saxony, qioincided with the period of

greatest activity. After numerous interrupMons, some of which lasted for

centuries, in 1635 and 1642 upon the establishment of the so-called

communion—that is, the joint possession and management by Hanover

and Bruns\^'ick, into which Prussia subsequently entered—the present

industrial period began. Germany is poor in pyrite- and copper deposits,

Rammelsberg being its most important pyrite occurrence. The economic

importance of this deposit, the mines upon which have so far pene-

trated to a depth of roughly about 400 m., may be gathered from the

following figures : in 1909 the production amounted to 22,467 tons of

copper- and mixed ores, against 27,600 tons in the preceding year. Of this

amount the Prussian portion was 12,8.38 tons—15,772 in the preceding

year—-worth £15,500. The total output had therefore a value of £27,125.

Other German Pyrite Deposits, Concretion- and Alum-Slate

Deposits, etc.
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At Misdroy small pyrite layers and veins in Senonian marls are found

along the north of the Island of Wollin ; these were formerly worked. The

deposit at Rohnau in Silesia south of Kupferberg, where thick pyrite

beds occur in crystalline schists and are won in opencut, is of some,

importance. From these beds are obtained sulphur, copperas, and

iron oxide for red pigment. Mining operations began in the eighteenth

century, were suspended in 1891, and revived again in 1904. In the Fichtel-

gebirge, pyrite, together with pyrrhotite and chalcopyrite, occurs as beds

in gneiss, at Weirsberg in the neighbourhood of Kupferberg near Kulmbach.

The ore is treated for copperas, mixed \atriol, and alum, while glass polishers'

red is obtained from the residual material.

Closely associated ^^'ith the pyrite beds are the alum-slate—vitriol slate

—and alum-shale occurrences. Frequently the distribvition of the pyrite in

1 The evidence brought forward in support of an epigenetic genesis by Lindgren and
Irving in their work above cited throws no new light upon the question, while according to

recent investigation by Erdmannsdorfer, the results of which have not yet been published,

the observations of these two authorities are disputable.
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these rocks is so fine that a mechanical separation of the pyrite from the

non-metalliferous material is not possible. The production of alum from

such slates and shales reached its greatest development at the end of the

seventeenth and in the first half of the eighteenth century. While the alum-

slates, as already mentioned, occur most extensively in the Silurian and

Culm, most alum-shales are found in the Brown Coal formation. Such slates

have been worked in many places in the Thuringian Forest, as for instance

at Sophienau, Garnsdorf, Wetzelstein, Arnsbach, Schmiedefeld, and

Spechtsbrunn, while in Westphalia extensive operations were centred

upon the alum-slate belt which to the south extends along the coal-bearing

Upper Carboniferous in an easterly and north-easterly direction. Pyritic

Upper Carboniferous and Permian slates also have been exploited at

Dudweiler in Saarbriicken and at Kirn in Kreuznach. Alum- and

vitriol slates are also known in the clayey coal of Lorraine, Wiirtemberg,

and Bavaria.

The Brown Coal shales formerly were likewise largely used for the

production of alum and copperas, and were in part even more important

than the coal seams interbedded with them. Of these shales the followang

are worthy of mention : the brown coal with abundant pyrite at Buxweiler

on the eastern slope of the Vosges, which was chiefly used for the pro-

duction of alum and copperas and only to a small extent for fuel ; similar

alum works formerly in operation at Grossalmerode in Hesse and at

Riestedt in Thuringia ; shales containing large pyrite nodules formerly

also worked for copperas at Rott. The number of these examples might

be considerably increased. Among the youngest deposits, possibly still

undergoing formation, belong the vitriol peats, which likewise may be used

in the preparation of copperas. The peat is either impregnated by pyrite

or it contains free sulphuric acid. The beds at Trossin in Torgau, Moschwig

in Wittenberg, and those at Kamnig, Seifersdorf , Reichmannsdorf , Striegen-

dorf in Grotkau, etc., have considerable extent. These deposits however

no longer have any economic importance.

WITWATERSRAND GROUP

The Auriferous Conglomerates

To this group, named after the principal occurrence, belong the auri-

ferous conglomerates which in fairly regular development may extend

over large areas. On the Witwatersrand many such auriferous beds lie

one above the other, separated from one another by barren material of

variable thickness.

Only in exceptional cases do such conglomerates lie horizontally;
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generally they are folded mostly into anticlines and synclines, and disturbed

by faults, so that in any district the determination of the tectonics is of

great importance.

Genetically, the auriferous conglomerates of different districts are

very different deposits. When the conglomerates have resulted from

the disintegration of gold lodes the detritus of which after concentration by

natural waters became subsequently cemented, such conglomerates repre-

sent fossil gravels. The gold occurs then principally in rounded nuggets

and grains, while the larger fragments as well as the cementing material

are mostly free from gold. In other cases the gold is mostly confined

to the cementing material ; such gold may have been precipitated during

the formation of the conglomerate, or it may have subsequently reached

the conglomerate through fissures.

The mechanical concentration of material subsequently cemented to

conglomerate took place either in rivers—^fluviatile conglomerates—or on

the sea-coast—marine conglomerates. In the first case, long extending

river terraces distinguishable from ordinary gravels more particularly by

the regular presence of a cementing material were formed ; while in the

latter case terraces extending usually over large areas of mostly irregular

form, resulted.

The distribution of the gold may vary in vertical section as well

as in horizontal extent. In those cases, as with fossil gravels, where the

precious metal occurs within pebbles or as small nuggets or grains, it

is frequently concentrated in the lowest bed, so that a lower auriferous

primary zone may be distinguished from an upper poorer zone. Should

the gold have secondarily entered the conglomerate from fissures, such

primary depth - zones are not observable, but an irregular horizontal

distribution occurs, in so far that the gold content is frequently highest in

the neighbourhood of such fissures, from whence it gradually diminishes on

either side.

The gold conglomerates with syngenetic gold were formerly regarded

as affording typical examples of uniformity in gold content. The

possibility of poorer and richer portions alternating from place to place

nevertheless exists even with these deposits. It is advisable in all cases

therefore, be the origin of the gold what it may, not to sink new shafts

and erect equipment on the results obtained from a few bore-holes, but

before doing this, to test the conglomerate for its average gold content

by a great number of such holes, etc.

With conglomerates carrying gold in the form of nuggets or grains

the precious metal occurs as free gold. With those, however, where

impregnation took place from fissures it is found mostly in the form

of auriferous pyrite and only quite subordinately as free gold. A similar
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phenomenon is sometimes exhibited when the gold has been deposited

syngenetically with the cementing material. When such gold conglomerates

come to the surface the gold associated with pyrite, just as happens

with lodes, becomes dissolved by atmospheric agencies. In this manner,

at surface an oxidation zone with but little free gold, and, not far below,

a cementation zone with somewhat more free gold, may become formed.

Extensive metal migration however does not as a rule take place, since

the large amount of barren pebbles in the conglomerate, and the solidity

of the cement, greatly hinder the circulation of water. The gold of these

deposits is as a rule very pure ; in relation to the amount of silver

accompanying it, it resembles that of the old gold lodes.

The economic importance of the Witwatersrand deposits, as will be

gathered from the table of production already given, ^ is very considerable
;

this district, to-day doubtless the most important gold producer of the

world, was responsible in 1911 for about 35 per cent of the world's output.

Of this form of deposit, one important representative is known,

namely :

The Conglomerates on the Witwaterseand in the Transvaal
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Republique Sudafricaine du Transvaal, Paris, 1901 ; Geol. of Transvaal, 1904 ; numerous
other papers by Molengraaff, especially in Trans. Geol. Soc. of South Africa up to the year
1905.—L. DE Latjnay. Les Richesses minerales de I'Afrique, Paris, 1903, pp. 42-85.

—

J. W. Gri;gory. ' The Origin of the Gold in the Rand Banket,' Bull. Inst, of Min. and
Met., London, 1907 ;

' The Origin of the Gold of the Rand Goldfield,' Econ. Geol., 1909, IV.—
F. W. VoiT. ' tjbersicht iiber die nutzbaren Lagerstatten Siidafrikas,' Zeit. f. prakt.

Geol., 1908, pp. 137, 191 ;
' Der Ursprung des Goldes in den Randkonglomeraten,' Zeit.

1 Ante, pp. 644-646.
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d. d. geol. Ges., 1908, Vol. LX. Monthly report No 5, p. 107, and No. 7, p. 181.—J. Ktjntz.
' Die Herkunft des Goldes in den Konglomeraten des Witwatersrandes,' Zeit. d. d. geol.

Ges., 1908, Vol. LX. Monthly report No. 7, p. 172.—F. H. Hatch and G. S. Corstoephine.
The Geology of South Africa. London, 1909.—Also numerous works by Corstoephine,
especially in the later Trans. Geol. Soc. of South Africa, and by Hatch.—-Leggett and
Hatch. ' An Estimate of the Gold Production and Life of the Main Reef Series, Witwaters-

rand, down to 6000 feet,' Trans. Inst. Min. and Metallurgy, 1902-1903, XII.—Hatch. 'A
Geological Survey of the Witwatersrand,' Quart. Journ., London, 1898, LIV. ;

' The Auri-

ferous Conglomerates of the Witwatersrand,' Mining and Scientific Press, San Francisco and
London, 1911 ; 'On the Past, Present, and Future of the Gold Mining Industry of the

Witwatersrand,' The James Forrest Lecture, Inst, of Civil Engineers, London, 1911.

The oldest formation in South Africa is gneiss, npon which highly

crystalline schists with intrusive granitic rocks are bedded. Immediately

upon the crystalline schists, probably unconformably, follows the Wit-

watersrand formation which, particularly in the Band district, is extensively

developed and divided into a lower and an upper division. While in

the lower division, in addition to quartzites, ferruginous schists occur

abundantly, the upper division consists chiefly of quartzites and con-

glomerates, with only one single slate bed, known as the Kimberley Reef

shale. These two divisions lie conformably to each other, the conglomer-

ates of the Main Reef Series forming the base of the upper division. In

general the thickness of the beds decreases towards the east.

While in the centre of the Rand the above-described normal section

with the Main Reef conglomerates as the lowest obtains, in the west a

number of other conglomerate beds occur still lower. In the Central

Rand the horizontal thickness of the Witwatersrand formation is 24,000

feet ; to the west, at Klerksdorp for instance, it is substantially greater
;

while to the east it is decidedly less. The beds, as illustrated in Fig. 452,

form an extensive, approximately east-west syncline, the outline of which,

particularly to the south, is disturbed by much detailed folding.

After the folding and tilting of the Witwatersrand formation fol-

lowed a period of eruption, to which extensive occurrences of volcanic

rock owe their existence. These constitute the Vaal River formation which,

apart from relatively small thicknesses of quartzite, conglomerate, and

coarse sandstone at its lower and upper limits, consists principally of

eruptive rocks. Upon the Vaal River formation comes the Lydenburg

formation, at the base of which is found the Black Reef ; and then the

Cape formation, which in its turn is overlaid unconformably by the

Karroo formation containing coal seams.

According to Voit, gold-bearing conglomerates and quartzites also

occur in formations younger than the Witwatersrand beds, the best

known of these being the Black Reef, and the Du Preez Series near

Rietfontein.

Concerning geological age, that of the Witwatersrand formation

has not yet been satisfactorily determined. While the crystalline rocks
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are Archaean, the Witwatersrand beds belong perhaps to the Algonkian,

the Lydenburg formation possibly to the Silurian, and the Cape formation

possibly to the Devonian.

With regard to gold content, only the conglomerates known as

' banket reefs ' come into consideration. These in general strike east-west

and at the surface dip at an angle of 60°-85° to the south, this dip

with greater depth becoming flatter. The banket or conglomerate con-

sists of well-rounded pebbles varying in size from a hazel-nut to a hen's

egg, and united by a siliceous cement. The rock separating the different

banket beds consists of quartzite or quartzitic sandstone. The gold

occurs in the cement and is associated almost exclusively with pyrite. In

the neighbourhood of the surface this pyrite is decomposed to limonite

in which the precious metal occurs as free gold.

Almost the whole of the gold production is obtained from the bed

known as the Main Reef Leader and another situated on an average about

30 m. in the hanging-wall and known as the South Reef. At Johannesburg,

including the Black Reef conglomerate, which as stated above lies

immediately at the base of the Lydenburg formation, seven such banket

series are distinguished. Of these the most important is the Main Reef

Series containing five thick conglomerates, namely, the South Reef, on an

average 2| feet thick ; the Middle Reef, 4 feet ; the Main Reef Leader,

1| feet ; the Main Reef, 10 feet ; and the North Reef, about 2 feet thick.

According to Schmeisser the following sequence obtains from the east to

the centre of the Rand

:

Du Preez Reef Series.

Main Reef Series.

Livingstone Reef Series.

Bird Reef Series.

Kimberley Reef Series.

Klippoortje Reef Series.

Elsburg Reef Series.

Black Reef Series.

The Main Reef Series is known for more than 80 km. along the strike.

From the outcrop the mines become deeper as they go farther south, those

at the outcrop being described as the outcrop mines, and those to the

south as the deep-level mines. Among the latter, some in 1911 had

already reached a depth of 1200 m., while others have been projected to

a depth of 1800 metres.

The gold content of the Witwatersrand conglomerates varies consider-

ably at different levels. In the neighbourhood of the surface, at a

depth of d,bout 30-70 m., it is sometimes very high, such richness being

due to cementation ; the Main Reef Leader where first worked yielded

at times as much as 6 ounces per ton, while from the Jumpers, specimens

from the neighbourhood of the outcrop were so encrusted with fine gold

that assays of 600 ounces per ton were obtained. This cementation gold

is completely crystalline, showing under the microscope well-defined

VOL. II 2t
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Fig. 452.—Map of the Witwatersrand showing the outcrop of the banket reefs aud
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crystal faces and sharp edges. In the primary zone the gold content is

exceedingly variable, not only in different mines but also on the different

levels of one and the same mine, A number of average values are given

later.

Almost the entire production comes to-day from the Main Reef Series,

the Black Reef and other series contributing but little. One of the

most productive mines is the Robinson, which in the year 1895 treated

140,655 tons, obtained from the different reefs in the following proportions :

From the Main Reef .... 36-92 per cent.

„ Main Reef Leader . . . 30-86 „
South Reef .... 32-22

From this tonnage, according to the manager's report, 120,113 ounces

of gold were won by amalgamation, 14,938 ounces by concentration, and

22,157 ounces by cyanidation, making a total of 157,208 ounces. This

gives an average of somewhat more than 19 dwt. per ton by amalgamation

and 3 dwt. by cyanidation, or together 22 dwt. 7 grm. The cost of mining

and treatment at that time amounted to 19s. 2d. per ton.

In the Heidelberg and Nigel districts, banket reefs, the geological

position of which has not yet been completely determined, are also worked.

In 1894 the production of these districts amounted to about 52,500 oz.

and in 1895 to 43,600 oz. of gold.

With increasing improvement in the mining and metallurgical equip-

ments successively poorer ores have become worked, as the following

statistics of average yield per ton of ore crushed indicate :

1890-1895
1896-1899
1902-1904
1905-1908

1909
1910

46-5 shillings = 17 grm.
40-6 „ =14-9 „
40-1 „ =14-7 „
341 „ =12-5 „
29-1 „ =10-7 „
28-6 ., =10-5 „

This great decrease is due chiefly, or perhaps exclusively, to the fact

that the present large scale of operations and the modern equipments

permit the mining of poorer ore than formerly was possible. Owing to

the irregular distribution of the gold in the conglomerate it has not yet

been possible to decide with certainty whether or not the deposits have

on the whole become poorer in depth. The sum of numerous observa-

tions would however point to a small decrease of the average gold

content in depth.

AVith the question of the genesis of the gold many authorities have

concerned themselves. The most recent comprehensive works on this

subject are by J. W. Gregory in 1907, and F. H. Hatch in 1911. There is

no doubt about the sedimentary origin of the conglomerate. Although
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for a time there was divergence of opinion as to whether it was a fluviatile

or littoral deposition, all authorities now regard the conglomerate as a

littora.1 formation. It was natural therefore to regard the gold [content

equally as sedimentary, which is the case for instance Avith the Cambrian

gravel-deposits of Dakota. This was the view held by Cohen and Ballot in

1887 and later, though still in the early days of the field, by authorities

such as Suess, PoSepny, Schenk, Fuchs, Halse, Pehkan, Gibson, Goldmann,

Bleloch, and G. A. Denny, in addition to many practising mining engineers.

A multitude of facts however speak against this theory of sedimenta-

tion. Were it a mechanical sedimentation the petrographical character of

the Kand conglomerate, excluding its condition of consoUdation, should

correspond with that of any other fluviatile or marine gTavel, that is to

say, the gold should be in the form of small, more or less indented water-

worn grains, particularly in the lowest portion of the conglomerate, while

auriferous quartz pebbles should also occasionally be met, and here and

there larger nuggets. Such characteristics have hitherto however not been

observed. A considerable difference also exists between the gold content

of the Rand conglomerate and that of ordinary auriferous gravels, in

that the Rand conglomerate is nmch richer than such gravels usually are.

There is accordingly no justification for regarding this conglomerate as an

ordinary fossil gravel.

Some authorities, as for instance E. Cohen, F. PoSepny, G. F. Becker,

and J. W. Gregory, have endeavoured to remove the difficulties to the

acceptance of these deposits as fossil gravels by assuming a subsequent

chemical re-arrangement of the former gravel gold. According to their

view this is an auriferous marine gravel the material of which was derived

from gold-quartz lodes ; they consider that originally this gravel contained

small gTains of gold which subsequently by the action of solutions became

dissolved, the gold being re-deposited in its present form. Gregory,

who in 1907 concerned himself greatly with this question, considered the

gold of the Witwatersrand banket to be marine gravel gold, and the pyrite

to be altered magnetite. These modified gravel theories accordingly repre-

sent the Witwatersrand conglomerates as an analogous formation to the

Cape Nome gravels.

Krusch, after examination of material collected by H. Weber from the

last-mentioned gravels, gives the following substantial difference between

the Witwatersrand auriferous conglomerate and ordinary auriferous

gravel :
' In recent marine gravels, as already indicated by Beck in his

Lagerstdttenlehre, fine quartz grains predominate, while in the Witwaters-

rand conglomerate pebbles predominate. Although in both cases large

nuggets are absent, the form of the gold in the Witwatersrand conglomerate

is essentially different from that of Cape Nome. Observed with the
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naked eye the gold particles of marine sediments are not unlike

crystal aggregates ; under the microscope however they prove to be

skeletons of former nuggets, highly corroded by the action of sea-water,

and scored in all directions by corrosion chamiels. In auriferous gravels

therefore sea-water has principally dissolved and not deposited gold.'

If the gold in the Witwatersraud conglomerate be regarded as the

remnants of former nuggets, the relatively high gold content of the con-

glomerate is very striking. Gregory's hypothesis assumes that between

the pebbles only the heavy material such as gold and magnetite remained,

while the lighter sandy material was washed away ; the assumption of the

alteration of magnetite to pyrite presents, however, great difficulties. In

addition, there are other factors, mentioned below, which cannot be

brought into harmony with the alteration of a primary gravel.

A third school, including principally Penning, Hamilton, de Launay,

Stelzner, and F. W. Voit, in dealing with the origin of the gold in the Wit-

watersraud conglomerate,-^ advocates the theory of precipitation, according

to which the gold is a sedimentary chemical deposit. Voit considers

that the gold in hot ascending solution reached the surface along the

littoral where the conglomerate was being formed, when together with the

p\Tite it became precipitated. He bases his view upon the occurrence of

the pyritic band illustrated in Fig. 4. This precipitation theory also is

not free from objection. Since the normal gold content of sea-water

is not sufficient in itself to explain the high content of the conglomerate,

auriferous springs must be assumed to have assisted. Did such springs occur

however, it is remarkable that they were active only during the formation

of the conglomerates, and not—or only to quite a small extent—during the

sedimentation of the intercalated quartzites, etc. If the co-operation of

springs be not assumed but the gold content of the sea-water be regarded

as having been sufficient, a further difficulty lies in the fact that in the

laboratory it is not possible with the agents present to precipitate gold

from such dilute solutions ; very energetic assistance is necessary to bring

this about. Voit believes precipitation to have been promoted by surf

action and by comminuted organic substances, and points to the carbon

content of the beds. This carbon however, though frequently observ-

able, is in many mines completely absent. Furthermore, with regard

to the pyrite, Gregory considers this as derived from magnetite, while

authorities generally insist upon its secondary character.

Most authorities, as for instance, E. Dorsey, A. K. Saw}"er, Gardner

F. Williams, J. S. Curtis, J. Kuntz, P. Krause, J. Hays Hammond, F. H.

Hatch, Beck, and others, assume the subsequent impregnation of the

conglomerate. According to this theory, the conglomerates were already

1 Monthly Report of the Deutsche geol. Ges., 1908, Vol. XL. No. 5.
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consolidated at the entry of gold-bearing solutions representing the after-

efiects of the extrusion of the extensively occurring diabase.

The generally well - rounded quartz pebbles He in a matrix which

consisted originally almost exclusively of loose quartz sand, but which

subsequently became cemented by secondarily infiltrated quartz. In

addition to the quartz pebbles and sand, according to Hatch—the foremost

authority on the geology of the Rand—only zircon in microscopic crystals,

and as rareties, chromite and iridosmium in rounded grains, occur as

primary constituents. Of secondary minerals, there are on the other

hand a large mmaber, namely, secondary quartz, chloritoid, chlorite,

sericite, calcite, tourmaline, rutile, pyiite, marcasite, pp-rhotite, chalco-

pyrite, sphalerite, galena, stibnite, cobalt- and nickel arsenides, graphite,

gold tellmide—admittedly only as a great mineralogical rarity—and gold.

In addition to sihcification, a ppitization with an increment of

about 3 per cent of pyrite principally in well-defined crystals, also took

place. Pyrite concretions with radial and sometimes with concentric

structure, also occur, while here and there quartz pebbles and quartz

sand have been metasomatically replaced by pyrite. The secondary char-

acter of the pyrite is seen from the fact that the primary zircon crystals,

and sometimes even the flakes of secondary chloritoid, are encrusted with

pyrite. In other respects also, metasomatic processes have played an

important part. For instance, pebbles and gTains of quartz are found

more or less altered to calcite, while pseudomorphs of quartz after chloritoid

likewise occur.

Graphite occurs abundantly in the conglomerate of some mines, but

is completely absent from that of others. Formerly, this graphite was

explained by the alteration of organic substances deposited simultaneously

with the conglomerate. According to C. R. Young -^ however, the

graphite also is a younger formation, since it has occasionally replaced

quartz.

Between the gold and the pyrite a very close association exists. Under
the microscope, according to Hatch, it is seen that minute crystalhne gold

particles have grown upon pyrite crystals. Gold is also found along cracks

between the aggregates of pyrite crystals, and as fiJms around globular

pyritic concretions. Where graphite occurs a close association between

it and the precious metal may be observed in that gold occurs coating the

graphite. Gold is also found in small veins of secondary quartz uniting

broken quartz pebbles. Pyrite and graphite have accordingly occasionally

precipitated gold. Further, a coimection between the 30-40 m. wide

diabase dykes which cut through the conglomerate in great number, and

the average gold content of the conglomerate, may frequently be observed.

1 Trans. Geol. Soc. South Africa, 1911, XIII. p. 65.
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Often the gold content increases on both sides of such a dyke ; in other

places a dyke forms the boundary between a rich and a poor patch, a

fact indicating that the diabase intrusion cannot be older than the

precipitation of the gold.

Since in many places in South Africa gold- quartz lodes occur in

association with metasomatic deposits, as for instance in the De Kaap and
Pilgrim's Rest goldfields, the possibility of the occurrence of mineral-bear-

ing fissures is proved. Kuntz mentions similar quartz lodes on the West
Rand, and even quotes diabase dykes as being auriferous.

This theory also explains the fact that the gold conglomerates occur

at different horizons up to the Black Reef series, and are not confined to

one horizon. The limitation of the gold content to the conglomerate

beds—with the exception of the quartzite and quartzitic sandstone partings

between and in immediate contact with the conglomerate—is explained

by the greater interstitial space and permeability of the conglomerates.

In this connection also, the determination by Kuntz that the gold con-

tent of the conglomerate is particularly high along many diabase dykes, and

that a connection exists between the degree of the inclination of the beds

and their gold content, is significant. In many cases—^according to Voit

there are however quite a number of exceptions—the steep parts, that is,

those more tilted and consequently disturbed, are richer in gold than those

in greater depth and lying flatter.

Hatch gives the following summary of the different stages in formation :

1. Classification and sedimentation of the coarse and fine material, arising from the

denudation of the surface of the old Swaziland formation—Archaean.
2. Consolidation of the quartz pebbles and sands under an increasing thickness of new

sediments, to conglomerates and quartzites, through cementation by silica—quartz.

3. Subsidence of the earlier sediments to a considerable depth under j-ounger forma-
tions. The formation of chloritoid from clayey material probably took place at this stage.

4. (a) Tilting of the beds with simultaneous folding and dismemberment by faults.

(b) Injection of the eruptive magma—diabase dykes—into fissures, together with the

formation of pyrite, deposition of graphite, and precipitation of gold from thermal mag-
matic solutions given off at the consolidation of the eruptive intrusions.

5. Metasomatic rei^lacement of allogenic as well as authigenic quartz by pyrite and
calcite, and of chloritoid by quartz ; cementation of the small cracks by quartz ; these

processes being accompanied by renewed precipitation of gold.

6. Decomposition of pj-rite within the oxidation zone whereby the gold mechanically
enclosed in the pyrite became liberated, and a simultaneous concentration of gold bj' the

usual secondary enrichment processes.

History.—The Rand auriferous conglomerates in the southern Trans-

vaal, 1800 m. above sea-level, have been known since 1884, in which year

the brothers Struben—after Arnold in the previous year had discovered

traces of gold in the district without finding a payable deposit—were

successful in finding on the farm Wilge Spruit and soon afterwards also

in other places south of the Witwatersrand, a number of auriferous beds.
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In the year 1885 the first five-stamp battery was erected, from which in a

trial crusliing from the Bantjes mine, gold at the rate of 44 grm. per ton

was recovered. The conglomerate beds were then traced and followed with

such energy that during the year 1896 nine farms were declared as public

goldfields. Then followed discovery after discovery, till in a short time

the occurrence of gold-bearing conglomerates as far as Klerksdorp was

established. When at a depth of 100-300 feet the oxidation zone with

its free-milling gold was bottomed and the primary zone entered, the

disappointment of only being able to recover some 60 per cent of the gold

by amalgamation was experienced, and work proceeded with great loss of

gold. This difficulty however was surmounted in the year 1890 by the

introduction of the cyanide process. This process, which for the pyritic

or refractory ore is of vital importance, consists in treating the tailings

after amalgamation with cyanide, whereby the gold is taken into

solution and subsequently precipitated. By this means generally 20-30

per cent of the total gold content, equivalent to 70-80 per cent of the

content of the taiUngs, is won. The total extraction by amalgamation

and cyanidation is now 93-96 per cent, only about 4-7 per cent being

unrecovered.

Another important event in the development of the industry was the

connection of the Transvaal railways with those of Cape Colony on

October 1, 1892, this connection taking place first over Kimberley, a distance

of 480 km., and then over Vereenigung on the Vaal River, a distance of

67 kilometres.

A further favourable factor in the development was the availability of

coal seams in the Witwatersrand syncHne, which, though known long

before the discovery of the gold, had, owing to the sparseness of the

population, till then not been exploited.

Production.—The following table from Hatch gives the production of

the Witwatersrand mines up to 1911 :

[Table
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The cMerences in the value recovered per ton crushed in different

mines, are noteworthy. In the case of some large mines the cost of

production, including administration, has been reduced to as low as 13s. 8d.

per ton, equivalent to 3|dwt or 5 grm., so that in such mines even with

5 dwt. or 7-8 grm. recovered, a profit of 6s. 6d. per ton is obtained.

In the year 1910, in thirty-six mines, altogether 81,000,000 tons of ore

assaying 6-3 dwt. were developed.

The mines now generally work at a depth of 1000-2500 feet, though

some have even reached 4000 feet. At a depth of 1000 feet the average

rock temperature is 68-7° F. or 294° C, representing an increase of only

about 1° F. per 208 feet of depth, or 1° C. per 374 feet, a rate of increase

which is considerably lower than is generally the case elsewhere. At a

depth of 7000 feet therefore a temperature of only 97-5° F., or 34-4° C, is

to be expected. At this rate and with good ventilation, work may well be

continued to a depth of 7000 or even 8000 feet.

Down to a depth of 6000 feet Hatch in 1911 estimated the amount of

gold still to be won at £1,046,000,000, or sufficient for an annual production

of £30,000,000 for a period of thirty-five years. In the next few years

the production will undoubtedly exceed such an annual figure, but against

this factor tending to diminish the life, must be set the probability of

mining operations continuing deeper than 6000 feet. The Witwaters-

rand may accordingly play a dominating part for yet another generation,

after which it will doubtless decline.

The gold industry of the Witwatersrand in April 1911 employed

25,000 Europeans and 194,000 natives, together therefore 220,000 em-

ployees. Chinese are no longer employed.

Other African Gold Conglomerates

LITERATURE

A. R. Sawyer. ' The Tarkwa Goldfields,' Trans. Inst. IVIin. Eng. London, 1902.—

S. J. Trtjscott. The ^itwatersrand Goldfields, 2nd Ed., 1902, p. 487.—R. Beck. ' Einige

Bemerkungen iiber afrikanische Erzlagerstatten,' Zeit. f. prakt. Geol., 1906, p. 208 ;
Lehre

von den Erzlagerstatten, Vol. II. Berlin, 1909.

1. MasJionaland, Rhodesia

According to Beck, the Ayrshire mine in the Lomagunda district,

though working chiefly an auriferous hornblende-gneiss, discovered in the

year 1904 upon a range some 15 km. farther south, a valuable conglomerate

striking parallel with the Ayrshire bed and capable of being followed lor a

length of 4-5 kilometres.

This conglomerate consists of pebbles of granite, quartzite, and other

crystalUne rocks, in an abundant cement possessing the character of a
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quartz - biotite - amphibolite ; where quartz predominates tlie tessellated

structure typical of regional-metamorphosed sediments is exhibited. In

addition to free gold, magnetite and pyrite are found.

The conglomerate bed in the Eldorado mine on the Hunyani is 1-8 m.

thick, and in the upper levels contains on an average 24 grm. of gold

per ton. Richness of this conglomerate immediately above the calcareous

schists forming the foot-wall is characteristic. Beck, however, expressly

points out that petrographically this conglomerate bed in no way resembles

that of the Witwatersrand. From descriptions it is probably a fossil gold

gravel.

2. The Tarkwa Conglomerate in the Wassau District, Gold Coast

This conglomerate, consisting chiefly of pebbles of quartz, quartzite,

decomposed felspars, and fragments of phyllite, has been studied more

particularly by Sawyer, Truscott, and Beck. The last-mentioned authority,

beside much granular quartz and sericite, found in the cementing material,

chlorite and a chlorite-mica closely related to chloritoid ; and in addition,

ilmenite and magnetite, the latter in part with a haematite crust. As

uncommon constituents he mentions also, zircon in rounded crystals,

tourmaline, cormidum, and free gold. The beds, which are traversed by

east-west faults, strike approximately north-east and dip sometimes flatly,

sometimes steeply, to the north-west. They are probably early Palaeozoic.

The precious metal occurs in small crystals or flakes and is characterized

by great purity. As with the Witwatersrand conglomerate, the pebbles,

apart from that which may have subsequently infiltrated, contain no

gold. The gold content amounts to about 14 grm. per ton.

3. The Ussungo-Sekenke Conglomerate, East Africa

These deposits have been described in detail by Beck, to whom
samples and descriptions had been sent by J. Kuntz.

In the Ussungo district they occur steeply inclined, in alternation vrith

light-coloured quartzitic sandstones. Although this conglomerate at first

glance appears to present much analogy to that on the Witwatersrand,

Beck draws attention to a number of differences. Usually the pebbles are

only as large as a hen's egg. They consist chiefly not only of quartz but

also of crystalline rocks, such as iron- quartzite schists, fine-grained

granite, and eruptive rocks rich in hornblende. The matrix represents a

quartz aggregate with fine scaly sericite and abundant pyrite, this latter

frequently occurring in bands or spherical aggregates. The gold occurs

native or associated with pyrite, though it has also been found by

Kuntz in pebbles of iron- quartzite schist. The gold content of the
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conglomerate is on an average only 3-4 grm., though in places it may
increase to 14 grammes. Owing to this low content the deposit is of no

economic importance.

According to Kuntz and Beck, at Sekenke, close upon the Wembere
desert/ remnants of auriferous conglomerates are found in the neighbour-

hood of gold lodes, these conglomerates being thicker on the slope than

higher up. They form a 20-60 cm. bed in a simple formation con-

sisting in greater part of sandstones. The pebbles are almost exclusively

of quartz, and subordinately of quartzite-schist. Since some of these

are still angular, Kuntz'a* idea that the material was derived from dis-

integrated gold lodes is probably correct. The small amount of matrix

consists, according to Kuntz, of opal and quartz. The gold content is low,

reaching only 10 grm. per ton,

Othee Auriferous Conglomerates
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1. The Homestake Conglomerate, Black Hills, South Dakota

According to Henry Newton, the Black Hills, situated in greater part

in South Dakota, consist of a roughly elliptical core—about 200 km. long

in a north-west direction and 96 km. A\'ide—of granite and old slates,

overlaid unconformably by Cambrian—the so-called Potsdam sandstone

—Carboniferous, Jurassic, Triassic, and Cretaceous. Tertiary volcanic

rocks, principally phonolite, break through all these beds. The highest

point of the Black Hills is the Terry Peak which reaches a height of 2155

metres. The folding which resulted in the present configuration took place

in the Upper Cretaceous and in the Eocene.

According to Irving and Emmons, gold deposits in the form of old

gravels occur in the pre-Cambrian, Cambrian, and Carboniferous. The
conglomerates in the pre-Cambrian are said to be the earliest known gold

^ Ante, p. 624.
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deposits in the United States. In these the gold is found together with

tourmahne, garnet, and cassiterite. Frequently the precious metal is

intergrown with glassy quartz and calcareous schist. The deposits are

to-day of no importance. The Carboniferous formation is represented

by limestones which, chiefly west of Crown Hill and Portland, contain

metasomatic gold- and silver deposits.

The Cambrian deposits however are those which deserve most mention.

These conglomerates, up to 10 m. thick and having all the characteristics

of basal conglomerate, occur immediately above the Algonkian crystalhne

schists. In places they merge into quartzite. Soft sandstones and

quartzites, overlaid in turn by later Cambrian beds, form the hanging-wall.

The conglomerates are auriferous, the gold occurring in particles which

have resulted from the disintegration of auriferous lodes. As with many

gravels, the deepest layer contains most gold ; in this case chemical re-dis-

tribution may have played a part. In places the conglomerate is traversed

by rhyoUte. According to Jaggar and Emmons this is an old Cambrian

gravel-deposit. From the fact that the beds lying above the conglomerate

contain marine fossils, in conjunction with the further fact that the con-

glomerate is only of limited extent and merges on all sides into sandstone

containing marine fossils, it is probably a littoral formation.

Becker describes a number of other auriferous conglomerates, some

of which have been worked. Of these the following are worthy of mention :

that in the Bald Mountain district in northern Wyoming, probably

belono-ing to the Silurian ; the Triassic conglomerates containing a little

gold, east of the gold district in the southern Appalachians ; three pre-

Tertiary auriferous conglomerates in California, two of which belong to

the Cretaceous and the third to the Jurassic ; a conglomerate probably of

Carboniferous age at Corbetts Mills, Colchester Co., in Nova Scotia, where,

as Avith recent gold gravels, the gold is found more particularly in the lower

portions of the conglomerate, and subordinately in small cracks in the

foot-wall slate ;
conglomerates at several places in Austraha, as for instance

in the Peak Downs district in Queensland, at Tallawang and other places

in New South Wales, South Austraha, and in Tasmania, several of which

are Carboniferous, and in which occasionally rounded nuggets, weighing

as much as 5 oz., have been found ; that, probably belonging to the

Upper Cretaceous, at Blue Spur in New Zealand at the contact of Tertiary

and Cretaceous ; and finally, the Lower Carboniferous conglomerate at

Besseges in the department of Gard, France.

According to Becker, in all these cases it is a question of fossil gravels,

in which the gold occurs more pai-ticularly in rounded grains and principally

in the lower poi-tion. Becker further points out that these old gravels

—

mth the probable exception of those in New Zealand—are not of liuviatile,
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but of marine origin. This may be because fluviatile deposits upon sub-

sidence to below sea-level would in general be destroyed by wave action,

while coastal deposits, in part formed from such fluviatile gravels, in

consequence of protection by later sediments, would survive.

THE LEAD-, ZINC-, AND COPPER BEDS

In relation to composition very different deposits are included in this

group ; it may be taken that in all probability from a genetic point of view

also, there will be differences. In all cases however the form is that of a

bed, that is, the mineralization is limited to certain geological horizons.

The metalliferous bed however consists by no means entirely of payable

ore, but very frequently of rich patches in a poorer and larger extent. The
thickness is very variable ; in many cases, and especially when there is

only one bed, it is less than 1 m., while only exceptionally is it more.

The geological age of the beds here grouped together may be very

difEerent, as the following summary shows :

Tertiary : the Boleo and Alghero deposits.

Keuper : the Freihung, Alderley Edge, and Mottram deposits.

Bunter : the Commern, Mechernich, and St. Avoid deposits.

Archaean : the Ammeberg deposit.

Often, as at Commern, Mechernich, Boleo, St. Avoid, and Freihung,

the ore occurs in the form of roundish concretions or nodules, known in

Germany as Knotten. In different concretions crystallization has acted

differently ; although in most cases the roundish irregular form predo-

minates, with galena, for instance, more or less rounded cubes occur.

Compact ore-beds, though occurring, as for instance in places at

Boleo and Ammeberg, are uncommon ; fairly regular aggregates of sand-

stone grains cemented by ore are, on the other hand, as at Commern
and Mechernich, more frequent.

With regard to composition, two main groups may be differentiated,

namely, sulphide lead-zinc beds, as at Commern, St. Sebastien d'Aigre-

feuille, and Freihung ; and copper carbonate beds, as at Alghero, Boleo,

St. Avoid, and Alderley Edge.

The genesis of these deposits cannot always be satisfactorily established.

Strictly speaking, only syngenetic deposits, that is, those in which the ore

and country-rock are contemporaneous, should be reckoned to this group.

Later investigation however, has shown that in some cases formerly

regarded as syngenetic, the ore in fact was introduced subsequently.
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Since therefore under existing circumstances it cannot always be deter-

mined whether such an occurrence is syngenetic or epigenetic, the authors

consider it proper to include in this group all such as of wliich the

epigenetic nature has not yet been finally established. In this con-

nection, the sparseness or absence of gangue-minerals, which is a feature

of these deposits, is an important factor ; in many epigenetic deposits,

in addition to the ore, other minerals are found, the presence of which, in

itself, is sufficient proof of a subsequent impregnation.

To a certain extent the Ammeberg deposit occupies a special posi-

tion in that it exhibits properties such as are generally observed with

contact-deposits. It is true that this deposit is also exceptional in regard

to its very great age, and in the course of geological time it may accord-

ingly have suffered intense subsequent alteration.

Where primary sulphide lead-zinc ores occur, as for instance at Com-

niern, Mechernich, Freihung, Saint Sebastien d'Aigrefeuille, Ammeberg,

these in the neighbourhood of the surface are altered to the ordinary

oxidized ores. In the gossan are found, for instance, brown-coloured

sandstones and conglomerates cemented by cerrusite, anglesite, or pyro-

morphite. The primary copper carbonate ores but seldom undergo

alteration in the neighbourhood of the surface. When, on the other hand,

chalcocite occurs as a primary ore—as for instance in the unimportant

deposit at Senze de Itombe in Angola, in Cretaceous sandstone—the

opportunity for the formation of secondary copper carbonates by atmo-

spheric agencies is afforded. At Senze de Itombe accordingly, sandstone

containing malachite and azurite, occurs in the neighbourhood of the

surface, while chalcocite in sparing amount is found in greater depth.

Of the accessory precious metals with the sulphide lead deposits

silver is the more notable, the amount of this in the occurrence at St.

Sebastien d'Aigrefeuille being considerable.

The extent of these metalliferous beds may be considerable, sometimes

over many kilometres. Taking the metal content into consideration how-

ever, it is found as a rule that the payable zones are but limited occurrences.

Of these deposits three are economically important, namely, those of Boleo,

Ammeberg, and Commern-Mechernich, the last unfortunately being in

greater part exhausted. The others are of small importance. On the

whole, therefore, with this class of deposit extensive ore-deposits appear

to be uncommon.
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The Ammebekg Sphalerite Bed in Middle Sweden

LITERATURE

A. E. ToRNEBOHM. Explanatory Text with the geological map, MeUersta Sveriges
Berslag, Section No. 7, 1881, p. 31.—H. E. Johansson. ' The Ammeberg Zinc Ore Eield,'
Geol. Foren. Forh., 1910, pp. 1051-1078 ; also Pamplilet No. 35, ' Guides des excursions en
Suede,' Inter. Geol. Congress. Stockholm, 1910.

The important metalliferous district of Ammeberg, the position of

which is indicated in Fig. 241, belongs to the Swedish granulite- or leptite

formation, reckoned among the later fundamental rocks. In the immediate
neighbourhood of the mining area difierent gneisses and granulites—or

leptites—occur chiefly, and gabbro-diorite, amphibole-peridotite, eklogite,

etc., and limestone, subordinately. To the south and west this intensely

folded and crumpled area is cut ofi by an extensive granite occurrence,

smaller masses of granite being also found in the immediate neighbourhood
of the mines.

The ore occurs in the form of beds and fahlbands in a grey granuHte

rich in microcKne. In addition to the principal sphalerite bed, which has

been folded with the country-rock, several other ore-beds or fahlbands

occur not far in the hanging-wall and foot-wall, among these being a
poor sphalerite bed in the hanging-wall, and a 20-30 m. thick pyrrhotite

bed containing 15-30 per cent of pyrrhotite, some sphalerite, etc., in the

foot-wall. Immediately in the hanging-wall of this ore-bearing granulite

zone several thick limestone beds, some 4 km. long, occur. The principal

sphalerite bed may be followed almost without interruption for a length

of 5 kilometres. Of this, however, only a number of lenticular swellino-s,

which in places may reach 12-15 m. in thickness, are payable ; the average

thickness of the payable ore is 4-5 metres.

The ore, occurring conformably to the country-rock, has a pronounced
bedded structure. It is intergrown chiefly with the usual granulite minerals,

namely, microcline, some quartz, subordinate plagioclase and biotite, and
more rarely, pyroxene, hornblende, and garnet. A so-called wollastonite

rock, which in addition to wollastonite contains some zoisite, garnet, and
vesuvianite, occurs in the immediate foot-wall. In the close vicinity

of the occurrence a pyroxene rock resembling the typical skarn of the

Swedish iron deposits ^ is found. Granite- and pegmatite dykes frequently

occur, sometimes conformably bedded and sometimes transgressive, in

which latter case they cut across the ore-bodies.

In the principal bed, sphalerite with a low iron content forms the chief

mineral, though galena, particularly in certain layers of the hanging-wall,

also occurs. Chalcopyrite and pyrite are practically speaking completely

1 Ante, p. 383.
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absent. Pyrrhotite is hardly ever found in the zinc ore itself, though it

occurs in certain layers or impregnated zones in the foot-wall. Native

silver is found here and there in crevices, where it has probably been

precipitated secondarily.

The ore-bodies have generally a steep dip to the north, along which

up to the present they have been followed for a vertical depth of 350

metres. The mines since 1857 have belonged to the Vieille Montague

Company, and the operations have been extensive. About 10,000 tons of

clean hand-picked ore containing 38-39 per cent of zinc, and some 45,000

tons of milling ore with 21 per cent of zinc, are won annually. From the

latter about 21,000 tons of dressed ore with 37-38 per cent of zinc, 5000

tons of poor concentrate with 25 per cent of zinc, and 350 tons of lead ore

containing 72 per cent of lead and 800 grm. of silver per ton, are obtained.

The dressed ore ready for the market usually contains 38-38-5 per cent of

zinc, 3-3-3 per cent of lead, 0-02 per cent of copper, and only 2-5-3 per cent

of Fe ; while the insoluble residue amounts to 31 per cent, and the sulphur

to 18-5-21 per cent. From 1857 up to and including 1909, altogether

1,968,729 tons of picked- and milling ore were produced.

Formerly this ore-bed was regarded by Swedish geologists and mining

engineers preferably as a sediment. Johansson is inclined to consider

it a magmatic segregation, to which class of deposit he reckons also the

Swedish iron occurrences of the Persberg-Dannemora t}'3)e.^ The authors

however regard these last as contact-metamorphic deposits, while they

consider that the occurrence of wollastonite, vesuvianite, and skarn at

Ammeberg, justifies the assumption of a similar genesis for this deposit.

Nevertheless, since the genesis of the deposit has not yet been agreed,

the authors, following the example of many Swedish geologists, place it

for the present among the ore-beds.

Some 8 km. from Ammeberg is situated the previously-mentioned

cobalt occurrence of Vena,^ while in the immediate neighbourhood some

iron deposits occur.

The Nodulae Lead Deposits at Commern and Mechernich, Eifel
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1 Ante, p. 390. 2 Ante, p. 1140.
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f. Berg- Hiitten- und Salinenwesen im pr. Staate, XIV. pp. 159-179, 1866.—Haber.
'Genesis der Bleierzo im Buntsandstein des Bleiberges bei Commern,' Berggeist, Vol. XI.,

186(3, and Vol. XII., 1867.—F. W. H upertz. Der Bergbau- und Hiittenbetrieb des Mecher-
nicher Bergwerkes-Aktien Vereins. Cologne, 1883.— M. Blanckenhorx. 'Die Trias

am Xordrande der Eifel zwischen Commern, Ziiljjich und dem Roertal,' Abhandl. z. geol.

Spezialkarte von Preussen und den Thiiringischen Staaten, Vol. VI. Part 2. Berlin, 1885.

The Triassic area on the north border of the Eifel forms an upland,

the heights of which to the west and south-east consist of Main Bunter,

while the flat undulating country in the centre owes its even surface to the

softer nature of the Upper Bunter. On the north-east border later Triassic

beds occur, the Upper Muschelkalk always occupying the higher points.

The Bunter, economically the most important member of the Triassic,

is known for the many mining operations carried on principally in its lower

division. It occupies the largest portion of this bay-hke Triassic area, out-

side of which it also occurs in isolated patches. Blanckenhorn divides the

Bunter into an upper and a lower stage. While the former corresponds

to the Roth of Middle Germany and the Voltzia sandstone of West Germany,

the latter—the Main Bunter horizon—is equivalent to the Lower and

Middle Bunter of Middle Germany, or the Vosges sandstone of West
Germany.

In respect to mineralization, only the Main Bunter comes into con-

sideration. This consists of an alternation of coarse conglomerates and

coarse-grained sandstones, of which the former contain boulders of quartzite

grauwacke, sandstone, and white, opaque, though exceptionally transparent

quartz, up to 35 or 40 cm. in diameter. Middle Devonian limestone

pebbles are more uncommon. The cementing material is argillaceous and

more or less ferruginous. In the neighbourhood of the metalliferous

sandstones—known generally as Knotten beds—the conglomerates are

generally white, and the cementing material consists of crystalline flaky

galena, cerussite, and copper carbonates. Such conglomerates have been

worked more particularly at Call in the Caller Stollen, in the Meinertz-

hagen Bleiberg property, the Virginia mine, and in the Gottessegen mine on

the Griesberg. The relation between the lead and copper is very variable.

With the ore, dolomite, calcite, pyrite, and barite, occur in druses. Alter-

nating ^vith these conglomerates are coarse-grained sandstones, the grains

of which are often transparent, sometimes crystal-shaped, but generally

rounded. The matrix is frequently sihceous-argillaceous, often ferruginous,

and occasionally somewhat calcareous.

These sandstones are characterized by the occurrence of ore nodules.

By these are understood roundish concretions of 1-5 mm. diameter, con-

sisting of quartz grains, mth galena, more rarely cerussite, azurite, and

malachite, as cement. The barren or worthless beds, in the place of lead

ore, carry iron- or manganese hydrate. It is an interesting fact that the
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galena nodules frequently present the angularity characteristic of crystals,

^ ^^ V^
Low Devon. Mid. Devon. LowiMid. Upper Keuper. Muschelkalk.

Banter Bunter^
Diluvium. Alluvium Faults

Fig. 453.—Geological map of the district around Mecheruich. Geol. Map of Prussia.

while occasionally even cube-shaped outlines may be recognized. Cerussite

occurs as a secondary alteration product at the outcrop. The copper ores
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may also sometimes occur in pea-sized concretions of irregular shape, though

generally they form a more regular impregnation. The relation of the

nodules to the sandstone mass is very variable ; while in some places these

nodules occur close together, in others there are wide intervals where none

are found.

Blanckenhorn mentions, in addition, both smaller and larger globular

concretions, which differ from the enclosing sandstones in their greater

compactness, and have a cement of crystalline dolomite, and exceptionally

calcite. More rarely larger nodules are met with cerussite as the cement-

ing material.

Unlike the white ore-bearing beds, the red sandstones in general

are barren. Their cementing material is irregularly distributed, causing

peculiar weathering phenomena, in that beds and irregular patches of more

compact material have survived, while the looser material around them

has succumbed to erosion. The seat of the Bunter upon the Devonian in

M'^:/^

Fig. 454.- -Diagramniatiu section through the Bimter containing the nodular ore of Commern
and Mechernich.

the foot-wall is but rarely to be observed. Usually the lowermost bed

is a conglomerate, below which, occasionally, a thin layer of red clay con-

taining many fragments of red-coloured Devonian rocks is found.

A definite sequence of the Main Bunter beds for the whole district,

owing to the frequent petrographical changes of individual layers,

cannot be formulated. The ore content of the same bed varies continually,

each conglomerate bed may merge into sandstone and each sandstone bed

into conglomerate. A considerable thickness may in one place be developed

exclusively as sandstone, and in another as conglomerate. Nevertheless,

in the Main Bunter on the right bank of the Blei in the south-east portion

of the Triassic syncline at Bleiberg, a lower metalhferous portion with white

nodular beds, and an upper, dark, non-metalliferous portion containing

much iron, may be distinguished. These two portions are separated by a

non-metalliferous conglomerate 2-46 m. thick.

The genetic conditions of the lead deposits at Commern are not simple.

The Bunter, as illustrated in Fig. 161, is broken by a large number of trans-
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verse faults into mutually displaced sections. Since these fissures in places

cut through and elongate individual nodules, it is evident either that, in

part at all events, they are younger than the nodules, or that movement

along them recurred at some later date. From this the too far-going

conclusion has been drawn that the formation of the nodules owes

nothing to the presence of the faults.

Concerning mineralization there are in general two views, namely,

those respectively of syngenetic and epigenetic formation. The Bunter

on the north border of the Eifel represents imdoubtedly a littoral formation,

proof of this existing in the sudden change of sandstone beds into beds of

conglomerate, and vice versa. The possibility must therefore be considered

that plumbiferous mineral springs emerged through the sea floor and

saturated the accumulating sands, depositing their lead content in the

form of sulphide, in suitable places and around certain centres. Against

South-west opencut Xorth-east opencut

Fissures filled

with soft clay
and sand.

Fig. 455. -Diagrammatic section through the opeucuts on the Gviesberg near Coniraern,

belonging to the Gottessegeu Company. Blanckeuhorn.

this view of a syngenetic formation however, the sudden change in the

distribution of the ore nodules, as \^'ell as the occurrence of mineral druses

in the conglomerate, must be set.

Haber and Po§epny have pointed out that though the nodules generally

speaking lie parallel to the bedding, they also frequently form zones along

both sides of the steeply inclined fissures ; that is to say, they are likewise

arranged transversely to the bedding. In many cases a relation between

the nodules and narrow lead veins exists, in so far that the latter are con-

tinued as nodular zones. It is also a noteworthy fact that argillaceous

concretions are free from lead. In addition, not far from Commern, normal

lead lodes of considerable width occur in the Bunter and Devonian. The
Caller-StoUen mine for instance, according to P. G. Krause and Krusch,

works principally a lead lode, though certain Bunter beds in the neighbour-

hood of the lode fissure are altered to nodular ore-beds. For these reasons

the authors consider it more correct to regard the deposit at Commern as

epigenetic. Beyschlag has long recognized it as an impregnation connected

with lode fissures. While the fissure-filhng in the Devonian took the form
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of a normal lode, the ore solutions in the overlying permeable Bunter

departed laterally from the fissure to saturate the rock, wherein their metal-

liferous content eventually became deposited in the form of nodules.

The content of the deposit may be gathered from the following figures :

according to Hupertz the ore in situ over a thickness of 22 m. contains on

an average 0-5-3 per cent of lead in the form of galena. The ore mined,

which comes from the richer parts, contains 2 per cent of lead. In dressing

this ore 94 parts of the lead recovered is in the form of nodules containing

15-24 per cent of lead, 5 parts in smelting ore containing 55-60 per cent,

and 1 part in low-grade ore containing 10-14 per cent. The nodules are

subsequently further concentrated.

Lead mining on the north border of the Eifel was presumably begun

by the Celts before the invasion of the Eomans. At all events the Eoman
water ditches were carried over old dumps, while dump sand was used

in the preparation of mortar for their construction. At that time, compact

galena was probably won from fissures in the sandstone. The ore nodules of

the Bunter became of importance only at a later date. The first to attract

attention were the overlying coarse, more or less ore-cemented conglomerates

which, mainly at the western boundary of the area, cover the ore-bearing

sandstone in great thickness.

The present exploitation of these nodular deposits dates back to the

year 1629, when the lords of Meinertzhagen obtained permission from the

Duke of Arenberg to make and work an adit, as well as the sole right to

the minerals in the districts of Peterheid, Bach, Schafsberg, and Kohlau.

Up to the middle of the nineteenth century, apart from work in the con-

glomerate, mining was prosecuted underground and on a small scale only,

for azurite ore. The subsequent great expansion of work was consequent

upon the introduction of opencut operations in the year 1852. While at

first those portions were worked which were practically at the surface,

since about the year 1868 some 40-50 m. of surface covering have had to

be removed. In 1870 the working known as the ' new opencut ' was

begun, in which increasing compactness of the rock and decrease of galena

in depth render mining each year more difficult. At present the deposit

belongs to the Mechernich Company. Its economic importance may be

gathered from the following table, kindly placed by the management at

the authors' disposal

:

[Table
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Ore Mined
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The thickness of the ore-bearing beds is very variable, frequently

indeed they completely pinch out. The ore is chiefly cerussite, which in

places, particularly in the main ore-bed, is replaced by irregular patches

of galena. In depth the ore became poorer, and the previously successful

operations had consequently to be suspended in the year 1891.

With regard to genesis, it is significant that this deposit also is closely

connected with a large fault, and in this case also the assumption of an

impregnation zone is natural.

Similar, though less important lead deposits are recorded near

Pressath, particularly on the Eichelberg, north of Freihung.

Dogger

Granite *
, *

Fig. 456. -Diagrammatic sectiou through the lead deposit at St. Sebastien d'Aigrefeiiille in

France, at right angles to the strike. Glockemeier.

The Lead Deposit at St. Sebastien d'Aigrefeuille, Department
Gard, France

LITERATURE

Written communications from Dr. E. Naumann and Glockemeier to Krusch

The lead deposit of Saint Sebastien d'Aigrefeuille in the Department
Gard, occurs near the village of Generarques. The ore-bearing complex

consisting of conglomerate and sandstone, is some 10 m. thick and belongs

to the Upper Triassic. As indicated in Fig. 456, the Triassic lies imme-
diately upon granite, and in a complete section is overlaid by Lias and
Dogger. The ore-bed comes to the surface along an uplift, on either side

of which it remains covered bv Lias and Dogger.

The section of this uplift, given in Fig. 457, shows under a surface

covering a bed 1-5-3 m. thick consisting of sandstone and marly shale,
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sometimes merging into conglomeratic sandstone. This lies upon a 1-2 m.

conglomeratic sandstone which occasionally is ore-bearing and which at

times may increase in thickness to include the sandstone bed above. The

principal mineralization, however, occurs in the underlying coarse-grained

conglomerate, which generally speaking is 4-6 m. thick though the thick-

ness varies between 2 and 7 metres. In the foot-wall of this bed comes

a lower conglomerate, 5-10 m. thick, which is frequently arenaceous and

argillaceous, and lies immediately upon the granite.

So/7 0.5-1 m.

Sandstone with layers of clay

1.50-3.00/??.

Sandstone-conglomerate at times metalliferous

1.0-2.0 m.

Upper coarse-grained conglomerate, metalliferous

4-6 m.

Lower conglomerate, arenaceous and argillaceous,

barren 5-10 m.

Granite

Fig. 457.—Diagrammatic section of the St. Sebastien d'Aigrefenille deposit. Glockemeier.

The ore, consisting of galena and pyrite, fills the spaces between the

pebbles, over large areas of the conglomerate. The payable masses have

very irregular outlines ; their maximum lead content is 30 per cent, their

average content 6-10 per cent, while the whole bed may contain 2-4 per

cent. The silver found ^^^th the lead is very variable ; on an average it

amounts to 1800 grm. per ton of lead. Sphalerite is very uncommon.
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The Copper Deposits at Boleo in Lower California

LITERATURE

F. FucHS. ' Note sur les gisements de cuivre du Boleo,' Ass. fr. pour I'av. des Sc.

Vol. XIV. p. 410. Grenoble, 1885.—M. Fttchs. Extract from Fuelis and de Launay,
Traite des gites mineraux et metalliferes. Vol. II. p. 349. Paris, 1893.—P. Krusch. ' Kiip-

fererzlagerstatten in Niederkalifornien,' Zeit. f. prakt. Geol., 1899, p. 83.

The following description is in general taken from that of Fuchs. The

district in which these deposits are found is situated on the west side of

the Gulf of California, in 27° 25' north latitude and 150° west longitude,

120 km. north-north-west of the small port of Muleje and directly opposite

the port of Guaymas. It forms an approximately rectangular plateau 8

km. by 5 km. in extent, bounded to the north-east by the sea, and to the

south-west by a large fault running, as illustrated in Fig. 458, almost

parallel to the coast. This plateau is gently inclined towards the sea and

cut by a number of deep valleys, while landwards it is backed by several

volcanic peaks, including the Sombrepo Montado and the Juanita. In

the deep-cut valleys complete sections of the many thin and regularly

bedded sediments are exposed. Fuchs gives the following section from

top to bottom :

Generally yellow, occasionally somewhat calcareous tuff . . 10-30 metres.

Conglomerate with calcareous cement, fossiliferous . . . 2—4 „
Yellow or grey-mauve tuffs ...... 15-20 ,,

First copper bed, on an average...... 1 „
Conglomerate........ 3-4 „
Argillaceous tuffs, grey-mauve, exceptionally yellow or pink . 40-50 „

Second copjier bed ....... 0-8-2-3 „
Conglomerate of principally grey material . . . 4-5 .,

Slaty argillaceous tuffs, occasionally somewhat crystalline . 6-8 ,,

Compact tuff of peculiar appearance, alcahueta ... 1 „
Pink tuffs, sometimes grey-mauve, becoming brown at the base 45 „

Third copper bed . . . . . . . . 0-6-3 „
Conglomerate with principally dacite-and labradorite fragments 3 „
More or less crystalline tuffs, brown or greenish, only to be

observed in the neighbourhood of trachyte . . . 50 ,,

These sediments are intruded by a double series of eruptive rocks, the

vents of which rvm parallel to the coast, and of which the western series

cuts off the metalliferous beds. The rocks of this series consist of trachytes

not markedly acid but closely related to the dacites. Fuchs supposes that

the crystalline green tufis at the base enclose a fourth copper bed. The

whole system is overlaid by a thick basalt sheet. The tuffs are regarded

by Fuchs as underground intrusions of volcanic mud. The youngest

beds carry presumably Miocene or early Pliocene fossils ; the copper-

bearing beds are accordingly Miocene.

The country-rock of the copper bed is in no way distinguishable from

the other tuffs. Above the ground-water level the ores are oxidized and
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accompanied by some iron-manganese ore and silica. Frequently black

cupric oxide and cuprous oxide occur, with azurite, malachite, subordinate

chrysocoUa, and atacamite, this last as a mineralogical rarity. Man-

ganese compounds resembling crednerite, 2Mn2033CuO, occur as associated

minerals, a part of the manganese being replaced by iron. The grey-

mauve, and when dry, fairly light-coloured tuffaceous country-rock contains

0-1-6 per cent of NaCl and variable amounts of carbonate and sulphate

of lime. The ratio of ore to gangue varies considerably. The ore occurs

in concretions, stringers, and oolites. An enrichment may always be

remarked at the base, where frequently a compact ore-bed, 15-25 cm.

thick, occurs.

In addition to these general characteristics each of the ore-beds has

special peculiarities. The upper bed contains much cupric oxide, while

carbonates and silicates occur only exceptionally. The second bed is some-

what more siliceous and carries copper silicates. The silica content is poss-

ibly connected with a large fault, along which siliceous geyser water prob-

ably ascended. In this bed the oolitic ore principally occurs, the grains of

which, consisting of oxidized and carbonated ores known as Boleos, are

several centimetres in diameter. The country-rock of this bed is prac-

tically free from copper ; the oolites contain 35-40 per cent. The dressing

of the ore is accordingly very simple, and the concentrate obtained contains

25-30 per cent of copper. The third ore-bed consists of yellow clayey

material which, though apparently but little mineralized, contains 10-15

per cent of copper ; the copper-manganese compounds related to cred-

nerite contain 32-43 per cent of copper ; while black oxides with as

much as 60 per cent of copper also occur.

Of great significance is the occurrence in greater depth of sulphides,

including chalcocite, CugS, with 75-80 per cent of copper, and covellite,

CuS, with 60 per cent. From this it may be assumed that the oxidized

ores and carbonates, etc., have been formed from sulphides. In the north

and north-east of the district thick gypsum beds occur, these being some-

times coarsely-crystalline and sometimes fine-grained, in which latter case

the material is an alabaster. At their base a mixture of gypsum and
manganese ore with a low copper content and iron oxide, is found. The
formation of these copper ores may be attributed to springs. The
oxidation ores owe their existence in the first place to the influence of

sea-water, but their subsequent accumulation to the action of meteoric

waters.

The economic importance of the district may be gathered from the

following table :
^

^ Ante, p. 890.
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copper ores occur in conglomerate beds and are closely associated with

lead ores, has considerable extent.

At Berg and Floisdorf, between Glehn and Eicks, between Nothen
and Heistartburg, at Kufierath under the ironstone bed, and between

Leversbach and Uedingen, copper ores occur in fine-grained sandstone.

Since copper lodes occur in the neighbourhood of these occurrences, as for

instance at Uedingen with chalcopyrite and ferruginous cuprite, the idea

of a genetic connection between the ore-bearing beds and the fissure-

fillings is natural, and accordingly the ore-beds presumably represent

impregnation zones.

In Waldeck similar copper ore -beds are known. At Twiste,

ore-bearing beds lying one above the other in the Bunter have been

remarked at seven different places. Other places where similar deposits

have been found are : Recklinghausen, Berndorf , Sachsenhausen , Schmilling-

hausen, Herbsen, Rhoden, Wrexen, Huxmiihle, Eilhausen, and Massen-

hausen.

The Copper Deposits at Alderley Edge and Mottram
St. Andrews, England

LITERATURE

J. a. Phillips and H. Louis. A Treatise on Ore Deposits, p. 266. London, 1896.—Edward Hull. ' On the Copper-bearing Rocks of Alderley Edge,' Cheshire Geol. Mag.,
1864, p. 65.—E. Hull and A. H. Green. ' The Geology of the Country around Stockport,
Macclesfield, Congleton, and Leek,' Mem. Geol. Survey, p. 39, 1866.

The copper deposits of Alderley Edge and Mottram St. Andrews are

situated in Cheshire, about four miles from Macclesfield. The escarpment
or ' Edge ' of Alderley shows a gradual rise from the Cheshire plain on the

east, but forms a steep ridge to the north. It owes its origin to an
east-west fault along which the Red Marl has subsided, while the soft

sandstones of the Bunter, capped by Lower Keuper conglomerate, have
been uplifted. The beds dip towards the plain on the east at an angle of

from 5° to 10"". The general form of the Edge and its component beds is

shown in Fig. 459, after Hull, who first determined the geological age of

the copper-bearing sandstones. The geological section is as follows :

Red and grey laminated marl.

I

Lower Keuper
j
White and coloured sandstones,

sandstone, - hard, quartzose eonglomer-
I 500 feet. ate and marls.

I

Soft, fine-grained, yellow and
Upper red and mottled sandstone . Bunter J ^^^ sandstones, forming the

I uppermost member of the
l^ Bunter.

Red marl .

Waterstones
Freestone
Copper-bearing sandstone
Conglomerate with ore
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The metalliferous beds marked b^ and 6- in Fig. 459 lie at the base

of the Keuper. Petrographically they are not mthoiit interest. The

conglomerate is firmly cemented and consists principally of well-rounded

quartz pebbles ; it resembles in every respect the conglomerates of the

Bunter. Copper, in the form of malachite and azurite, occurs at Alderley

Edge only in small amomit, while at Mottram St. Andrews, about a mile

to the north-east, such copper is found in more considerable quantity.

The apparent position of the Mottram conglomerate below that of

Alderley Edge is due to the afore-mentioned fault, which downthrows the

beds in a northerly direction. This occurrence of copper was incidentally

exposed in a quarry. A few years ago systematic mining was attempted,

but mthout success.

The horizon of the principal mineralization at Alderley lies above the

conglomerate. It consists in this case of a copper-impregnated zone

involving a width of some 40-50 feet and three sandstone beds ; on

iij^ri^u frtne Moftram P. Andrem

Fig. 459.—-Diagrammatic section of the copper ore-bed at Alderley Edge and Mottram
St. Andrews, England. Hull.

Af=Red Marl; W= Waterstones ; 'j-i^ Freestone; 'j2= cupriferous sandstone ; 6^ = conglomerate, all

belonging to the Keuper ; «= upper red and mottled sandstone belonging to the Bunter.

either side of this zone the mineraUzation quickly disappears. The

colour of the sandstone may be green, blue, red, or brown. In addition

to copper ore, barite and small amounts of lead-, manganese-, iron-, and

cobalt ores, also occur. Lead is present chiefly in the form of cerussite,

though galena, pyromorphite, and vanadinite, are also met. The thickness

of the lowest of the three ore-beds sometimes reaches 66 feet, but varies

very considerably. Above it lies a 1-6 feet argillaceous sandstone which

forms the foot-wall of the second ore-bed, 18 feet thick. This bed in turn

is overlaid by red argillaceous sandstones about 12 feet in tliickness,

forming the foot-wall of the top bed, 18 feet thick.

The average copper content of the workable portions of the sandstone

amounted to 1-4 per cent. The ore contained traces of cobalt. The mines

at Alderley Edge were worked for many yeai-s with considerable success
;

in 1877 however operations were suspended. An attempt was made

to win the lead ore which occurs in certain bands of the sandstone, but

so much of the cerussite was lost in process of dressing that only 55 per

cent of the lead was recovered.
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At Alghero in Sardinia/ south-east of Sassari, a bed of Miocene sand-

stone 0-1-1 m. thick, containing about 1-2 per cent of copper in the form

of carbonates, occurs between conglomerate in the foot-wall and limestone

in the hangins-wall.

THE ANTIMONY ORE-BEDS

The antimony ores belong to those heavy-metal compounds which

are only exceptionally found in large amount ; the occurrences mentioned

when describing the antimony lodes and metasomatic antimony deposits

were accordingly but few.

While formerly a bedded nature was assigned to a large number of

antimony deposits, more recent genetic examination of some has proved

incontestably that they were formed by epigenetic processes. The well-

known deposit in the Caspari mine afc Arnsberg, for instance, has in this

work been described among the metasomatic occurrences. Furthermore,

the deposits now to be briefly described are most probably not syngenetic,

though some authorities may regard them as such ; it may indeed be

said that according to present knowledge not one single antimony deposit

may be regarded as an ore-bed of indisputably syngenetic origin. The
form is admittedly bed-like, the deposits consisting of thin layers along

the bedding- planes, as well as lenticular masses a metre or two in

thickness, but exceptionally thicker.

The material of the deposits when the thickness is small consists

frequently of clean antimony ore, while when it is great other ores, rock-

material, clay, and gangue-minerals, occupy much of the space. The
most common and extensively occurring ore is stibnite, from which by
oxidation stibhte, senarmontite, and valentinite are formed. In a few

cases, as for instance at Djebel-Hamimat and Sidi Rgheiss in Algeria,

the accumulation of these oxidized ores is so great that Coquand
was inclined to regard them as primary sediments. Yet, from the occa-

sional occurrence of stibnite more or less decomposed, as kernels in those

deposits, a secondary formation may be concluded. Since wdth the

Algerian deposits limestone and marl form the country-rock, the greater

thickness of the occurrence may be attributed to oxidation-metasomatism,

in process of which and at the decomposition of the stibnite the limestone

of the country-rock became in part replaced.

With some deposits, as for instance those at Nuttlar and Briick on

^ A. Stella, ' Rel. sulle ricerche min. nei giacim. cupr. cli Alghero,' Boll. R. Comm. geol.

Italia, 1908, pp. 1-34.

VOL. II 2 X
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the Ahr, in addition to conformably intercalated ore-bodies, lode-fillings

consisting chiefly of stibnite are found, and the idea is suggested that the

so-called beds likewise represent cavity-fillings and associated nietasomatic

replacement of the country-rock, that is to say, bedded lodes and nieta-

somatic deposits.

The geological age of the formations in which antimoji}' ore-beds occur

is very various. Since at Gilham in the United States as well as at Nuttlar

the antimony ores occur in Carboniferous beds, while the ore-bodies in the

Caspari mine at Arnsberg ^ likewise have Carboniferous country-rock, the

Carboniferous formation appears to be especially favoured. The ore at

Briick belongs to older beds, namely, Devonian, while the country-rock at

Djebel-Hamimat and Sidi Rgheiss, belonging to the Gault, and that at

Coyote Creek, belonging to the Eocene, are younger. Petrologically

antimony appears to favour no particular rock, it occurs in slate as well

as in sandstone and limestone.

The size of the deposits is usually not great, the world's production of

antimony ore being accordingly small and the price fairly high.

The Antimony Oee-Beds of the Ehenish Schiefergebikge

LITERATURE

Erbkeich. ' Geognostische Beschieibung der Spiessglanzlagerstatte u.s.w. bei dem
Dorfe Briick,' Karstens Archiv f. Jlin. VI. p. 44, 1827.—M. Wemmer. Die Erzlager.statten

der Eifel nebst Erzlagerstattontafel. Iserlohn, 1909.—Beschreibung der Bergreviere

Arnsberg, Brilon, und Olpe, sowie der Fiirstcntiimer Waldeck und Pyrmont, published by

the Mining Department. Bonn, 1890.—W. Bruhns, in collaboration with H. Bucking.

Die nutzbarcn Mineralien und Gebirgsarten ira Deutschcn Reiche. Berlin, 1906.

The antimony deposit of the Pass Auf mine at Nuttlar in the district

of Brilon, lies on the south-west slope of the Wiemert near Vockinghausen.

The metalhferous beds, three of which are known, belong to the Culm.

These three beds strike south and dip 80° south-west. The bed-filling

consists of chert and black shales, in which stibnite occurs in the

form of nests. In the departmental geological description ^ the beds are

correlated with the Upper Carboniferous Millstone Grit, though from the

occurrence of chert it is evident that they belong to the Culm, since

hitherto no such chert has been known in the Upper Carboniferous.

The genesis of the deposit is not clear. Although the form coincides

with that of beds, a secondary introduction of the antimony is not excluded.

At Briick on the Ahr in Adenau, a metalliferous zone, 24-32 m. wide

and 160 m. long in a north-south direction, occurs in Palaeozoic grauwacke-

schist. The ore is in part interbedded conformably with the beds, though

1 Ante, p. 784. - Loc, cit.
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numerous veins—a few centimetres wide, striking north-east and dipping
40°-50° south—indicate not a syngenetic, but an epigenetic occurrence.

The ore-minerals, stibnite and pyrite, together with the gangue-minerals,

quartz and dolomite, represent in part fissure-fillings, whence the material

migrated into the bedding-planes and joints of the country-rock.

Antimony Ore-Beds of the United States

LITERATURE

F. L. Hess. The Arkansas Antinionj^ Deposits, Bull. 340 of the Survej% pp. 241-252.

—

G. B. Richardson. ' Antimony in Southern Utah,' ibid. pp. 253-256 ; JVIineral Resources
of the Survey.

—

Charles L. Henning. Die Erzlagerstatten der Vereinigten Staaten von
Nordamerika. Stuttgart, 1911.

With these, only stibnite comes into question. This ore occurs at

Gilham in Sevier County, Arkansas, in thinly laminated Lower and Middle

Carboniferous sandstone or arenaceous marls, where it forms lenticular

masses of 1-7 m., and sometimes as much as 15 m. in thickness. The whole

character of this occurrence indicates that the deposits are epigenetic and
represent fissure-fillings. The stibnite is found associated with jamesonite,

zinckenite, galena, tetrahedrite, pyrite, chalcopyrite, siderite, calcite, and
quartz. At Coyote Creek in Garnfield County, Utah, stibnite also occurs

in Eocene sandstone and conglomerate, though this occurrence likewise

is of little value. The statistics of the United States for the last few years

have included no production of antimony.

The Antimony Deposits at Djebel-Hamimat and Sidi Rgheiss in

Algeria

LITERATURE

L. DE Launay. Traite de Metallogenie, Gites mineraux et metalliferes, Vol. I. p. 772.

Paris, 1913.

—

Coquand. ' Sur les mines d'antimoine oxyde des environs de Sidi-Rgheiss
au sud-est de Constantine,' BuU. de la Soc. geol. de France, 2°, Vol. IX., 1852, p. 342.

The deposits at these places situated 60 km. south-west of Guelma
or 23 km. north 30° west of Ain Beida, are singular, being characterized

by the occurrence of senarmontite, a mineral discovered by Senarmont and
described by Coquand.

At Djebel-Hamimat the ore occurs in an alternation of black limestones

and slaty bituminous marls, these rocks according to Blayac belonging to

the Gault. The deposit consists of senarmontite with little stibnite, and of

antimoniferous zinc oxidized ore with some galena and cinnabar. The ore

forms irregular masses which run fairly parallel with the beds, and occur
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principally at the contact of limestone and marl. Fragments of limestone

encrusted with ore are often found. The deposit, operations on which

have been started and stopped at different times, shows the antimony

oxide either solid, crystalline, or even disseminated. Occasionally crystals

of senarmontite, 3 cm. in diameter, are found ; in the disseminated

zones the crystals occur in shale. In addition to the oxide, stibnite

occurs in small amount ; this mineral has however in greater part been

altered to oxide, though the senarmontite is frequently coloured black

by the presence of finely distributed stibnite. Coquand regards the

deposit as a true senarmontite sediment ; de Launay however rightly

remarks that many of its characteristics suggest a metasomatic formation.

Another antimony oxide deposit occurs 4 km. west of Hamimat at

Ain Bebbouch on the eastern slope of the mountain range of that name

near Senza. This deposit carries valentinite, probably as an alteration

product of stibnite.

THE TIN-, GOLD-, AND PLATINUM GRAVELS

When discussing the formation of deposits ^ a differentiation was made

between eluvial, fiuviatile, marine, and glacial gravels. In the case of tin,

for instance, eluvial deposits occur on Mount Bischoii, fiuviatile and marine

deposits in the Malay States ; the most common are the fiuviatile gravels,

though these are usually so closely associated with the eluvial that where

the former lie in the valleys, the latter are often found on the hills. In

the case of gold, glacial gravels occur in the Klondyke, fiuviatile gravels

in nearly all gold gravel-districts, and marine gravels in the Cape Nome
district ; eluvial auriferous gravels are uncommon. The platinum gravels

of the Urals, the chief platinum district, are almost exclusively fiu\datile,

as Ukewise are those of Colombia. As in the case of tin, these are

frequently associated with eluvial gravels.

For all gravels, irrespective of the mineral-association, the following

remarks apply : since they are generally found in river-courses which

at the same time represent the important ways of communication to

upland districts, the gravels of the heavy metals are usually discovered

before the primary deposit, so that as a rule mining begins upon such

gravels and extends only to the primary deposit when these have become

exhausted. All gravels have been formed by the disintegration of the

hills, that is, by erosion, denudation, and abrasion. In these processes

only those minerals characterized by chemical resistance, hardness, and

gravity, can be concentrated in the river-beds. Minerals more readily

1 Ante, p. 17.
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disintegrated, such for instance as the sulphides, become oxidized and

decomposed, while frequently they are to a considerable extent removed

in solution. Other minerals, such for instance as the felspars, become

altered by atmospheric agencies to kaolin and clay, which in greater part

are washed away. Mica becomes chloritized and comminuted, while the

other ferro-magnesian silicates are in greater part decomposed, comminuted,

and carried away. Quartz, the chief constituent of the most extensively

occurring rock, granite, owing to its chemical resistance and hardness,

plays an important part in gravels, in spite of its relatively low gravity.

In addition, garnet, tourmaline, zircon, and other so-called ornamental

or precious stones, are frequently found ; and finally, on account of their

high specific gravity, magnetite, specularite, titaniferous iron, rutile, etc.

With these are occasionally associated such metalliferous minerals as

cassiterite, native gold, native platinum, monazite, and cinnabar. Native

silver and copper on the other hand do not occur in gravels, possessing

insufficient power of resistance to survive a protracted natural concen-

tration. Finally, as further constituents of gravels, felspathic, micaceous,

or chloritic clay, iron-ochre, etc., are frequently found. The titaniferous-

iron sands have already been described.^

In the case of very young gravels concentration is sometimes very

incomplete. For instance, those of Alaska consist principally of more or

less rounded slaty material relatively little decomposed. Upon these, only

the first stages of disintegration, attrition, and concentration have been

operative.

The material of gravels is brought to the rivers, etc., in greater part by

the drag of the detritus down the slope. It therefore reaches the river from

the side, and, when the force of the drag is greater than that of the running

water, it may be pushed across. This uncommon case was described by

Lungwitz 2 as obtaining at Anderson Creek,^ British Guiana, where, sur-

prisingly enough, the auriferous gravel extended across, and not along

the stream as it almost invariably does. The material of such trans-

versely extending gravels is distinguished from that of normal fluviatile

gravels in being angular, w^hile that of the latter contains only pebbles.

Glacial gravels are characterized by rounded edges. Of marine

gravels, it is characteristic that in the surf action they have suffered the

most intense attrition and assortment by sea-water, that is to say, by a

dilute saline solution. The chemically more readily attacked minerals, such

as gold,* exhibit therefore in addition to attrition, corrosion phenomena.

A gravel, in addition to quartz which is usually the chief constituent,

consists of rock fragments of the most varied size, and of clayey material.

1 Ante, p. 1052. 2 Zeit. f. pruht. GeoL, 1906, p. 212.

3 Ante, p. 6. * Ante, p. 634.
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Here and there the sand or pebble individuals have subsequently been

cemented together, and sandstone- or conglomerate beds have resulted.

The vertical distribution of the valuable constituents of such a de-

posit varies. Only in exceptional cases is the whole thickness payable
;

the ore or precious metal on account of its high specific gravity is gener-

ally concentrated towards the bottom. Gold is occasionally carried

mechanically as well as chemically into fine crevices in the bed-rock,

this rock in river-courses being always more or less fractured. A gravel of

loose material is the most welcome, since cemented and very clayey beds

are difficult . to work successfully. In most cases the ore content of

gravels is considerably lower than that of primary deposits. With
loose material, however, the working cost may be so small that under

favourable conditions sands containing only a fraction of a shilling per

cubic metre may be profitably treated. The chief conditions of payability

are : firstly, the presence of such large quantities so bedded that a

dredge or other simple apparatus can be applied ; and secondly, a rela-

tively regular distribution of the valuable content.

Since in all cases water is necessary for the working of these gravels,

only such as occur in the neighbourhood of water are, generally speaking,

of economic importance.

The Tin Gravels

Stanniferous deposits are particularly suited to the formation of

gravels, cassiterite being one of the most resistant of minerals. Since also

it possesses a high specific gravity, at disintegration of the primary deposit

it remains behind either in the form of eluvial gravels or, when the material

is carried to the river-courses where the cassiterite is comparatively quickly

and completely separated from the considerably lighter materials, in the

form of fluviatile gravels. The granitic areas which, strengthened by

the tin veins they contain, resist erosion and project as hills from the

country around, are accordingly frequently covered with eluvial gravels,

while, as illustrated in Fig. 18, the fluviatile gravels occur in the

river-courses. Finally, where the rivers carry tin ore to the sea, marine

gravels become formed.

Since the eluvial gravels occur principally in districts of low rainfall,

work usually suffers from a lack of water during a great part of the year.

When the amount of water available on the spot is so small as to render

concentration impossible, a rich tin gravel becomes unworkable unless

water can be brought in.

Those of the gravel-deposits in the Malay Peninsula which occur in the

form of large pocket- or funnel-fillings in limestone, are unique occur-
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rences. Such deposits probably resulted from veins in the limestone,

along which the limestone became decomposed, pockets becoming formed

into which the vein material broke, and into which sand, clay, twigs, and

secondary ores were brought by water. Such gravels represent therefore

cavity-fillings vnth. detrital deposits.

With eluvial and fluviatile tin gravels, cemented conglomerates are

occasionally found so compact as to necessitate the use of rock-breakers.

In addition to cassiterite, the tin gravels contain those minerals

of high specific gravity which occur together \x\th. tin ore in the primary

deposit, and accordingly wolframite and tourmahne are frequently found

in considerable amount.

Concerning the tin content, the payability of a tin gravel depends

firstly upon the physical character of the material, and secondly upon the

amount of water present. In general, and other conditions being favour-

able, payable gravels need have only a very low content, since the specific

gravity of cassiterite is high and its concentration correspondingly simple.

Furthermore, the larger the deposit and the greater the capacity of the

concentration equipment, the lower may be the content. The price of

cassiterite won from gravels is high, owing to its purity. The price of tin

during the last thirteen years has sho^ii a tsndency to rise.

The Tin Gkavels of the Straits Settlements, including Banka and

BiLLITON

LITERATURE i

The tin gravel-deposits in this region are in many cases eluvial. The

pocket-filhngs belonging to this class have been briefly described above.

The deposits are of Quaternary age. Their tremendous extent is in greater

part due to the intense deimdation experienced in the tropics. The most

extensive of these deposits are those on the west coast of the Malay Pen-

insula, in Perak, Selangor, Sungei-Ujong, Jelebu, and Negri Sembilan ; and

oh the east coast, in Pahang.

Under reference to the previous description of these occurrences ^ the

authors here confine themselves to the following remarks. With the

fluviatile gravels there lies on top a non-stanniferous or unpayable bed

—

the overburden—of sand and clay, which at Billiton is 4—6 m. thick, and

at Banka 8-12 m., sometimes even 16 metres. At the bottom, and in many

cases immediately on the bed-rock, comes the metalliferous bed, which is

generally 0- 1-0-25 m. thick though occasionally it reaches 1 metre. Apart

from cassiterite the chief minerals are quartz, tourmaline, muscovite,

1 Ante, p. 437 ^ ^^te, p. 443.
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hornblende, topaz, sapphire, wolframite, scheelite, magnetite, and some
native gold. The richest deposits are found where the valleys debouch

from the hills into the plain ; such deposits are about 1 km. in length.

With greater distance from the hills impoverishment rapidly sets in. In

the neighbourhood of the primary deposit the gravels usually contain

comparatively large but irregularly shaped ore-fragments ; with distance

the average content becomes lower, though the composition may be more

regular. Mineralization varies exceedingly in diftercnt places, but is

seldom so considerable as was formerly imagined ; the economic value

of these gravels lies rather in their great extent. At Banka and Billiton

the tin content of the ore-bed itself is 2-4 per cent, while in the Malay

Peninsula, including the overburden, it is O-l-O-lo per cent. By washing

these gravels a concentrate containing 68-73 per cent of metallic tin is

easily obtained.

The gravels of the Malay Peninsula were already known in ancient

times, when they produced tin sufficient to supply the demands of China

and India. At Banka production began at the beginning of the eighteenth

century, and at Billiton about 150 years later. The production of Banka
has increased from 5000 tons annually during the period 1850-1880 to

10,000-12,000 tons of late years. At Billiton, on the other hand, produc-

tion has sunk in recent years to 4000-5000 tons. Perak ranks first among
the tin-producing Malay states, its production in 1911 having been 437,339

pikuls, equivalent to about 26,000 tons, out of a total production of 741,098

pikuls for the Peninsula. The production of earlier years has already been

given ;
^ the folloxnng figures relate to more recent years :

Trs Productios of the Malay States

In Pikuls of 133 lb. or 60-5 kg.
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lodes are associated with gravels. In Portugal svicli gravels reach to the

Tagus. These gravels were already practically exhausted at the beginning

of the Middle Ages. The chief deposit was at Miranda on the Douro.

In Cornwall, notoriously, the gravels played an important part in

ancient time as well as in the Middle Ages, while even at the beginning

of the nineteenth century they were of considerable importance.^ To-day,

however, they are almost completely exhausted. In 1911, for instance,

they were responsible for only 70 tons of ore.^

In Queensland, tin gravels occur in the districts Herberton, Cooktown,

and Stanthorpe. In the last-mentioned district in the year 1911 three

dredging plants won tin ore to the value of £9130 from 279,300

cubic yards of gravel. Of the tin ore production of New South Wales

in 1911, some 1742 tons or 68 per cent came from the Tingha and

Emmaville gravels, the content of which may be gathered from the fact

that 577,977 cubic yards of material yielded 147 long tons of tin ore

worth £17,565, or on an average 0-57 lb. of cassiterite worth 7-29d.

per cubic yard.^ In another case 2,533,782 cubic yards of gravel

yielded 1418 tons of tin ore worth £167,284, or on an average

1-25 lb. of cassiterite worth 15-48d. per cubic yard. The gravel-deposits

of Tasmania have already been described under Mount Bischoff.* In

Western Australia, the districts Pilbara and Greenbushes are known for

their tin gravels ; the former up to the present has produced altogether

5000 tons of cassiterite. At Greenbushes, a map of which is given in

Fig. 18, tin lodes of the Saxon type occurring in granite have upon

disintegration given rise to eluvial and allu^^al gravels, though these,

owdng to the high cost of labour and the small amount of water available,

were worked with but variable success. This occurrence is particularly

interesting owing to the presence of tantalum- and niobium minerals ;
^ a

tantalo-niobate of iron and manganese—(Fe, Mn) (Ta, Nb)20g—occurs in

pebbles 5-6 inches in diameter. Since the specific gravity of this mineral

is the same as that of cassiterite, it contaminates the cassiterite produced.

Stibiotantalite, an antimony-tantalo-niobate—Sb(Ta, Nb)04—is a mineral

confined exclusively to Greenbushes ; it occurs in small pebbles with a

dull surface, and to some extent resembles scheelite. Stibiotantalite has

also the same specific gravity as cassiterite, so that the separation of these

two minerals by water concentration is impossible ; the antimony upon

smelting mixes with, and deteriorates the tin. According to the Depart-

mental Laboratory, a case occurred where a parcel of tin ore, apparently

1 Ante, p. 436. 2 j^^g Mineral Industry, Vols. XIX. and XX.
3 Eng. and Min. Journ., April 8, 1911. * Arite, p. 444.
* P. Krusch, ' Die Zinnerzlagerstiitten von Greenbushes,' Zeit. f. prai-<. Geol., 1903,

p. 383 ; E. S. Simpson, Xotes from the Departmental Laboratory Geol. Survey of Western

Australia, Bull. No. 6.
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clean, contained only 53-14 per cent of SnOa and no less than 15-13 per

cent SbaOa, 19-85 per cent TaaO^, and 3-56 per cent of NbgOj.

In Alaska, gravel tin is won at Buck Creek, 14 miles north of York
on the Seward peninsula ; the plant, which is quite new, in 1911 worked
only thirty-four days, producing 92 tons of cassiterite assaying 64 per cent

oftin.i

South Africa in 1911 produced 4795 long tons of cassiterite which were

shipped almost exclusively to England ; as the production in 1909 was

only 2858 tons, the increase was considerable. In Swaziland, in 1911, the

tin gravels yielded 476 tons worth £42,250 ; the official production for

that year is given as 1119 tons, part of which was probably derived

from sources yet unpubhshed. In Rhodesia, tin gravels were discovered

in 1909 in the Uniabi river, where the primary deposit consists of a cassi-

terite impregnation in chloritic schist in the neighbourhood of granite.

At the Salisbury Enterprise, cassiterite is found in pegmatite dykes more

or less altered to greisen. Still farther north, at Abercorn, cassiterite occurs

in greisen and pegmatite. The conditions for the formation of gravels in

this country are not favourable, though perhaps those in the Abercorn

district are payable. In the Victoria district to the east, large cassiterite

crystals weighing as much as 15 kg. have recently been found, such as

might well have come from more promising deposits.

In the Congo state, the Bussanga district north of the copper region ^

is stated to be stanniferous.

The discovery of tin gravels in Nigeria has recently aroused great

interest. These extend over an area of about 9000 square miles stretching

from Ningo in the extreme east, to Duchin Wei about 40 miles east of

Zaria in the extreme west, and from Liruen-Kano in the north, to Ninkada

and Mada in the south. In the year 1910 about 11,800 tons of cassiterite

were exported. The opinions concerning the importance of this district

are various, and further prospecting may be necessary before a definite

opinion is possible. The development of tin mining in this region is

hindered principally by difficulties of transport.

In Siam, tin gravels are known on the island of Tonka somewhat

south of the Isthmus of Kra, which in 1908 produced 3713 metric tons of

cassiterite from which 2302 tons of metallic tin were recovered. The

neighbouring pro\ance of Monthon Chumpon, somewhat farther into the

Gulf of Siam, is also rich in tin. The principal districts are Lang-Suan and

Lampun. It is intended to open up the former by a railway.

In China, the tin ore production is derived almost exclusively from

Yunnan. Nearly 97 per cent is exported from the port of Mengtze. The

^ Eng. and 3Iin. Journ., July 15 and Dec. 23, 1911.

2 Ante, p. 918.
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ore is smelted at Hongkong. In 1910 the export of Chinese tin amounted

to about 6000 tons, and in 1911 to some 5000 tons. These figures embrace

only the export to Great Britain and Europe, and not the home consump-

tion nor that exported to other countries.

THE GOLD GRAVELS

The gold in gravel-deposits is found principally with quartz sand, quartz

pebbles, clay, iron-ochre, iron oxides, garnet, and other heavy minerals.

Where the gravels have resulted from the disintegration of country carrying

not only gold but also platinum, monazite, precious stones, etc., the

gold in such deposits is associated with these minerals. Platinum and

monazite are frequently overlooked in the examination of gravel-deposits.

It is a significant fact that quartz pebbles carrying gold in themselves

occur but exceptionally, and only when the primary deposit exists in the

immediate neighbourhood. The gold contained in gravels is invariably

native gold, the other auriferous ores not being sufficiently resistant.

The lower layer of the gravel is frequently the most auriferous. Fluviatile

gravels usually carry most gold at those places where the rapidity of the

stream was for some reason or other temporarily diminished, as for instance

in pools along the river bed, at the mouths of tributaries, and at sudden

changes in direction, while a fractured condition of the bed-rock is also

favourable to its collection.

Concerning the processes by which the gold accrued in these

gravel-deposits, there is great divergence of opinion. Some authorities

advocate an exclusively mechanical concentration, while others assume a

chemical concentration in which the gold was introduced in solution and

then precipitated, probably by organic substances, etc. Much has been

written on this question, general discussion being found in the follo\\'ing

works :

A. G. Lock. Gold, its Occurrence and Extraction, pp. 746-800. London, 1882.—-E.

Cohen. ' tjber die Ent.stehiing des Scifengoldes,' Mitt. d. naturw. Vereins f. Neuvor-

pommern und Riigen, XIX., 1887.—A. Liversidge. ' On the Origin of Gold Nuggets,'

Journ. Roj'. Soc. New South Wales, XXVII., 1893.—C. Hintze. Handbuch der Mineralogie,

pp. 241-244, 1898.

F. A. Genth, United States, in 1859 ; and A. R. C. Selwyn, Victoria, in

1860, were undoubtedly the first to express the opinion that gravel gold was

formed by precipitation from solution, or that existing gold nuggets might

continue to grow by precipitation from solution. Since then this view

has been maintained by : P. Laur, Paris, 1863 ; C. S. Wilkinson, New
South Wales, 1866 ; R. Daintree, Victoria, 1866 ; J. A. PhiUips, England,
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1868; J. Cosmo Newberry, Victoria, 1868; W. Skey, New Zealand,

1870, 1872 ; E. Suess, Vienna, 1877 ; T. Egleston, United States, 1880,

1881, 1887 ; and many others. Mechanical concentration on the other

hand has been adopted and defended by : Brough Smyth, Victoria, 1869
;

Rod. J. Murchison, England, 1872 ; J. D. Whitney, United States, 1880

;

J. S. Newberry, United States, 1881 ; W. B. Devereux, United States,

1882 ; F. Posepny, Austria, 1887 ; E. Cohen, Germany, 1887 ; and A.

Liversidge, New South Wales, 1893.

The adherents to the chemical theory advance the following points :

1. The gold in lodes does not occur in such large masses as it does in the gravels.

2. The general form of gravel gold and the nature of its surface speak against formation

bj' mechanical concentration.

3. The gold content frequently increases towai'ds the bottom of the deposit, as do also

such organic substances as would effect the precipitation of the gold.

4. Gravel gold is poorer in silver than that from lodes.

5. If the gold had reached the gravels as the result of the mechanical disintegration

of quartz lodes, the occurrence of quartz pebbles in the gravels would be more frequent.

6. Many gravels have a higher gold content than a derivation from lodes would
render probable.

7. Gravels already worked have occasionally after a time been worked a second time

with profit. This need not necessarily be due to renewed precipitation, butmore probably

to improved methods of washing or to the new material constantly being brought by the

river.

Cohen has shown that in part the above points are not quite sound,

and that in part they may equally well be explained by mechanical forma-

tion, for which, according to Newberry, the following factors speak :

1. Gold gravels and auilferous quartz lodes occur as a rule adjacent to each other.

2. The gold is coarsest in the neighbourhood of the quartz lodes, and becomes finer

with greater distance from them.

3. The accumulation of gold in pockets is most easily explained b}' mechanical con-

centration.

4. . The occurrence of isolated flakes and grains speaks against the chemical precipita-

tion of the bulk of the gold. Crystallization and the formation of small auriferous veins

within the gravel are as a rule not observed.

5. A rough and uneven surface of the gold is uncommon.
6. Newberry emphasizes the intense denudation suffered in gold-bearing districts

;

7. Cohen, the fact that in the gravels, apart from iron oxide, no other mineral char-

acteristic of secondary deposits is found

;

8. Liversidge, that the quartz })ebbles of the gravels come undoubtedly from quartz

lodes, and it would be unnatural to explain the source of the gold diiferently from that of

the quartz.

9. In several cases gold has been known to occur in lodes, particularly in the cementa-

tion zone, in just as large masses as in gravels.

10. Gravel gold always contains some silver. In addition, in California and in Australia

it has been observed that the fine flakes in the gravels are poorer in silver than the large

nuggets, a fact which points to a leaching of the silver content.

Taking all these points into consideration, it would appear that the

explanation of the gold content in gravels by mechanical concentration is in

general correct. It must be conceded however that, principally with the
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rich gravels, a small portion of the gold has sometimes been taken into

solution and subsequently chemically precipitated. The most important

gold solvent in such case would be water containing ferric sulphate, while

the agents of reduction were principally pyrite, ferrous minerals, ferrous

sulphate, and organic substances. Examples of chemically precipitated

gold from Western Australian gravels rich in mechanical gold, were exhibited

in the Paris Exhibition. According to Vogt these examples showed :

1. Gold along fine cracks in the iron-ochre of the gravels.

2. Traces of gold in the quartz pebbles.

3. Gold along fine cracks in the indurated clay.

4. Gold on tree roots found in the gravels.

5. Small crystals of gold on secondarily formed cobalt-manganese ore.

G. Gold in stalactites consisting of ochre and calcite.

Liversidge has described similar occurrences. It is furthermore note-

worthy that the pyrite occurring in the Californian deep gravels as a

secondary formation cementing the quartz pebbles, is auriferous.

Concerning geological age, the gravels as a rule are Alluvial and
Diluvial, more rarely Tertiary. Examples of Tertiary gravels are known
in the west of the United States and in Australia, where they lie in part

under volcanic sheets. In pre - Tertiary periods also, doubtless many
auriferous fiuviatile gravels were formed, but only in particularly favour-

able cases have these survived.^ At the subsidence of districts containino-

fiuviatile gravels to below sea - level, and before new beds could be

deposited as a protection, such gravels as a rule were destroyed by the sea.

In the further concentration by sea-water, in which not only regional

subsidence but above all river transport to the sea took part, marine

gravels were formed. Such are known on the present west coast of

America from California to Cape Nome in Alaska, in New Zealand, and
elsewhere. In regard to the shape of the pebbles., etc., the marine gravels

difier somewhat from the fiuviatile. By far the majority of the

Quaternary and Tertiary gold gravels are fiuviatile or true gravels, in

comparison with which marine gravels are subordinate.

Most, and practically all economically important gold gravels have
been formed from the old gold-quartz lodes ; with the young gold-silver

lodes denudation as a rule has been less extensive. Since the old gold lodes

are widely distributed, small amounts of gold are found in most large

rivers, as for instance in the Rhine, the Danube, the Garonne, etc., though
seldom in amount worth mentioning. The largest gravel-deposits are

situated in Cahfornia, Alaska, AustraHa, Siberia, and British Columbia.

Gravel gold can easily be recovered by simple washing, by hydraulic mining,

1 G. F. Becker, 'The Witwatersrand Banket, with Notes on other Gold-bearing Pudding
Stones,' U.S. Geol. Soc. 18th Ann. Rep. V., 1896-97 ; L. de Launav, L'Or dans le monde,
Paris, 1907.



1200 ORE-DEPOSITS

and under favourable circumstances by dredging. Gold-washing is a^ old

as history. The Quaternary or recent gravels lying immediately at the

surface are as a rule not very extensive, and therefore are comparatively

quickly exhausted. For instance, the gravels of the Spanish rivers Douro

and Tajo, famous in the time of the Phoenicians and Romans, were ages

ago exhausted, this being also the case mth the rivers of South and

Middle Europe. Even the rich river gravels of California were almost

completely exhausted in the course of twelve to fifteen years, that is, from

1848 to 1860. In Australia also, the Quaternary gravels did not last

long. Richer and more productive were the Tertiary gravels in the west

of the United States and in Australia, these in many cases having been

protected by a volcanic covering.

The gold content of gravels is very variable. The precious metal

occurs as fine as dust, in grains the size of a pin's head, and in nuggets

some of which have reached more than 40 kg. in weight. Schmeisser

mentions five nuggets from Australia, each weighing more than 40 kilo-

grammes. While the German rivers, as for instance the Rhine, contain

only a very small amount of gold, many rivers of California, Alaska, Siberia,

Australia, etc., are quite rich in gold. With the Australian rivers an

average of 0-5-4 grm. of gold per ton is given, though in some cases even

15 grm. and more has been found.

INDIVIDUAL OCCURRENCES

The Auriferous Gravels of the United States

LITERATURE

J. D. Whitney. ' The Auriferous Gravels of the Sierra Nevada of California,' IMemoirs

of the Museum Comp. Zool. VI., 1880.—W. Lindgren. ' The Neocene Rivers of California,'

Bull. Geol. Soc. Amer. IV., 1893.—W. Lindgben and F. H. Ksowlton. ' Age of the

Auriferous Gravels of the Sierra Nevada,' Journ. of Geol. IV., 1896.—G. F. Becker, A. J.

Bowie, R. E. Browne, A. C. Lawson, J. S. Diller, H. G. Hauks, J. Le Conte, B. Silli-

MAN, H. W. Turner, J. A. Phillis, and many others in J. F. Kemp, Ore-Deposits of the

United States and Canada.

—

Charles L. Henning. Die Erzlagerstatten der Vercinigten

Staaten mit Einschluss von Alaska, etc. Stuttgart, 1911, Ferdinand Enke.

California

In the west of the United States, on the western slope of the Sierra

Nevada, the Quaternary river gravels or shallow placers are differentiated^

from the geologically somewhat older deep gravels, which are probably of

Tertiary age. The latter are frequently covered with basalt flows or tuffs,

while their material was derived from the Cahforman gold-quartz lodes,

principally from the Mother Lode.^ Lindgren in 1896 gave the following

sequence, beginning with the youngest, of a typical section from Cahfornia

:

1 Ante, p. 608.

i
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Volcanic and inter-volcanic f Andesite tuiTs deposited by large rivers.

depositions. i Gravels resulting from inter-volcanic erosion.

r Gravels from a rhyolitic period. Pliocene or Upper Miocene.
Volcanic and inter-volcanic | Rhyolite tuffs with a maximum thickness of some 60 metres.

depositions.

Pre-volcanic depositions.

These beds are thicker higher on the Sierra Nevada where
the eruption took place. Miocene.

^
Bench gravels up to 90 m. thick, covering and often extending

for a width of 1^3 km. on either side of the deep gravels,

frequently mixed with somewhat finer detritus than the
deep gravels, and containing Miocene plants. Deep gravels
which in general are hard and compact and contain large
quartz pebbles ; these occupy the bottoms of the old valleys,

and are as much as 60 m., though generally 30-45 m. thick.

They carry no fossil plants and are older than the bench
gravels. Possibly Eocene or Lower Miocene.

In depth the auriferous gravel is often cemented by secondary pyrite,

when it is known as blue conglomerate ; above, owing to the weathering

of the pyrite, it is brown.

The great volcanic denudation periods responsible for the Californian

Fig. 460.—Section of the Califoniiau gravel-deposits showing the relation between the bench
gravels and deep gravels. Lindgren.

deep gravels belong, according to Whitney and Lawson, chiefly to the

Pliocene. According to more recent examination by Lindgren and
Knowlton, on the other hand, these deposits are of Eocene or Miocene age

;

the old river-courses of these denudation periods have been extensively

mapped by Lindgren. In any case it is apparent that the gold has

experienced re-arrangement in different geological periods.

The shallow diggings at the surface were discovered in 1848, and
exhausted in greater part as early as 1860, when the deep gravels were

taken in hand and worked hydraulically. Since 1885 California has

yearly produced gold to the value of 12-19 million dollars. The higher

production of recent years may be attributed cliiefly to the introduction

of dredge mining in the place of hydraulic mining which in 1887, owing
to its disastrous effect on agriculture, was prohibited by law. Dredging

has advanced of late years to such an extent that in 1907 gold to the value

of more than 5 million dollars was recovered by this method of mining.

Altogether, California up to 1900, from gravels and quartz lodes had pro-

duced about 1380 million dollars worth of ffold.^

1 Ante, p. 554.
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Other gold gravels are found in Oregon, Washington, Wyoming,

Idaho, Montana, and Colorado. In Oregon, along the coast, a belt of auri-

ferous sand occiu's which often possesses a high metal content.

The Sumpter axd Granite Districts

literature

J. T. Pardeee. Placer Gravels of the Sumpter and Granite Districts,' U.S. Geol.

Bull. 430a, pp. 51-5".—W. Lindgren. ' The Gold Belt of the Blue Mountains of Oregon,'

22ik1 Ann. Rep. of the Survey, Part 2, p. 635.

—

Chakles L. Henxisg. Die Erzlager-

statten der Vercinigten Staaten mit Einschluss von Alaska, u.s.w., Stuttgart, 1911,

Ferdinand Enke.

In 1863 auriferous gravels were worked in the Powder, North Powder,

and John Day river districts, in east Oregon. The geology of this region

first became known in detail in the year 1909. Most of the gravels are

now completely exhausted, and in but few places is gold still being won.

AccordintT to Lindgren the following deposits are differentiated :

1. Pleistocene crravels. These form the present deposits and were the first to be

worked. To-day they are considered exhausted.

2. Inter-volcanic gravels. \'olcanic eruptions tilled the deep valleys with lava and

dammed up the upper Burnt, Powder, and John Day valleys, causing sand and pebbles to

accumulate. These circumstances favoured the arrest of the gold, and auriferous gravels

became formed at those places where rivers from gold-bearing districts emptied them-

selves into the impounded basins.

3. Pre-volcanic gravels. Eocene or later ^Miocene.

Such gravel-deposits could only retain their form through succeeding

geological periods, when covered with volcanic lava. As however the

lava flowed principally over the lower part of the hills and intense erosion

has not taken place since, the gravels now generally lie deeper than the

present river-courses, and search for them is consequently difficult. Only

at Winterville and Parkville at the headwaters of the Burnt river have

such deposits been worked.

The gravels beds of the Sumpter and Granite districts are bench-

and deep gravels, that is, they belong to the first and second of the above-

mentioned classes. They are probably genetically associated with glacier

advance and the consequent accumulation of pebbles in the upper and

deeper-cut vallevs. Auriferous gravels in the United States belonging to

the third class are of small importance. It is to be remarked however that

the telluride gold lodes, though in general and as instanced by the occurrence

at Cripple Creek little suited to the formation of gravels, have also occasion-

ally given rise to such deposits.
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The Gold Gravels of Alaska and the Yukon

LITERATURE

J. F. Kemp. The Ore Deposits of the United States and Canada. New York, 1900

Among the youngest gravels are those of the Yukon district. So far

as these are yet known the richest lie in Canadian territory, though the

earlier equipments were erected on the American side. The gold occurs

in two different kinds of gravel. It occurs firstly on the bed-rock along

the smaller stream beds and their tributaries, which latter are locally

termed ' pups.' With these deposits the auriferous bed is overlaid by a

barren, hard-frozen gravel of variable thickness, which in turn is frequently

covered by peat. The auriferous bed is won in winter by thawing a shaft

with fire and heated stones, and dumping the gravel until warmer weather

allows it to be w^ashed. Except for this frozen state these gravels do

not in any way differ from normal gravels.

The second kind of auriferous gravel is the bench gravel ^ occurring

on the valley side, above the present river level. These are regarded by

Tyrrell as the moraines of small glaciers which disappeared after reaching

but a short distance down the hillside. The precious metal of these

gravels was probably derived from the quartz lodes of the Birch Creek,

the Forty Mile district, and the Eampart Series.

South of the headwaters of the Yukon lies the Cassiar district which

is reached from the coast through Wrangell and the Stickeen river. The

most important discoveries here have been made in the Dease Lake district,

where the precious metal is found in gravels which after their formation

became covered by a considerable thickness of younger detritus. One of

the roads to the Klondyke passes through this district.^ Other Canadian

gravels are known in the Chaudiere river in east Quebec.

The auriferous gravels of the Cape Nome district are worthy of special

mention.^ This district is situated in Alaska, 64-4° north latitude and
165-1° west longitude, on Norton Sound on the north shore of the Behring

Sea. It extends in a northerly direction from Mount Nome to Sledge

Island, a distance of about 25 miles. The country here forms a gradually

rising plain terminated by a low mountain chain. Through this plain the

Snake and Nome rivers, with their many tributaries, meander. In these

valleys the auriferous bed lies immediately under a peat covering 6-12

inches thick. The shore deposits, which in part have yielded good results,

were discovered in 1899.

1 A7ite, p. 1201.
2 G. M. Dawson, Geol. Survey of Canada, III., 1888, Rep. B ; E. D. Self, ' Cassiar

District,' Eng. and Min. Journ., Feb. 18, 1899, p. 205.

3 H. Weber, ' Die Goldlagerstatten des Cape Nome Gebictes,' Zeit. f. prakt. Geol., 1900,

p. 133.
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The precious metal of these marine gravels is distinguished from that

of fluviatile gravels by the previously-mentioned ^ corroded appearance. Of

recent years gravel-mining in this district has made considerable progress.

In 1911 twenty-two plants were at work, either throughout the whole year

or during the summer months. To these in the next year or so a further

six will probably be added, the erection of these having already been

commenced.

In 1910 the gold production of Alaska amounted to 11,985,000 dollars,

and in 1911 to 12,700,000 dollars. This increase may be ascribed to the

Iditarod-Innoko district, which, since the Fairbank and Seward districts

in 1911 decUned, is more important than these figures would indicate. In

that year, according to Canadian statistics, the production from the

Yukon gravels was about 4-58 million dollars, and accordingly most of

these gravels lie outside Canada. British Columbia in the same year

produced gold to the value of 468,000 dollars from gravel-deposits.

The Gold Gravels of Australasia

From the discovery of gravel gold in Victoria and New South Wales

in 1851, or shortly after the sensational discoveries of gold in California

in 1848, Australasia up to the present has produced almost as much
gold as the United States. Thus, up to the end of 1910 ^ Australasia

had produced 4433 tons of gold, as against 4926 tons by the United

States ; or according to other statistics and including 1911, Australasia

656 million sterling and the United States 716 million sterling.

Since the end of the 'nineties almost one-half of this Australian produc-

tion has been derived from the telluride gold lodes of Western Australia ;

^

before this, Victoria with its exceedingly productive gravels was the most

important producer. In the 'fifties, 'sixties, and 'seventies, the Australian

gravels yielded even more than those of Cahfornia. The following statistics

covering the years in which the working of gravels was so important,

give an idea of the productivity of these deposits.

Gold Prodfction in Ounces
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In Victoria, which from 1852 to 1861 produced annually more than

2 million ounces—in 1856 even 3,053,744 ounces—and from 1862 to 1875

more than 1 million ounces, almost the whole of the gold was originally

obtained from gravels. Lode-mining began fairly early, though even in

the middle of the 'sixties the gravels produced double as much as the lodes.

At the beginning of the 'seventies an approximately equal quantity came
from the two classes of deposit ; while only since the beginning of the

'nineties have the lodes produced more than twice as much as the gravels.

In New South Wales also, the gravels were originally of great importance.

In Tasmania, on the other hand, up to the end of 1895 only about one-quarter

of the gold production was derived from gravels, and in Queensland only

about one-tenth, the other three-quarters and nine-tenths respectively

having been obtained from lodes. In Western Australia the gravels have

always been of comparatively subordinate importance.

During the period when the Australasian gravels still played a pro-

minent part in the production, Australasia—including that from lodes

—

produced during the quinquennial periods 1851-1855, 1856-1860, 1861-

1865, 1866-1870, and 1871-1875 yearly averages of 69,573, 82,392, 77,634,

73,526, and 63,129 kg. of gold respectively. Owing to the great decline

in gravel-mining, this average for 1876-1880 sank to 45,294 kg., and for

1881-1884 to only 43,186 kilogrammes. Later, gravel-mining suffered a

still greater decline, while lode-mining on the other hand became more
prominent, particularly in the Bendigo district, Victoria ;

^ on Mount
Morgan, Queensland ;

^ and in the Waihi district, New Zealand.^ In

addition, towards the end of the 'nineties the exceedingly important

telluride gold lodes of Western Australia * became large producers, con-

siderably increasing the total production of Australasia, which in 1903

reached some 134,200 kilogrammes. Of recent years, however, it has

fallen again, namely, to 107,200 kg. in 1909, and 92,800 kg. in 1911.

The gravel-deposits of Australia in section agree on the whole with

those of America. The highest gold content is found in the immediate
neighbourhood of the Silurian bed-rock. In Australia also, the early

Pliocene deep gravels may be difEerentiated from the later overlying

alluvials. Here also the old gravels are in part covered with basalt which,

particularly in the Gippsland district, Victoria, reaches a thickness of

150 m., while the auriferous sands may exhibit a thickness of 10 metres.

In addition, pre-Tertiary gravels of very early formation, since very old

auriferous quartz lodes existed, are particularly interesting
;
gold is even

found in the Upper Devonian and Lower Carboniferous conglomerates and
sandstones.

1 Ante, p. 611. 2 Ante, p. 640.
3 A7ile, p. 590. 4 A7ite, p. 598.
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The most important gravels are the Tertiary. The formation of these

began in the Miocene, a period of intense erosion. In north Gippsland,

between the Sihirian rock and the auriferous sands, Maccoy found a bed

containing fossil plants

—

Cinnamomum polymorphoides. Some of these

old fluyiatile gravels have been followed to their debouchment into Tertiary

beds, and the assumption is justified that the deposition of gold continued

in the marine beds at the river delta. Some iliocene gravels have been

worked in Gippsland. Many others are covered with basalt, as for

instance at Tangil in Gippsland. The Pliocene gravels are likewise fluvia-

tile, more rarely marine. They o\\e their formation to the same period

of erosion which, having commenced in the Miocene, reaches to the present.

Generally speaking, the gold of these deposits Hes not far distant from

the primary deposit. The more uncommon littoral gravels exhibit a fair

regularity throughout their whole development. The fluviatile gravels are

more irregular and are frequently covered -with river deposits or basalt.

When laid bare by subsequent erosion, they become ' shallow placers.' At
Ballarat they occur in a Middle Pliocene valley. There the auriferous

bed lies 50-150 m. deep and is 0-5-1 -5 m. thick ; the bed-rock is like^^^se

auriferous to a depth of 1-5-3 metres. The content of the gravels varies con-

siderably ; the following weights per cubic metre hold good for Ballarat

:
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in a comparatively short time, to-day principally the old gravels are being

worked. Here also glacial phenomena play an important part. The most
important gravels are found in the south-west of the South Island, in the

districts Westland, Inangahua, Grey, and Buller. At Westland south of

the river Teremakau the sands are auriferous for a length of 150 km.,

along which length at Saltwater, Three Mile, and Five Mile, they have

long been worked. Kumara in the centre, in the sixteen years up to

1895 produced gold to the value of 1-2 million sterUng, from an area of

2,904,000 square yards. The Grey district in one year yielded 800 kilo-

grammes.

In Otago to the south of the island, gold washing is carried on more
particularly at Blue Spur in the Tuapeka district and in the Clutha basin.

At Blue Spur, work is almost exclusively confined to a conglomerate lying

immediately on the bed-rock and consisting of pebbles of Ordovician

quartzite-slate. This conglomerate appears to be of glacial formation and
exhibits a stratification expressed by red ferruginous layers. It is particu-

larly interesting owing to its great age. In its hanging-wall the lignites

of the Oamaru formation occur ; these belong to the Eocene or perhaps

even to the Upper Cretaceous. The gold deposit is therefore at least

early Tertiary. In the Otago basin is situated one of the best-known

auriferous districts of New Zealand, this district also extending to include

the beds of the rivers Pomahaka and Waitahuna. Mining in this district

is not confined to the young alluvials, but extends also, as in Cahfornia,

to bench or terrace gravels. The gold content is not high, but since the

cost of production is low these gravels are payable.

The Gold Gravels of Siberia

The auriferous gravels of this country, which play an important part

in the Russian mining industry, are of considerable extent. Although
these deposits represent a considerable portion of the natural wealth of

Siberia, in consequence of the poor means of communication, generally

speaking only those are worked in which the gold occurs in compara-
tively large grains. In the formation of these gravels glacial processes

probably also played a part.

In the Urals the gravels to-day are almost exhausted. These are

closely associated \vith gold-quartz lodes and are characterized by the

irregular distribution of the gold, which is apparently arranged in strips

following the lode-outcrops. In the gravel-deposit at Kotschkar, for

instance, under about 10 m. of barren clay lies an auriferous sand
0-5-1-5 m. in thickness, containing 1-10 grm. of gold per ton. In the
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east of the Urals the auriferous beds reach 4 m., but on an average

are 0-5-1 m. in thickness. They are usually 20-40 m. long, though

exceptionally as much as 200 metres. In the Bogoslowsk district, on the

other hand, deposits 4-6 km. in length and 20-40 m. wide, are known.

In this district the auriferous sands fill pockets or irregularities, usually

1-4 m. deep, in the bed-rock. They are frequently covered by a peat layer.

The richest portion is generally found at the base, immediately on the

bed-rock,i though occasionally a second auriferous bed occurs at a higher

level. The gravels occur in recent as well as in old valleys. The precious

metal occurs as fine flakes which are sometimes very irregularly distributed

in the sand. Large nuggets have been found in the Tzarevo-Alexandrowsky

deposit in the Miass district. The gold is almost invariably associated with

magnetite, haematite, ilmenite, and chromite, while platinum also occurs

fairly frequently. Garnet, coloured precious stones, zircon, disthene, and

now and then the diamond, are characteristic of the Ural deposits. The

water-courses which disintegrated the gold lodes destroyed also many
pegmatite dykes. These deposits are post-Tertiary and often very young

;

they contain remains of mammoth, rhinoceros, and occasionally artefacts.

Almost all occur on the eastern slope, the western slope being poor in

auriferous gravels.

The Siberian deposits are responsible for almost the whole of the

Russian gold production, which since 1907, when the Yakutsk district

became a producer, has risen considerably.

In the Yenissei basin the gravels occur on the right bank of the river,

between Angara and Podkamennaia Tounyouska. They are also found

on the Teya, the Enachimo, the Pit and its tributaries, as well as in the

district of the Ouderei and Oudoronga.

In the Lena basin the gravels occur princijjally on the Potam plateau

between the Vitim and the Lena, or on the Olekma. Of late years success-

ful operations have been prosecuted on the Lenskoie in the neighbourhood

of Bedaibo. In the Olekma district the section is as follows :

1. Recent fluviatile and eluvial formations.

2. Upper clay and loam up to 35 m. thick, as at Alexandrowsky.

3. Inter-Glacial sand and gravel.

4. Upper indurated clay, lower indurated claj-.

5. Pre-Glacial sediments and Eluvium.

The gravels occur both in the lower portions of present valleys and

along higher terraces, of which latter with some rivers there are several.

The gold is in part so fine as to float in water, and in part coarse-grained

;

only in exceptional cases are large nuggets found, though such may
occur weighing as much as 40 grammes. The auriferous bed is overlaid

^ L. de Launay, Traite de meiaUogenie, 1913, Vol. III. p. 716.
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by barren material sometimes 40 m. thick. The gravel itself usually lies

immediately on the bed-rock. Exceptionally, a still higher auriferous

bed is found having barren material for the foot-wall, as at Proroko-

Iliinsky on the Nigri. Often at the base of the alluvials a thin bed con-

sisting of clayey sand with rock fragments is met, the finer material of

wliich may penetrate down along the bedding-planes of the up-tilted bed-

rock for sometimes as much as one metre. In this bed gold nuggets such as

may be picked out by hand occasionally occur. Upon it lies the main

auriferous bed, which is usually 0-75-1 m. thick and only exceptionally

more than 2 metres. This consists of clayey sand with numerous rock

fragments, and contains pyrite, this mineral forming the bulk of the con-

centrate obtained by washing. The gold content is very variable ; it may
reach as much as 20 grm. per ton, though usually the material washed is

poorer. In general the richest portions lie along the middle of the valley,

from whence the content diminishes on both sides. In the Vitim basin the

pre-Glacial gold deposits fill old and young valleys. They contain 15 grm.,

and exceptionally as much as 30 grm. of gold per ton. The alluvials

consist of sandstone- and slate pebbles, these being frequently cemented

by pyrite. Towards the top the sandy and clayey particles increase ; in

this portion, however, there is no gold.

In the inter-Glacial and post-GIacial sands also, the precious metal

occurs at different horizons. In these the gold is rounded, while the pre-

Glacial gold owing to the shorter distance it has been transported is usually

angular. The average gold content of these more recent gravels is 4 grm.

per ton.

In the Nijni deposit on the Bodaibo, the auriferous bed contains

pyrite mth 344 grm. of argentiferous gold per ton. At Konstantinovsky

the pyrite has assayed as much as 1582 grm. of gold per ton. In these

gravels gold and pyrite are accordingly most closely associated, a part

of the gold having doubtless been deposited from solution. The total

thickness of the alluvials reaches 150 metres. In the Kroutoi deposit, the

most important in the Engagimo basin, the auriferous bed varies between

1 and 2 m. in thickness. It lies 25 m. below the surface, and consists of

small pebbles with a clayey sand containing 7-8 grm. of gold per ton.

In the Amur basin most of the tributaries of the Amur are gold-bearing.

The principal deposits are those of Djihnda and Djolon, etc. in the Zeya
district. The gold occurs in comparatively large and angular pieces and
appears to have suffered no great amount of transport. In the Zeya

district the coarser beds with boulders of 30 cm. diameter usually contain

much gold, while the gravels and sands containing finely comminuted gold

are poor. In accordance with the varying nature of the bed-rock, the

character of the auriferous gravels is very variable. Sometimes the bed-
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rock is covered with large boulders, while at other times, in the amphibolite-

schist district, green sands containing much amphibolite detritus and pyrite

are found. In the Leonovsky deposit—^the most important belonging

to the Djolon company, having in ten years produced gold to the value

of 30 million francs—^the average content was 10 grm. per ton, while in

other gravels of the same district it has varied between 2 and 3 grammes.

The gravels of the Kerbi, one of the tributaries of the Amgoun, appear in

greater part to be eluvial ; they consist of altered slaty material. The

gold content reaches exceptionally 6 grm. per ton, while the abundant

pyrite, which remains behind in the sluice boxes, contains 3 grm. per ton.

The Nagorny deposit on the Amur lies in the district of Klein-Khingan.

Here, exceptionally, an upper older terrace, about 80 m. above the river

Soutar, occurs. The gravel lies upon a fine-grained granite. The auriferous

bed, consisting of clay, sand, and gravel, is 0-75-5 m. thick. It is overlaid

by a 10-30 m. thick, more or less clayey or loamy bed. The gold content

of the gravel is 2-23 grm. per ton. In the upper bed several other

layers with approximately 1 grm. of gold per ton occur. Some authorities,

including Jaczevsky who made a detailed examination of the Baikal

district, expect that, analogous to the Californian deposits, auriferous

gravels ^^^ll be found under the basalt sheets.

The Gold Gravels elsewhere

In Manchuria, gravels formed by the disintegration of gold-quartz

lodes occur, sometimes as older deposits on plateaus, sometimes as younger

depositions in valleys, and finally as marine beds ; these last are the most
important. The sea-bottom for about 100 m. from the coast is covered

with pebbles, which lie on pre-Cambrian clay-slates. A bulk sample,

washed by fifteen men in 2 hours, gave 166 grm. of gold, including one

nugget which weighed 55 grammes.

In Korea ^ practically every one of the numerous river-courses contains

some free gold. Among the best known deposits is that at Tangkogae,

situated 160 km. north-east of Seoul between Kimsong and Hoyang, in the

upper portion of the most northerly tributary of the Han river. These

gravels have been worked for fifty years, and at times as many as 20,000'

men have been employed. The country around consists of a cavernous

Hmestone. By the collapse of this limestone a large depression 1 km.

long and 500 m. wide became formed, into which three large and two

small auriferous streams now flow. In these streams themselves gold

gravels occur only to a small extent ; in the depression, on the other

1 L. Bauer, 'Das Goldvorkommen von Tangkogae in Korea,' Zeit. /. prakt. GeoL,

1905, p. 69.
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hand, extensive auriferous gravels are found. In thickness these vary

between 3 and 15 metres. The contained boulders are large, blocks of 1

cubic metre being not uncommon, while sand beds occur subordinately.

The gold content is rather irregular ; it increases towards the bottom,

though no definite auriferous bed can be distinguished. Apparently,

frequent floods have prevented the formation of a regular gravel.

The Tangkogae gold is fairly coarse and of great purity ;
small nuggets

weighing as much as 16 grm. have been found, though usually the gold

occurs as flat scales free from attached country-rock. Bauer states that

native lead has been found in these gravels, such lead, according to Beck,

being occasionally intimately intergrown with the gold. Since, however,

at places in this district silver ores formerly were smelted, it is not

impossible that the lead was introduced into the gravels by man.

In Eussian Turkestan,^ the gold gravels of Bokhara and of the Kaschgar

district are to-day almost exhausted. These were among the first of all

deposits to be exploited, some authorities even considering that they

represent the Mount Ophir of King Solomon. The gravels were sub-

sequently worked for a long time by the Mongohans and the Sarts.

Modern mining operations began in 1894, in which year the deposits

attracted the attention of the Eussian government, following which they

were examined, and in 1897 declared open. Prospecting work, however,

has shown that these gravels are in greater part exhausted and that only

the present river-courses carry gold to any extent. The primary gold

deposits have not yet been definitely determined
;

possibly they were

Tertiary conglomerates with a low gold content.

Auriferous gravels have also been found in Mongolia, Chinese Turke-

stan, Tibet, etc. In eastern Tibet, an auriferous district lies east of Koukou-

Nar. While formerly much gold was won from this district, since the

invasion of the Dounganians(?) in 1863, further work has been abandoned.

Workable deposits have also been found in the Altyn-Tag and Kuen-Lun

mountains. According to Johnson, on the northern slope of these latter,

3000 men were employed in the Kerija mines, from which, according to

Prjevalski, gold to the value of £110,000 was won annually. Farther

west, on the northern slope of the Karakorum range, the upper portion

of the Tarim or Yarkand-Daria river likewise carries gold. In western

Tibet, auriferous gravels have long been worked east of the Upper Indus.

This district, termed by the natives Sarthol or gold-land, is said to be the

1 L. de Launay, Eichesses minerahs dc FAsie, 1911 ; A. v. Krafft, ' Mitteilungen liber

das Ost-Bokharische Goldgebiet,' Zeit. f. prakt. GeoL, 1899, p. 37 ; D. Levat, 'Notes geol.

sur les richesses minerales de la Boukharie et du Turkestan,' Bull, de la Soc. geol. de France
4e serie. Vol. II. p. 439, 1902 ; ' Turkestan et Boukharie,' Hem. Soc. Ing. civils, Sept.

1902, p. 42 ; ' Richesses minerales des possessions russes en Asie centrale,' Ann. des mines,

1903, p. 174 ; L. de Launaj^ Traite de melaUogenie, Paris, 1913, Vol. III.
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famous Gold Land of Herodotus. In it, systematic mining was carried

on in the beginning of the nineteenth century. The gravels at Thok-

dschaloung, like most of those in Tibet, lie very high, namely, 4980 m.,

and are worked principally in winter. Altogether, according to Reclus,

the gold production of western Tibet amounts to about £8000 per year.

In India,^ the principal gold deposits occur in a hornblende-schist,

chlorite-schist, and clay-slate district, more or less associated \viih eruptive

rocks ; Foote embraces these beds under the term Dharwar series ; they

lie on gneiss. At the commencement of the nineteenth century gold was

found west of the Nilgiri Hills in the courses of several rivers ; in 1802

gold washing was discovered in progress near the village of Wurigam in

eastern Mysore ; in 1868 the gravels of Betmangla, which proved to be too

poor to be worked, were discovered ; and in 1870 those on the Hemagiri

Hill. Early in the 'seventies small amounts of gold were won in the Bet-

mangla and Kolar districts. By far the largest amount of the gold from

the Mysore goldfield is however obtained from lodes. In the province of

Orissa, alluvial gold occurs in the native states Dhenkanal, Konjhar, Pal

Lahara, and Talchi ; as with most other Indian auriferous gravels, the

gold content is low, and these deposits are unimportant.

In Africa, auriferous gravels are known in Tunis, Senegal, in the

Soudan, in French Guinea, on the Ivory Coast, in Abyssinia, in the Congo

district, in Angola, the Transvaal, Rhodesia, and Madagascar. In Mada-

gascar those at Ikopa, Betsiboka, Mahajamba and Bemarivo, and Manan-

bulo, containing 1-2-5 grm. of gold per ton, deserve mention. In the Belgian

Congo ^ during 1911 about £65,000 was spent by the state in exploration

work undertaken largely in the auriferous district of Kilo to the west

of Lake Albert. In 1910 the production from the state mines amounted

to 876 kg. of gold worth £105,000, and in 1911 to 700 kg. worth

£84,000, this decrease being consequent upon the exhaustion of some

of the richer fluviatile gravels. The importance of the auriferous gravels

at Nebula, about 110 miles north-north-east of Stanleyville, appears to

have been exaggerated ; the value of the gold produced in 1912 was

anything between £4000 and £10,000. The deposit at Kanwa, 3 miles

from Nebula, appears to be promising. In the year 1911 prospecting was

undertaken at Moto, 325 miles north-east of Stanleyville. The total

yearly gold production of the Belgian Congo has a value between

£100,000 and £125,000.

The European auriferous gravels are to-day of no importance. In

France, auriferous gravels are known in Brittany, on the Central Plateau,

1 Phillips and Louis, ^4 Treatise on Ore Deposits, 2nd Ed., London, 1896 ; V. Ball,

' Manual of the Geology of India,' Part 3, Economic Geology, p. 176, Calcutta, 1881.
2 Sydney H. 'QaXl^ The Mineral Industnj for 1911, p. 303.
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in the Cevennes, in the basin of the Rhone, and in the Pyrenees, these having

formerly dehvered their gold to the Mint at Toulouse. In Germany, the

Rhine is known to be auriferov;s, gold-washing in its bed dating back

to the seventh century. Daubree estimated the production in 1846

by 500 gold-washers at £1600.^ In addition, he showed that not only

the present river sands but also the older deposits, situated 10-20 km.

from the present Rhine, carry gold. The gold content of the Rhine sand

amounts to 0-014-1-011 grm. per cubic metre. In a nine hours' day one

man has obtained gold to the value of 9 shillings. The gold in these gravels

is associated with titaniferous iron, quartz, zircon, and, according to Doe-

bereiner, some platinum. The primary deposit has not yet been located.

In Spain, auriferous gravels occur along the Rio Sil and Rio Duerna in the

Granada plain. These are unimportant, as also are others in northern Italy

and in the Balkan Peninsula. In Transylvania, in the district of the young

gold lodes, some gold was formerly washed from gravels. In north Finland,

where some poor auriferous quartz lodes occur, gold has been washed from

fluviatile gravels in the river Ivalo and its tributaries, that river itself being

a tributary of the Enare. From the beginning of work in 1869, to 1899,

gold containing only 5-5-6 per cent of silver and having a total value of

about £55,440, was won ; since then, production has been low. The

richest gravels are stated to have yielded 2 grm. of gold per cubic metre.

At Karasjok also, in the adjacent portion of Finmarken in Norway, gold

has been obtained by washing, namely, from 1898 to 1901 some 7 kg. or

including that obtained afterwards, some 20 kg., equivalent to £2500.

According to H. Reusch "^ the gold occurs in the lower portion of the

Aser, a bed consisting of material deposited from rivers under the ice

sheet. These are accordingly fluvio-glacial gravels.

THE PLATINUM GRAVELS

Platinum was discovered in 1755 in the auriferous sand of the river

Pinto in the province of Choco, Colombia. It was subsequently found in

gravels in British Columbia, Minas Geraes, Borneo, etc. and particularly

in the Urals, the gravels of this last place still yielding the largest part of

the platinum production. This metal invariably occurs in an alloy of iron

and platinum found associated with much chromite, magnetite, and the

decomposition products of peridotite. The intergrowth of iron-platinum

with other minerals, such as chromite, olivine, and pyroxene, of which

1 Daubree, ' Sur la distribution do Tor dans la plaine du Rliin,' Ann. des mines, 1846,
4e series, Vol. X. p. 1 ; Min. du Bas-Rhin, 1872.

2 Norwegian Geol. Exi^loration, No. 36, Report for 1903.
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intergrowth excellent examples are found more particularly in Colombia,

is especially interesting. The primary platinum deposits have already

been described.^

The platinum gravels occur either in districts of fresh or serpentinized

peridotite, or in rivers flowing from such districts. These gravels, in

addition to iron-platinum frequently containing some iridium, osmium,

ruthenium, palladium, rhodium, and copper, occasionally carry some

osmiridium. The platinum content of the metal won varies between 70

and 96 per cent, and is usually 80-90 per cent ; the iron content may
reach more than 10 per cent ; while rhodium, osmium, and iridium, may
together amount to several per cent. The osmium-iridium content is

manifested upon the dissolution of the platinum, w^hen bright dark-grey

flakes of osmium-iridium remain, these consisting in all probability

of sisserskite, which mineral, according to Dana, contains 30 per cent

of iridium. The determination of the amount of the other platinum

metals present is therefore important. The platinum of different deposits

is frequently of very dissimilar composition ; comparison of analyses from

the Urals and Colombia would, for instance, show considerable difierences.

Although the average platinum content is approximately the same, the

iron content of the Colombian platinum is substantially lower than that

from the Urals. Another notable difference lies in the iridium-, osmium-,

and osmium-iridium content. In the Ural platinum this amounts at

most to a few per cent, while in that of Colombia it reaches nearly 7 per

cent. In general the colour of the platinum from Colombia is somewhat

lighter than that from the Urals.^

Owing to the high price of platinum, gravels may be worked when the

metal content is but a fraction of a gramme per cubic metre, provided other

conditions are favourable. These conditions are large quantities of gravel

and sufficient water, so that dredge- or hydraulic mining may be prac-

tised. The payability of platinum deposits therefore is less burdened

with conditions than is the case with gold.

The chief producer of platinum^ is Eussia, which country in 1909

produced according to official statistics 156,792 oz., but in reality about

250,000 ounces. This difference is explained in that the official figures do

not take into account the considerable amounts stolen by employees.

The production of recent years is given a few pages ahead.* Next in

importance comes Colombia with a production of 8800 ounces in 1908.

The United States produces only a fraction of the world's production,

namely, in 1908 about 750 ounces ; then follow, New South Wales with

1 Ante, p. 342.

2 P. Krusch, Untersuchung und Betvertung von Erzlagerstdtten, Stuttgart, 1911, 2iid

Ed., Ferdinand Enke.
3 P. Krusch, loc. cit. « Postea, p. 1219, 1220.
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about 530 ounces, and Sumatra and Borneo with 500 ounces, in 1908. A
few kilogrammes of platinum and palladium are recovered annually from

the anode slime which falls as a by-product in the production of pure

nickel in the electrolytic nickel refinery at Kristianssand in Norway, which

Peridohte, Gabbro-
Olivine diorite,

Diorite

Syenite Devonian Talc

Gneiss Limestone schists
Platinum
Gravels

Fig. 461.—Geological map of the district arouinl the Solovief mountain in the Urals showiug
the platinum gravels of the Martian basin. Kemp.

treats furnace products from the Norwegian nickel-pyrrhotite.^ The
platinum - producing countries other than Russia together produce but

little more than 10,000 ounces annually, as against 250,000 ounces from
Russia.

In 1912 the price of platinum was about 6s. 3d. per gramme. Since

native platinum as won from gravels contains only approximately 80 per

1 Ante, pp. 155, 283.
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cent of the pure metal, one gramme of svich platinum is therefore worth

4s. lOd., while one gramme of gold is worth only 2s. lOd. To that of the

platinum must also be added the value of the other platinum metals

present, the prices of which in 1910 were :

Palladium
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130 poods. The gravels of Goroblagodatsk are centred around the Katsch-

kanar and Sarauuajy mountains ; they were discovered in 1825 in the

tributaries of the Iss, and active operations have been carried on since the

'sixties. The production varies between 100 and 180 poods per year. In

the Bissersk district, where mining likewise began in the 'sixties, the

production is smaller, only exceptionally reaching 50 poods.

The characteristics of the Ural

gravels may be gathered from the fol-

lowing details.^

The distribution of the metal is

everywhere irregular. As a rule the indi-

vidual platinum grains are small, though

nuggets weighing more than 1 kg. have

been found in places. The platiniferous

bed of the Tura, which may be taken as an

example and the basin of which is illus-

trated in Fig. 463, consists of sand and

large boulders, under which comes the

platinum gravel 2-7 feet thick ; on top,

in places there is a covering of peat.

According to a report placed at the

authors' disposal, the cost of production

amounts to 4000 roubles per pood,

equivalent to about 240 roubles per

kilogramme, or about 6d. per gramme
of platinum, a figure \\'ith which the

value of the metal compares very

favourably. Where hydraulic mining

can be applied, that is, where suffi-

cient water under the necessary pressure

is available and the character of the

deposit is suitable, work is cheaper than

with dredging.

Exploitation is carried out either by contractors, the so-called Siarateli,

or by day-work. In the first case small plots are allotted to peasants who
are paid for the metal they deliver. By this method no capital for

plant is required and the work is done fairly cheaply ; there is however the

disadvantage that mining is not done systematically. When the beds are

more extensive and thick peat layers occur, the whole district is divided

up into plots, though large areas must be set apart on which to stack the

peat ; such areas are probably lost, even in respect to a possible subse-

1 Knisch, lor. cil. p. 310.

Fig. 462.—-Extent
of the Nischni-Tagil

platinum district

the Urals. Kemp.
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quent working. From the nature of such an arrangement it follows that

the poor parts of the deposit are not worked, since the men are only

interested in obtaining as much metal as possible. In addition, the losses

incurred by the very primitive means of washing are said to amount to

one-third and sometimes even more. The price paid to the Starateli

varies between 1 rouble 50 copecks and 2 roubles 50 copecks per

zolotnik,! that is, from Is. to Is. lOd. per gramme.

With day-work the cost of production is greater, in spite of which

this method is better because the losses are less and work proceeds

Fk;. 463.—The Iss and Tina platiiiuiii ilistrict in tlie Urals. Kemp.

systematically, that is, without leaving any unworked ground. By this

method the cost per cubic fathom of sand treated, including the cost of

lifting the peat, amounts to 5-50-5-70 roubles, equivalent to 1-90 roubles

per zolotnik, or 4000-7200 roubles per pood. By improvement in working,

this cost might be considerably reduced.

The payability of the platinum gravels depends firstly upon the

platinum content, but also to a considerable extent upon the means of

communication and transport and the thereupon dependent labour supply.

For the latter, the situation in regard to water and fuel, and the length of the

working hours, are important factors. The average wage of a workman in

summer is from 75 copecks to 1 rouble per day, and the maximum about

1 rouble 75 copecks. Water for gravel washing is everywhere abundant.

1 1 zolotnik = 4-26 grm.
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Similarly, fuel and timber are generally available, since the forests, against

payment of a small wood-cutting licence, are given over by the Forestry

department to the requirements of the mines. One cubic fathom of

birch timber, including felling and transport, costs 6 roubles. Seeing that
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The composition of the Ural platinum is given in the following analyses
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the gravels on the west coast, in the area traversed by the rivers Opogodo,

Condoto, and Iro. In this district also, the metal occurs in fiuviatile

and eluvial gravels. While in the former the platinmn occurs as rounded

flakes, in the latter it is present as smaller and larger, sharp-edged and

but little rounded grains. The striking intergrowth of the metal with

particles of more basic minerals, especially with a black mineral, presum-

ably chromite, is significant. This mineral -association arose at the

c^^\^e»^^^'

Fig. 465.—The platinum gravel-deposit of Colombia. Kemj).

consolidation of the original olivine eruptive magma, and its continued

existence is proof that the platinum nuggets in which it is still maintained

have suffered no great amount of transport.

The geological circumstances of the Colombian deposits may be gathered

from the following remarks culled from a report by Buttmann. On the

Guineo concession ohvine- and serpentine boulders are found throughout

the gravels, no matter whether these be fiuviatile or eluvial. Where the

fiuviatile deposits lie immediately on the country-rock this latter weathers
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considerably, and between the fluviatile formation and the hard bed-rock,

transition fluviatile and eluvial gravels become formed. The pebbles

seldom reach a diameter oE 20 centimetres. The gravels are in part

laterized to a depth of 0-5-4 metres. Over large areas, however, they

consist exclusively of soft material, such as in all probability would present

no difficulty to hydraulic mining.

Concerning the platinum content of the Colombian gravels, the results

obtained by the Colombian Syndicate have been placed at the authors'

disposal. According to these, in the Guineo district the content varies

between 0-115 grm. and 0-874 grm. per cubic metre. Assuming that the

Fig. 466.—Section through the platiimin gravels of the Coudoto district, Colombia. Kemp.

native platinum contains 80 per cent of pure metal, these figures corre-

spond approximately to 4|d. and 3s. lOd.

The composition of Colombian platinum may be gathered from the

two following analyses :

Platinum .

Osmium-iridium
Soluble iridium

Irou
Copper
Other platinum metals

Total . . . 99-95 per cent. 97-40 per cent.

The follo\\ing is an analysis by Clark of the iridosmium of Colombia :

84-05 per cent.
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Shasta, and Humboldt counties, and Siskiyou, only a few ounces being

won from the marine sands of del Norte and Humboldt counties.

The Oregon gravels are responsible for 70 ounces of native platinum

yearly, two-thirds of this amount being obtained from the marine sands

of Curry and Coos counties, and the remaining third from the river sands

of Josephine and Jackson counties. The total production of the United

States in 1911 amounted to only 470 ounces, the pure metal in which was

about 70 per cent. To this must be added the amount recovered in

refineries from bullion, etc., which may be taken as 600 ounces fine.

A nugget of American platinum gave the following analysis :

^

per cent.Platinum
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of British Columbia.^ These occur together with auriferous gravels in

the south-west of the country, where the occurrence has proved to be by

far the most productive of such deposits in North America. Upon the

exhaustion of the Cahfornian gravels the gold seekers penetrated north-

west into the hills, till in 1861 they found other deposits in British

Columbia. There, the discoveries in the Similkameen River, of which near

[l^H [^m [^] E^^ [VPV3 EI^ ^
bfe Miocene farly Miocene DyKesof Peridofite Pyroxene- Granite Green Quartzite Direct

Rhyolitet Svenite Scrtl5^s and Slate ofGlQCial

Diabasf Movement

Fig. 467.—Geological maj) of the platiiumi district of the Tiilameeii River,

British Colambia. Kemp.

Princeton the Tulameen is a northern tributary, aroused great interest.

Gold mining however assumed no great importance, but from the beginning

the occurrence of platinum was noted. In 1885 this metal was found

together with gold in the sands of the Granite Greek, a tributary of the

Tulameen, about 12 miles above its junction with the Similkameen. The

districts richest in platinum occur on the Eagle Creek, a northern tributary

1 M. Dawson, A7in. Rep. Geol. Canada, 1887, 3 R. ;
' Rep. on the Geology of the

Kamloops Map Sheet,' Geol. Survey of Canada, Vol. VII. Part B. ; W. J. Watermann,
' Economic Geology of the Similkameen District, British Columbia,' Mining Rep. Vancouver,

November 1900, p. 411,
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of the Tulameen, and on the Slate Creek, a southern tributary of the same

river, about 8 miles below the Granite Creek. A map of this region is

given in Fig. 467.

The relation of platinum to gold in these occurrences is about 1:3;
in the tributaries of the Tulameen above the Eagle Creek the platinum

content gradually diminishes. With these occurrences also, the precious

metal is derived from olivine rocks. The deposits have been fairly closely

studied by the geologists mentioned. •• The character of the metal may be

gathered from the following analyses of 18-266 grm. of material, of which

17-894 grm. consisted of platinvim, and the remainder of magnetite, some

pyrite, and gold. The specific gravity of the platinum was 16-686 ; for

purposes of examination it was separated into a magnetic portion equal

to 37-88 per cent, and a non-magnetic portion to 66-12 per cent, the

results being as follows :

Analyses of Platinum from the Tulameen River,

British Columbia
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Cassiar dis., Canada, 1203
Castillo de las Guardas, Spain, 318
Castlemaine, Victoria, 611
Castor mine. Berg dis., 211, 693

CataUna mine, Spain, 833
Catta Branco mine, Brazil, 619
Caucasus, the, 249, 851, 943
Cava del Fumacchio, Tuscany, 409
Cava Gotti, Tuscany, 410
Cebolla dis., Colorado, 374
Ceclavin, Spain, 451

Celebes, East Indies, 515, 1053
Celleiro, Spain, 350
Central America, 524, 527, 577

statistics, 644
Central Clifif mine. Lake Superior, 929
Central Eureka mine, California, 609
Central and West Boulder Associated mine.

Western Austraha, 593
Central Plateau, France, 430, 780-782

CeriUo mine, Spain, 833
Cerro Blanco, Chili, 893, 896

Cerro de Famatiua, Argentina, 871, 949
Cerro de Pasco, Peru, 470, 471, 579, 580,

870, 882

Cerro de Potosi, Bolivia, 579

Cetine di C'otorniano, Italy, 784
Cevia mine. Piedmont, 298
Cevljanovic, Bosnia, 1108

ChacariUa, Bolivia, 939
Chamosen, Switzerland, 1040

Champion mine. Lake Superior, 932
Chanac, France, 781

Chaiiaral, Chili, 896

Chaiiarcillo, Chili, 215, 219, 529, 893,

896

Changkat Parit, Malay Peninsula, 441

Chapadera Mesa, New Mexico, 374
Chessy, France, 216, 327-330

Chihuahua, Mexico, 577

ChUi, South America, 163, 200, 214, 215,

218, 346, 423, 470, 515, 517, 529, 871,

874, 877, 880, 881, 891-896, 943

statistics, 644, 647, 648, 940, 1114

China, 1196

statistics, 644, 1085

Chocaya, Peru, 581

Choco, Colombia, 342, 1220

Chonta, Peru, 470, 471

Chorolque, Bohvia, 579, 581, 585

ChristianiM, Norwav, 160. 180, 189, 346,

354-356, 637, 664, 1097, 1131

Chrzanow, GaUcia, 723, 725

Chugoku, Japan, 897

Chuquicamata mme, Chili, 896

Cieux, France, 430

Ciudad Real, Spain, 1106

Clarabella mine. Sudburv, 291

Clausthal, Harz, 187, 210, 657, 659, 684-

687, 692, 946, 966

Clear Creek, Colorado, 524, 556

Clear Lake, California, 464
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Cleveland, England, 1001, 1022-1025, 1088,

1090, 1092

Clifton Morenci, Arizona, 396-398, 876, 877,

878, 880, 888

CUnton, United States, 1028-1031, 1088

Cobalt, Canada, 667, 668

Cobar, New South Wales, 875, 899
Cobre, Cuba, 875, 878
Cobriros, Bolivia, 939
Coelhoso, Portugal, 430
Coleman dis., Canada, 169, 205

Colguiri Peru, 581, 584
CoUahusai mine, Chili, 896

Coloma, California, 604

Colombia, South America, 342, 470, 1214,

1220-1222

statistics, 644, 647, 648, 1114

Colorado, United States, 151, 184, 517, 518,

524, 525, 527, 529, 556-558, 643

statistics, 554, 556

Colquechaca, Peru, 581

Commern, Prussia, 194, 195, 1169, 1170,

1172-1178

Commonwealth mine, Arizona, 558

Comstock lode, Nevada, 135, 165, 184, 202,

462, 516, 517, 521, 524, 526, 528, 529,

530, 552, 558-563

Concepcion del Oro, Mexico, 398, 876

Concha mine, Spain, 831

Concordia mine, Bolivia, 584

Tiunus, 866

Condado Serro, Brazil, 1225

Consols lode, Ballarat, 615

Cook's Kitchen, Cornwall, 436
Cooktown, Queensland, 1195

Copaquire, Chili, 894

Copiapo, Chili, 896

Copper Cliff mine, Sudburj', 291, 293
Copper Falls mine, Lake Superior, 930
Copper mountam, British Columbia, 873
Copper Queen mine, Arizona, 888

Coquimbo, ChiU, 892, 893, 896, 1107

Corbett mills. Nova Scotia, 1168

Cordilleras, the. South America, 578-580

Cordoba, Spain, 431

Corlou mine, Thasos, 758, 759

Comacchino, Tuscany, 471, 472
Cornonabe mine, Utah, 558

CornwaU, England, 143, 163, 167, 200, 205,

209, 216, 421, 423, 431-436, 448, 449,

657, 711, 712, 713, 870, 882, 1195
statistics, 940, 941

Corocoro, Bolivia, 872, 928, 938
Coromandel dis.. New Zealand, 590
Corrego das Lages, Brazil, 1225
Corsica, 876

Cortiveccliie, Tuscany, 472
Coyote Creek, Utah, 1188, 1189

Crean Hill mine, Sudbury, 293
Creighton mine, Sudbury, 291, 293
Cripple Creek, Colorado, 165, 184, 202, 219,

516, 517, 518, 520, 523, 525, 528, 529,

530, 531, 534, 556, 563-566

Cross Fell, England, 823

Crowgarth, England, 824

Cryderman mine, Sudbury, 291

Crystal Falls, Jlichigan, 1062, 1063, 1071
Csetatye, Transylvania, 519, 546, 639
Cuba, statistics, 940, 1085, 1114
Cuciu-u-Taris, Sardinia, 755
Cumberland, England, 161, 1088, 1091,

1096

Custer Co., Colorado, 524, 557
Cuytina, Minnesota, 1062, 1071

Czeladz, Russian Poland, 723
Czerna, Gahcia, 723

Cziklova, Hungary, 356, 357

Daghardy, Asia Minor, 248, 249
Dakota, United States, 447, 451, 625, 1167-

1169

statistics, 554, 556

Dalane, Norway, 901

Dalen, Norway, 902
Dalkarlsberg, Sweden, 386, 392, 393
Dalnaia, Urals, 367, 368
Danielszug mine, Siegerland, 800
Dannemora, Sweden, 197, 276, 353, 383,

384, 385, 386, 390, 392, 393, 394, 1054,

1097

DaskaHo-Niki, Greece, 746
Daxelried, Bavaria, 340
Dease Lake dis., Canada, 1203
DeOingenhofen, Westphalia, 735
De Kaap, Transvaal, 625, 626
De Lamar dis., Nevada, 558
Delligsen, Germany, 1052
Derbyshire and Yorkshire coalfield, Eng-

land, 1036

Dernburg lode, German East Africa, 624,
625

Descubridora de CarizaliUo, ChiM, 896
Desengano, Chili, 896
Devon, England, 205, 713
Dhenkanal, India, 1212
Diepenlinchen mine, Harz, 731, 733, 734
Dietz, Prussia, 1075

Dillenburg, Prussia, 205, 965, 1075, 1076
Dionisio, Rio Tinto, 320, 324
Dippoldiswalde, Erzgebirge, 425, 670
Di.sko Island, Greenland, 341, 344, 347,

1044
Dittmansdorf, Erzgebirge, 670
Djebel-Hamimat, Algeria, 1187, 1188, 1189
Djewer Kamen, Serbia, 484
Djilinda, Siberia, 1209
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Djolon, Siberia, 1209

Dlugosczyn, Galicia, 723

Dobratsch, Carinthia, 741

Dobschau, Hungary, 162, 205, 482, 789, 801,

807, 882, 903, 947, 965

Dognacska, Hungary, 356, 357, 359

Dolcoath, Cornwall, 434, 435, 436

Dombrowka, Silesia, 723, 725

Drahl, Harz, 1083

Dubuque, Wisconsin, 769

Duchin Wei, Nigeria, 1196

Ducktown, Tennessee, 216, 877, 882, 889,

943
Dudweiler, Prussia, 1151

Dulcinea mine. Chili, 896

Dunderburg mine, Nevada, 767

Dunderland, Norway, 1055, 1056-1058

Dundret, Sweden, 452

Du Preez series, Witwatersrand, 1154

Durango, Mexico, 374, 447, 573

Diiren, Rhenish Schiefergebirge, 1184

Dutch East India, 644

Dyrhaug, Norway, 294

Eagle Hawk, Victoria, 612

East Change mine, Victoria, 616

East Indies, 249

statistics, 644, 647, 648

Echigo, Japan, 860

Ecuador, South America, 470, 648

Edelleute flucan, St. Andreasberg, 687, 688

EdelleutestoUen lode, Erzgebirge, 682

Ehrenfriedersdorf, Erzgebirge, 425, 429

Eibenstock, Erzgebirge, 425, 680, 681

Eichelberg, Bavaria, 1179

Eicks, German}^ 1185

Eidsvold, Norway, 637

Einigkeit lode, Hungary, 541

Silesia, 403
Einsiedel, Hungary, 806

Eisenerz, Styria, 1088, 1092, 1097

Eisleben, Harz, 1125

Ekaterinburg, Urals, 249

Ekedal, Sweden, 298

Ekersund, Norway, 251, 256

Ekstromsberg, Sweden, 197, 270, 274

Elba, 37, 160, 180, 350, 369-372, 909,

1097

El Balcon, BoU^-ia, 584

Elbingerode, Harz, 684, 1081-1084

El Confessionario, Spain, 319

Eldorado mine, Rhodesia, 1166

Elgcrsburg, Thuringia, 212, 851

Elisabeth mine, Silesia, 728

Elisenhohe mine, Taunus, 866

Elkhorn, Montana, 530

El ISIorro mine, Spain, 828

El Oro, Mexico, 526

El Pasco, Peru, 526, 528
El Provenir, Spain, 478
Elqui i la Serena, Chili, 896

Elsie mine, Sudbury, 291, 292
El Tinto mine, Spain, 323
Elvira mine, Spain, 833
Elvo, Piedmont, 341

Enul lode, Bohemia, 779

Empire mine, California, 608

Ems lode-system, Prussia, 700-702

Engelsburg lode, St. Andreasberg, 688
Engelskirchen, Berg dis., 693

England, 823-826, 1022-1028, 1035, 1185
statistics, 778, 940

Erbersdorf, Erzgebirge, 674, 675

Ergastiria, Greece, 746

Erteli mine, Norway, 281, 294, 295, 297,

1136

Erzberg, Styria, 181, 817-820

Erzgebirge, Saxon-Bohemia, 205, 282, 408,

416, 423, 425-429, 657, 670-683, 878,

968
Transylvania, 536, 543-547, 805-809

Eschbruch mine, Aachen, 733, 734

Eschweiler, Prussia, 731

Espedal, Norway, 281, 294

Esperanza mine, Spain, 316, 831

Eston Nab, England, 1023, 1024

Estremadura, Spain, 451

Etha Knob, Dakota, 347

l5toile du Congo, Belgian Congo, 918

Eureka, Nevada, 214, 558, 608, 722, 765-

768

Euskirchen, Rhenish Schiefergebirge, 1184

Evans mine, Sudbury, 291

EveUnens Gliick mine, Riesengebirge, 922

Fahlun, Sweden, 160, 163, 165, 166, 188,

198, 201, 314, 525, 638, 943, 987
Falkenberg, Erzgebirge, 675

Fanestrand, Norway, 257

Fao, Norway, 312

Faroe Islands, 189, 346, 934

Fastenberg, Erzgebirge, 681

Fehzitas lode, St. Andreasberg, 688
Felsberg, Prussia, 1184

Felsobanya, Hungary, 223, 524, 536, 539,

542
Fennoscandina\'ia, 984

Feragen, Norway, 247

Fichtelgebirge, Germany, 429

Fierro, New Mexico, 374

Finland, 201, 637, 984, 987, 988, 1213

statistics, 1094
Fiumossen, Sweden, 393
Fiskefjord, Norwaj% 266

Flaad mine, Norway, 281, 286, 294, 295,

296, 297
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Flachstockheim, Germany, 1052

rioisdorf, Germany, 1185

Fluder lode, Joachimsthal, 682

Foldal, Norway, 304, 312, 963

Fontanmare, Sardinia, 750

Fortunata de las Amimas, Chili, 896

Fortunatus mine, Thuringia, 855

Fosdalen mine, Norway, 306

France, 430, 1212

statistics, 647, 648, 774, 778, 1085, 1087,

1091, 1114

Francisco mine, Spain, 828

Franconian Alb, Germany, 994-996

Frankenstein, Silesia, 66, 97, 162, 170,

191, 249, 950, 952, 954, 957-962, 964

Franklin Furnace, New Jersey, 394-396

Franklin mine, JVIichigan, 201

Franz-August lode, St. AncLreasberg, 688

Freiberg, Erzgebirge, 163, 164, 168, 169,

187, 211, 219, 423, 523, 655, 657, 658,

659, 670-676, 683, 712, 945, 966

Freihung, Bavaria, 1169, 1170, 1178

Freisach, Carintliia, 821

Fresnillo, Mexico, 529, 575, 576

Freycenet, France, 781

Friedensfiirst mine, Thuringia, 856

Friederike mine, Harz, 1016, 1017

Friedrich mine, Silesia, 727

Friedrichssegen, Rhenish Schiefergebirge,

700, 702
Froberhng system, Hohe Tauern, 631

Frodingham, England, 1027

Frohnbach valley, Baden, 945

Frood mine, Sudbury, 291

Fryer Hill, Colorado, 763

Fugger valley, Carinthia, 743

Fukuishi, JajDan, 586

Fuku-ura, Japan, 861

Funf-Biicher-Moses lode, St, Andreasberg,

688
Furness, England, 823, 825

Gaddbo, Sweden, 298
Galdames, Spain, 826, 830

Galgenberg, Germany, 845, 846

Galicia, Austria, 723, 725

GaUberg, Harz, 1083

Ganjam, India, 1110
Gannthal, Lungau Tauern, 633, 634
Gap mine, Pennsylvania, 282, 283, 293,

946

Garbham mme, India, 1110

Garden Gully series, Bendigo, 611

Garnsdorf, Thuringia, 1151

Garson mine, Sudbury, 293
Gavorrano, Tuscany, 302, 371

Gavrilovka, Russia, 485
Geddes and Bertrand mine, Nevada, 767

Gegenthal-Wittenberg series, Harz, 685
Gehrden Berg, Prussia, 1048

Geisberg mine, Carinthia, 821

Geister lode, Joachimsthal, 682
GeUivare, Sweden, 173, 197, 260, 272-276,

392
Gennamari, Sardinia, 750
Georg-Friedrich mine, Salzgitter, 1051

Geramos mine, Asia Minor, 783

Gerbstedt, Harz, 1124, 1125

German East Africa, 624, 625, 1166

German West Africa, 627, 628
Germany, 483, 984, 1012-1022, 1213

statistics, 644, 647, 648, 774, 940, 941,

1085, 1087, 1090, 1094

Gertrude muae, Sudbury, 291

Geyer, Erzgebirge, 425, 427, 429
Ghinivert, Italy, 332
Giant mine, Rhodesia, 626
Giehren, Silesia, 162, 1141

GigUo, Italy, 371

Gilham, United States, 1188, 1189
Gilpin Co., Colorado, 556, 557, 715, 875
Gippsland, Victoria, 611

Gladbach {see Berg-Gladbach)
Gladhammer, Sweden, 1136, 1140
Glasendorf, Silesia, 958
Glashiitte, Erzgebirge, 425, 670
Glehn, Germany, 1185
Gleissingerfels, Fichtelgebirge, 811

Glitrevand, Norway, 980, 984, 987, 1101
Globe dis., Arizona, 888
Gnade-Gottes lode, St. Andreasberg, 688
Gogebic, Michigan, 1062, 1063, 1070, 1071
Goldberg, Hohe Tauern, 630

Silesia, 1131

Golden Horseshoe mine. Western Australia,

38, 52, 55, 203, 593, 596
Golden Link ConsoUdated mine. Western

Australia, 593
Golden Mile, Western Australia, 593
Goldfield, Nevada, 517, 518, 524, 527, 528,

529, 530, 566-570

Gollnitz, Hungary, 806, 808
Gometschiftlik - Antemon - Maden mine,

Asia Mmor, 783
Gongo-Socco, Brazil, 619, 623, 1225
Goodrich, Tennessee, 850
Goroblagodatsk, Urals, 277, 344, 345, 360,

363-366, 1216, 1217
Goslar, Harz, 1047
Gossnitz, Hohe Tauern, 631

Gottes-Gabe mine, Kongsberg, 665
Thuringia, 856

Gottesgaben lode, Rhenish Palatinate, 483
Gottes-Hilfe-in-der-Note mine, Kongsberg

665

Goumeshevsk, Urals, 900
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Grampound, Cornwall, 436, 713

Grand Filon, France, 328

Grangesberg, Sweden, 145, 197, 276, 382,

390, 391, 392, 393, 1088, 1098

Granite dis.. United States, 1202

Graslitz, Erzgebirge, 336

Grass VaUey, California, 604, 608, 610

Graupen, Erzgebirge, 425, 427, 428, 670

Great Basin, the. United States, 374, 515,

524

Great Boulder Main Reef mine. Western

Australia, 593

Great Boulder Perseverance mine. Western

Australia, 203, 593

Great Boulder Proprietary mine, Western

Australia, 58, 59, 203, 593, 596

Great Boulder South mine. Western

Australia, 593

Great Britain, statistics, 647, 648, 774,

1085, 1087, 1090, 1094, 1114

Great Eastern mine, California, 464, 466

Great Western mine, California, 464, 466

Greece, statistics, 647, 648, 774, 1085, 1087,

1094, 1114

Greenbushes, Western Australia, 446, 1195

Greenland, 135, 154, 341, 422

Greifenstein, Erzgebirge, 425

Grey dis.. New Zealand, 1207

Griesberg, Prussia, 1173

Grizzly Flat, California, 604, 609

Grochberg, SUesia, 958

Grosmont, England, 1024

Grossalmerode, Hesse, 1151

Grosschirma, Erzgebirge, 675

Grosser Graben, Harz, 1081

Grosser Hornberg, Harz, 1082

Grosser Zoli, Lorraine, 1184

Grossfragant, Hohe Tauern, 631

Grossfiirstin Alexandra mine, Harz, 946

Gross Otavi, German South-west Africa,

913, 918

Gross Vahlberg, Germany, 1052

Grunberg, Hesse, 1000

Grund, Harz, 684, 692

Griiner lode, Hiuigary, 541

Grunten, the, Bavaria, 1021, 1022

Guadalcazar mine, Mexico, 469

Guadalupana, Mexico, 469, 470

Guanaco, Chili, 892, 896

Guanajuato, INIexico, 215, 529, 575, 577

Guchab, German South-West Africa, 913,

917

Guenes, Spain, 826, 830

Guiana, South America, statistics, 644

Guldholmen, Norway, 934

Gullesfjord, Norway, 266

Gumberg, Silesia, 958

Gumpelstadt, Thuringia, 1129

Gwennap, Cornwall, 436
Gwin mine, California, 609

Haasel, Silesia, 1131

Haberland and Goldberg system, Hohe
Tauern, 631

Habersberg fissure, Hohe Tauern, 631

Hag mine, Sweden, 383
Hagen, Westphalia, 735
Hainault mine. Western Australia, 593
Haiti, West Indies, 875
Halvcdal, Norway, 355
Hakonsboda, Sweden, 1136, 1140
Halberstadt, Harz, 1047

Halsbriicke, Erzgebirge, 674, 675
Hamidie, Thasos, 756
Hammerberg, Prussia, 732
Hampshire, United States, 447
Hannans Brownhill mine. Western Aus-

tralia, 593

Hannans Oroya mine. Western Australia,

593
Hannans Star mine. Western Australia,

593
Hansa mine, Harz, 1016

Hauta, Japan, 782
Harstigen, Sweden, 388
Hartenberg, Harz, 1081

Harz, the, Germany, 164, 223, 683-692,

1078-1084

Harzburg, Harz, 1016, 1019, 1048, 1052
Hata, Japan, 586

Hate series, Bohemia, 706
Hatfjeldalen, Norway, 876

Hauraki, New Zealand, 219, 515, 520, 589
Heft, Carinthia, 822
Heidelberg dis., Witwatersrand, 1158
Heinberg, Wesergebirge, 1015

Heindalen, Norway, 269

Heistartburg, Germany, 1185

Helczmanocz, Hungar}', 806

Helleringen, Lorraine, 1184

Helmstedt, Germany, 1017, 1018

Hemagiri Hill, India, 1212

Herapel, Lorraine, 1184
Herberton, Queensland, 167, 421, 448, 449,

870, 878, 1195

Herman's Gliick lode, Silesia, 599
Herrang, Sweden, 392
Herrerias, Spain, 550

HerrnstoUn system, Hohe Tauern, 631

Herzgovina, Bosnia, 249, 1094

Hessel dis., Baden, 738

Hestmando, Norway, 244, 245
Hettstedt, Harz, 1124, 1125

Hickory Nut seam, Pennsylvania, 1030
Hilbersdorf, Erzgebirge, 675

Hildebrand lode, Joachimsthal, 682
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Hilfe-Gottes mine, Nassau, 948

Himinelfahit mine, Freiberg, 674, 676, 870,

945

Hindo, Norway, 266

Hiraclo, Japan, 487
Hisanichi, Japan, 897

Hiso, Norway, 665
Hodritz, Hungary, 516
Hoffnung lode, Telemarken, 901

Hoffnungs mine, Thuringia, 855
Hogborn mine, Sweden, 383
Hohe-Birke-Stehende lode, Freiberg, 674
Hohe - Buchen, Rhenish Schiefergebirge,

700
Hohenelbe, Bohemia, 1131

Hohe Tauern, the, Germany, 630-632

Hohe V^enn, Prussia, 731

Hoiaas, Norway, 281, 294
Hoidal mine, Norway, 311

Hokkaido, Japan, 861

Holland, 984
statistics, 774, 1094

HoUfeld, Franconian Alb, 994-996

HoUgarten mine, Taunus, 866
Hollopatak, Carjiathians, 948
Holm mine, Sweden, 383
Holzappel, Rhenish Schiefergebirge, 696-

699

Holzberg, Harz, 1083
Holzhau, Erzgebirge, 675
Homestake, Dakota, 1167-1169

Hopunvaara, Finland, 407
Horkopf mine, Taunus, 866

' Horn Silver dis., Utah, 558
Horovik, Bohemia, 482
Horten, Norway, 189

Hoshino, Japan, 586
Houghton, Lake SuiDcrior, 930
Hualgayoc, Peru, 579, 580
Huallanca, Peru, 579
Huancavelica, Peru, 204, 460, 461, 470
Huanchaca, Bolivia, 579, 581, 584
Huanuhi, Peru, 581

Huayua-Potosi, Peru, 581, 584
Huelva, Spain, 108. 199, 303, 880, 882, 943,

1112

Huggel, the, Westphaha, 813, 817, 841-

845

Huitzuco, Mexico, 457, 469, 470
Hungary, 523, 524, 534-547

statistics, 644, 647, 648, 774, 940, 942,

1085, 1087, 1089, 1094, 1097

Hussab, German West Africa, 627
Hussdorf, Silesia, 218, 636
Hustler series, Bendigo, 611

Hiittenberg, Carinthia, 820-822

Hiittenholz mine, Thuringia, 856
Huttenrode, Harz, 1081-1084

Iberg, Harz, 839-841

Iceland, 487

Icliinokawa, Japan, 782

Ida seam, Pennsylvania, 1030

Idaho, United States, 447, 524, 558

statistics, 554, 556

Idaho mine, California, 608
Idkerberg, Sweden, 392

Idria, Carniola, 204, 457, 458, 462, 463,

475, 479-482

Iglesias, Sardinia, 749, 750

Iglo, Hungary, 482

Ikopa, Madagascar, 1212

Ikuno mine, Japan, 588
Ildekansk, Siberia, 485
Ilfeld, Harz, 169, 212, 684, 857-859

lUalayua, Bolivia, 584

Illinois, United States, 769, 770
Ilmenau, Thuringia, 188

H Pozzetto, Tuscany, 472
^

Ilsede, Hanover, 1047

Immekeppel, Berg dis., 693

Imsbach, Rhenish Palatinate, 875

Inangahua, New Zealand, 1207

In-der-Pinge mine, Silesia, 636

India, 1212
statistics, 1085

Indian Territory, United States, 769

Ingustosa, Sardinia, 750
Innai, Japan, 588
Inocencia mine, Spain, 831

Iowa, United States, 769

Ipanema, Brazil, 259

Iramba Plateau, German East Africa,

625

Irondale seam, Pennsylvania, 1030

Iron Hill, Colorado, 763

Iron Mountain, Missouri, 374
Irvindi, Asia Minor, 783
Iserlohn, Westphalia, 722, 734-736

Isernhagen, Hanover, 1048

Isle Royale, Lake Superior, 932
Italy, 458, 460

statistics, 463, 647, 648, 744, 940, 941,

942, 1085, 1087, 1094, 1114
Iturrigorri, Spain, 828
Ivanhoe mine. Western Australia, 53, 203,

593, 594, 596
I\ngtut, Greenland, 347, 450
Iwaki, Japan, 588
Iwami, Japan, 588

Jackson Co., Oregon, 341

Jackson Hill fault, Nevada, 677

Jacupu-ango, Brazil, 259
Jakobeny, Bukovina, 1112

Jakobsberg, Sweden, 388
Jakobsgliick lode, St. Andreasberg, 688
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Japan, 200, 201, 458, 515, 523, 524, 526,

585-588, 782, 859-862, 877, 879, 896-

898
statistics, 644, 647, 648, 774, 778, 940,

941, 1085, 1114

Jerome dis., Arizona, 888

Joachirasthal, Erzgebirge, 423, 681, 711,

712, 713-715, 716

Johann lode, Hungary, 541

Johanngeorgenstadt, Erzgebirge, 219, 425,

677, 681, 683, 811

Johanni lode, Bohemia, 707

Joplin, Missouri, 770, 771

Jorcndal, Norway, 266

Josephi lode, Roudny, 635

Josephine Co., Oregon, 341

Josej^hy property, Idria, 480
Joshioka, Japan, 897

Jost -Christian mine, Harz, 779

Juan goldfield, Colorado, 557

Jubilee Hill, Transvaal, 638

Judith mountains, Montana, 523

Juhana lode, Kupferberg, 403

Julian lode, St., Anclreasberg, 688

Jumilla, Spain, 347, 452
Junge-Hohe-Birke lode, Freiberg, 870

Juwashiro, Japan, 588

Kaga, Japan, 588

Kago, Japan, 588

Kahlberg, Germany, 1014, 1019

Kajanel, Transylvania, 524

Kalgoorlic, Western Australia, 203, 591-

593, 596, 597

Kaljord, Norway, 253

Kamaresa, Greece, 746, 748

Kanien, No. 2, Serbia, 484

Kamlooks, British Columbia, 374

Kamnig, Silesia, 1151

Kamsdorf, Thuringia, 212, 816, 817. 835-

837, 907

Kanagase and Tasei mine, Japan, 588
Kano, Japan, 782

Kansas, United States, 769, 770, 771

Kanwa, Belgian Congo, 1212

Kapnik, Hungary, 523, 524, 536, 539, 542

Kara Bournu mine, Asia IMinor, 486

Karaliissar, Asia Minor, 783

Karangahke dis., New Zealand, 590
Karasjok, Norway, 1213

Kaschau, Hmigary, 536

Kaschgar, Russian Turkestan, 1211

Katanga, Belgian Congo, 880, 918-920

Katharinaberg, Erzgebirge, 873

Katroncza, Hungary, 640

Katschkanar, Urals, 345, 360

Kearsage mine. Lake Superior, 201

Kedabek, Caucasus, 200, 878, 900

Kehltal fault, Thuringia, 856, 857
Kelchalpe, the, Tyrol, 906, 907

Kellersberg, Rhenish Schiefergebirge, 700

Kemenica, Bosnia, 876

KeniiMi, Asia IMinor, 249

Kennedy mine, Cahfornia, 609

Kentuekv, United States, 770
Kerbi, R., Siberia, 1210

Kern Co., California, 449

Keweenaw Peninsula, Lake Superior, 929

Kiirunavaara, Sweden, 14, 173, 196, 207,

260, 270-272, 274-276, 392, 1092

Kilhngdal, Norway, 304, 308
Kilo, Belgian Congo, 1212

Kirchberg, Erzgebirge, 680

Kirchgang fissure, Hohe Tauern. 631

Kirchheimbolanden, Rhenish Palatinate,

483
Kirghiz Steppes, Russia, 901

Kirk mine, Colorado, 716
Kirkwood mine, Sudbury, 291

Kim, Westphalia, 1151

Kitteln, Sweden, 388
Kitzbuhel, Tyrol, 906, 945, 949

Kjenner, Norway, 355
Kjoli, Norsvay, 304
Klacka-Lerberg, Sweden, 393
Klackberg, Sweden, 383
Klara lode, Transj-lvania, 547

Klefva, Sweden, 285, 297, 965
Klein Namaqualand, South Africa, 300,

943
Klein Otavi, German South-West Africa,

913, 918
Klein Schmalkalden, Thuringia, 854

Klettgau, the, Germany, 998
Klinge, the, Thuringia, 837-839

Klingenthal, Erzgebirge, 336
Klodeberg mine, Norway, 376
Kloppberg, Rheinhessen, 994
Klovereid, Norway, 902
Kjiaben mine, Norway, 449, 901

Knappenberg, Carinthia, 822
Knisib Valley, German South-West Africa,

873
KnoUen mine, Harz, 811

Knoxville dis., CaUfomia, 464
Kobelsberg, Baden, 737, 738
Kodur mine, India, 1110

Koiji, Japan, 861

Kolar, India, 1212

Kolningberg, Sweden, 383
Kommem. See Commem
Kongens mine, Norway, 663, 664, 665, 666

Kongsberg, Norway, 47, 131, 132, 140, 164,

169, 202, 219,'340, 462, 517, 523, 655,

657, 658, 659, 660-666, 669, 966, 1134

Koniah mine, Asia Minor, 486
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Konjhar, India, 1212

Kons. Schlossberg and Dachsbau mine,

Taunus, 866

Koijpern, Taunus, 864, 866

Kordelio mine, Asia Minor, 783

Korea, Asia, 644, 1210

Kosaka, Japan, 897

Kosemitz, SUesia, 958
Koskulls Kulle, Sweden, 392

Kotschkar, Siberia, 1207

Kotterbach, Hungary, 806

Kragero, Noi-way, 277, 278

Krappitz, Silesia, 723
Kraubat, Styria, 244, 249

Kremnitz, Hungary, 182, 524, 526, 527,

535, 536, 539-542

Kresevo, Bosnia, 872
Kressenberg, Bavaria, 1021

Kreuth, Carinthia, 743, 744

Kfitz, Bohemia, 780
Kriwoj Rog, Russia, 1055, 1058-1060, 1088,

1096

Krompach, Hungary, 806
Kroutoi, Siberia, 1209

Krug-von-Nidda mine, Westphalia, 735

Kuen-Lun moimtains, Tibet, 1211

Kufferath, C4erniany, 1185
Kumara, New Zealand, 1207

Kupferberg, Silesia, 37, 239, 350, 402-404,

922

Kupferplatte, the, TjtoI, 906, 907

Kuso, Sweden, 298
Kutais, Russici, 1100, 1101, 1104-1106

Kuttenberg, Bohemia, 659

Kwei Chan, China, 486

La Buena mine. Spam, 833
La Carolina, Spain, 709, 711

La Creu, Spain, 478, 479
La Cruz lode, Spain, 710
Lady Macdonald mine, Sudbury, 291

Lady Violet mine, Sudbury, 291

Lafayette, Brazil, 1109

La France, South Africa, 625
La Higuera mine. Chili, 892, 896

Lahn dis., Prussia, 1072-1078, 1089

Lake Superior, United States, 163, 170,

188, 198, 201, 346, 398, 877, 878, 928-

937, 979, 1055, 1062-1071, 1088, 1092,

1096

Lake View mine, Western AustraUa, 203,

593
La Licoulne, France, 781

Lam, Bavaria, 340
Lampun, Siam, 1196

Lancashire, England, 161, 1088, 1097

Lancaster Gap mine, Pennsylvania (see also

Gap mine), 946

Land of the Thousand Lakes, United States,

984
Langban, Sweden, 140, 382, 387, 389, 390,

966
Langeland, Prussia, 1013, 1019

Langerfeld, Westphalia, 736

Langesundfjord, Norway, 389

Lango, Norway, 378

Lang-Suan, Siam, 1196

Langvand, Norway, 901

La Peiia, Spain, 316

Lapilla, Spain, 316

Las Caberas, Spam, 449
Las Prolongas lode, Spain, 711

La Touche, Spain, 659

Laubach, Hesse, 1000

Laurion, Greece, 145, 722, 728, 746-749

Lauterberg, Harz, 811, 870
Lauthenthal, Harz, 684, 686

La Villeder, France, 430
La Zarza, Spain, 316

Leadville, Colorado, 722, 760-765

Leavenworth Gulch, Colorado, 716

Lebong Soelit, Sumatra, 83, 589

Legrana, Greece, 746, 748

Lehi'bach, Harz, 166

Lejana mine, Spain, 833

Lena dis., Siberia, 1208

Lengede, Hanover, 1046, 1047, 1048

Leo lode, Salzburg, 949

Leonovsky, Siberia, 1210

Leopoldine mine, Rhenish Schiefergebirge,

698

Letmathe, Westphalia, 735

Leubetha, Erzgebirge, 809

Leveanienii, Sweden, 270, 274

Leversbach, Germany, 1184

Le\T[ns lode, Mississippi, 769

Lich, Hesse, 1000

LideU, California, 465

Linares, Spain, 659, 709-711

Lincoln, England, 1027, 1088

Lindal Moor, England, 824, 825

Lindener Mark, Hesse, 161, 815, 862, 863,

867-869

Lintorf main lode, Westphalia, 704

Liruen-Kano, Nigeria, 1196

Little Bendigo, Western Austraha, 614

Little Stobie mine, Sudbury, 291

Llallagua, Peru, 581

Llano County, Texas, 875

Loben, Carinthia, 821

Lobenstein, Erzgebirge, 809

Lochborn bed, Bieber, 845

Lodenblek, Harz, 1083

Lofoten Islands, 173, 253, 260, 266-269,

276
Logrosan, Portugal, 451
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1238 OEE-DEPOSITS

Lohmaiinsfeld niine, Siegerland, 800
Lokkeu mine, Norwaj% 310, 311

Lolling, Carinthia, 821, 822
Lomberget, Sweden, 382
Loutzen mine, Prussia, 732, 734
Lorraine, 197, 1001, 1003-1012, 1088, 1151,

1184

Los, Sweden, 1136, 1137, 1140
Los Jarales, Spain, 299
Lossnitz, Saxony, 483
Louise mine, Siegerland, 350
Louisental, Thuringia, 857
Louzal, Portugal, 1134

Lovoen, Norway, 934
Luderich mine. Berg dis., 693, 695, 696
Luise mine, Rhenish Schiefergebirge, 698
Lulla, Sardinia, 749
Lundorren, Sweden, 281, 298
Lungau Tauern, Germany, 632-634

Luossavaara, Sweden, 14, 196, 260, 271, 392
Lupikko, Finland, 407
Luthersteufe mine, Thuringia, 856
Liitsche, the, Thuringia, 854
Liittich, Prussia, 731

Luxemburg, 197, 1001, 1003-1012, 1088,

1094
Lydenburg, Transvaal, 638-640

Lyngrot, Norway, 260, 261

Lyon County, Nevada, 374

Macshamezo, Transylvania, 1111

Mada, Nigeria, 1196
Madagascar, Africa, 964, 1212

Madmoderen, Norway, 266
Magnitnaia Gora, Urals, 366-369

MahaJamba, Madagascar, 1212
Maidanpek, Serbia, 359
Maine, United States, 447
Main lode, Roudny, 635
Main Reef, Witwatersrand, 1155
Main Reef Leader, Witwatersrand, 1155
Main Reef series, Witwatersrand, 1155,

1158
Main seam, Cleveland, 1023
Makri, Asia Minor, 248, 249
Malacalzetta, Sardinia, 750, 752, 756
Malaga, Spain, 97, 191, 950
Mala Stena, Serbia, 484
Malay Peninsula, 437-444, 1193
Malberg, Rhenish Schiefergebirge, 700
Malbosc, France, 782
Malfidano, Sardinia, 750, 754, 756
Malo, Norway, 294
Mananbulo, Madagascar, 1212

Mancaj'an, Phihppines, 871

Manchuria, 1210
Mannie, Tennessee, 850
Manor House, England, 823

Mansfeld, Harz, 163, 198, 201, 649, 1116,

1121-1127

Maradlwand, Lungau Tauern, 633

Marao Angueira, Portugal, 430
Mardorf, Niederhessen, 992
Maremma Grossetana, Tuscany, 474
Maria-Forderung lode, Altenberg, 599
Maria mine, Silesia, 728

Spain, 833
Marienberg, Erzgebirge, 425, 677, 679,

683
Marinera, Spam, 431

Markirch, Alsace, 945

Markoldendorf, Germany, 1014

Marlou, Thasos, 758, 759
Marquette, United States, 1056, 1062, 1063,

1069, 1070, 1071

Marta and Capela mine, Spain, 833

Marvao, Portugal, 451

Maryborough, Victoria, 611

Mascara, Bosnia, 872
Mashonaland, South Africa, 626
Massa Marittima, Tuscany, 371, 878, 879,

909-912

Matabeleland, South Africa, 626

Matamoros, Spain, 826, 830

Matilde mine, Gahcia, 725

Matsuoka, Japan, 586

Matto Grosso, Brazil, 1225

Max lode. Berg dis., 695

Mazarron, Spain, 517, 518, 523, 526, 528,

530, 547-550, 650

Mechernich, Prussia, 1169, 1170, 1172-

1178

Mednorudiansk, Urals, 360, 880, 900
Meggen, Westphalia, 301, 924-928

Meigern, Switzerland, 963
Meinkjar mine, Noi-way, 288, 292, 294,

296

Meldalen, Norway, 304, 311, 312

Menominee, United States, 1062, 1063, 1070

Meraker, Norway, 165, 304
IMerccEur, France, 782
Merkur, Rhenish Schiefergebirge, 700, 702

Mertanien, Sweden, 270, 273, 274
Mem, Malay Peninsula, 441

Mesabi, United States, 1062, 1063, 1069,

1070, 1071

Metamorphosis, Thasos, 758
Metropolitan mine, Victoria, 615
Meurthe - et - Moselle, France, 197, 1001,

1003-1012, 1088

Mexico, 202, 215, 218, 447, 458, 461, 462,

469, 515, 523, 524, 527, 528, 529, 530,

552, 571-577, 875, 890, 943

statistics, 463, 554, 644, 647, 648, 774,

940, 942

Miask, Urals, 485

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Micliigan, United States, 556, 872

Micliipicoten, Canada, 1062

Middle Reef, Witwatersrand, 1155

jMiechowitz, Silesia, 723, 725

Mieres, Spain, 478

Miguel Burnier, Brazil, 1100, 1102, 1109

Mikultschiitz, Silesia, 723

Mileschau, Bohemia, 780

Milium, Bolivia, 581, 584

Milos, Greece, 1107

Mina Blanca, Atacama, 947

Minas Geraes, Brazil, 342, 617-624, 1045,

1055, 1060-1062, 1092, 1109, 1225

Mine Hill, New Jersey, 394

Mine la Motte, Missouri, 770, 946

Mineral Creek, Arizona, 888

Minna mine, Westphalia, 1130, 1131

Minne, Norway, 451

Mino, Jajjan, 588

Miranda, Portugal, 1195

Miravilla mine, Spain, 828

Misdroy, German}^, 1150

Mississippi, United States, 768-771

Missouri, United States, 140, 556, 768-771

Misvartal, Norway, 294

Jlitchell lode, Rhodesia, 627

Mittelberg, Thuringia, 854

Mitterberg, Salzburg, 788, 879, 903, 904-

906, 945, 949

Mizusawa, Japan, 897

Modum, Norway, 162, 206, 947, 949, 1136,

1137-1140

Mohawk mine, Lake Superior, 932

Moldava, Hungary, 356, 359

Momrael, the, Thuringia, 817, 837-839

Moncanita, California, 461

Monchenberg, Harz, 859

Montana, United States, 447, 523, 530,

558
statistics, 554, 556

Montaro, Spain, 431

Monte Amiata, Tuscany, 458, 461, 471-474,

909

Monte Axpe, Spain, 828

Monte Blanco, Peru, 581, 584

Montebras, France, 430, 451

Montebuono, Tuscany, 472

Monte Catini, Tuscany, 300, 876, 877, 879,

880, 909

Monte Christo series, Victoria, 614

Monte Ch-uvin, Italy, 949

Monte-Cucchedu lode, Sardinia, 752

Monte Pumacchio, Tuscany, 410

Montel, France, 782

Monte Mulatto, Tyrol, 873

Monte Nova lode, Sardinia, 752

Monteponi, Sardinia, 728, 750, 753, 756

Monterey, Portugal, 430

Monte Rosa, Italy, 280, 281, 298
Monte Rotondo, Tuscany, 909
Montesinhos, Portugal, 430
Monte Somma, Italy, 350, 389

Montesund Avion hills, Portugal, 430
Monte Valerio, Tuscany, 410

Montevecchio, Sardinia, 750-752, 756, 910
Monte Vitozzo, Tuscany, 472

Monthon Chumpon, Siam, 1196

Montieri, Tuscany, 910
Montignat, France, 781

Moonta, Australia, 200, 871, 874, 877, 879,

880, 882, 898

Moravicza, Hungarj', 357

Moresnet, Prussia, 731, 733

Morgen lode, Kupferberg, 403
jMorgenrot lode, St. Andreasberg, 688

Morococha, Peru, 579, 581, 871

Morro Santa Anna mine, Brazil, 617

fliorro Vellio, Brazil, 618, 622

MoscheUandsberg, Italy, 457, 458, 463,

483
Moschwig, Prussia, 1151

Moskedal mine, Norway, 309
Mosquito range, Colorado, 760

Moss, Norway, 189

Mother lode, California, 69,' 601, 604, 608,

609, 610
Mottram St. Andrews, England, 1185

Mount Bischoff, Tasmania, 217, 444-446

Mount Blezard, Sudbury, 291

Mount Dere, New Caledonia, 249

Mount Dun, New Zealand, 244

Mount LyeU, Tasmania, 877, 899, 943

Mount Morgan, Queensland, 138, 640-643

Mount Tagora, Borneo, 487

Miicke, Harz, 1000

Muczari, Transylvania, 524, 546

Mug mine, Norway, 305, 310

Miihlberg, Silesia, 958
Miihlenweg, Harz, 1083
Miinstergewand fault, Aachen, 732

Murcia, Spain, 452, 1089

Murray mine, Sudbury, 283, 291

Miisen, Siegerland, 7, 796
Mutsu, Japan, 860, 861

Miitzhagen mine, Belgium, 733, 734
filyslowitz, Silesia, 725

Nagamatsu, Japan, 897

Nagorny, Siberia, 1210

Nagyag, Hungary, 168, 182, 219, 523, 524,

530, 539, 543-546

Nagybanya, Hungary, 165, 524, 536, 539,

542

Nakagawa, Japan, 782
Nakase, Japan, 782
Nammem-KIippen bed, Wesergebirge, 1021
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Naples, Italy, 1053
Narke, Sweden, 1143

Naskilen, Norway, 378
Nasmark, Norway, 902
Nassau, Germany, 814, 817, 948
Naverhaugen, Norway, 1056

Nebida mine, Sardinia, 750, 753, 756

Nebula, Africa, 1212

Negri SembLIan, Malay Peninsula, 443
Neudorf, Harz mine, 423, 866, 870
Neue Haardt, Siegerland, 798

Neue Helena mine, Silesia, 727, 728
Neue Hoffnung-Gottes lode, Freiberg, 674

Neufang flucan, St. Andreasberg, 687, 688

Neu Moldava, Hungary, 357, 359
Neustadel, Erzgebirge, 680
Neustadt, Bavaria, 483
Nevada, United States, 151, 517, 518, 524,

525, 526, 529, 558, 765-768

statistics, 554, 556
Nevada city, California, 604, 608

New Almaden, California, 204, 462, 464,

466, 468
New Annan, Nova Scotia, 1132
New Caledonia, 66, 162, 168, 170, 191, 205,

206, 249, 292, 950, 952, 953, 954-957

New Chum Railway mine, Victoria, 613
New Chum series, Victoria, 611

New Clewer Estate, Transvaal, 638
Newfoundland, statistics, 940
New Granada, statistics. South America,

644

New Guinea, 346

New Idria, California, 464, 467
New Mexico, United States, statistics, 554,

556

New South Wales, Austraha, 200, 215, 346,

444, 446, 449, 611, 875, 1195, 1204,

1205

New York, United States, 1029

New Zealand, 151, 249, 340, 343, 444, 457,

458, 461, 487, 515, 520, 524, 589, 1053,

1206

statistics, 1114

Nickolai-Pawdinsk, Urals, 344, 1216

Nicopol, Eussia, 197, 1101, 1104-1106

Nieder-Dreisbach, Siegerland, 800
Niederohmen, Hesse, 1000
Nicderpobel, Erzgebirge, 429
Niederseifenbach, Erzgebirge, 675
Nigel dis., Witwatersrand, 1158
Nigeria, Africa, 1196

Nijni, Siberia, 1209

Nikitovka, Russia, 458, 460, 462, 485
Ningo, Nigeria, 1196

Ninkada, Nigeria, 1196

Nipon, Japan, 896

Nischni Tagilsk, Urals, 249, 344, 360, 1216

Nissedal, Norway, 276, 452
Nollendorf, Erzgebirge, 670
Nonaas, Norway, 281, 294
Norberg, Sweden, 160, 276, 382, 392, 393
Norbotten, Sweden, 269-276, 391, 1088,

1092, 1097

Nordmarken, Sweden, 382, 385, 389, 390,

393

North America, 523, 524, 527
statistics, 554

Northampton, England, 1025-1027, 1088,

1091

North Boulder mine. Western Australia,

593

North Carolina, United States, 249, 447
North KalgurU mine. Western Australia,

593
North Reef, Witwatersrand, 1155

North Staffordshire coalfield, England, 1036
North Star mine, California, 608

Sudbury, 291

Northumberland and Durham coalfield,

England, 1036

North-AVest Territory, North America,

statistics, 554

Norway, 103, 135, 154, 160, 163, 194, 205,

247, 249, 251-257, 260-269, 280, 281,

282, 283, 284, 285, 288, 289, 294-297,

302, 304-314, 452-455, 517, 637, 711,

712, 965, 980, 984

statistics, 647, 648, 940, 941, 942, 1085,

1094

Nossen, Erzgebirge, 670, 674

Nothen, Germany, 1185

Noto. Japan, 860, 861

Nova Scotia, North America, statistics, 554

Nucitz, Bohemia, 1040-1042, 1089
Nussloch, Baden, 737

Nuttlar, Prussia, 1187, 1188

Nysten, Norway, 294, 296

Oat Hill, California, 465
Oberharz, Germany, 350, 683-692, 946,

1078-1080

Oberhof, Thuringia, 854, 856
Oberhomburg, Lorraine, 1184

Oberlahnstein, Rhenish Schiefergebirge,

700
Oberreinsberg, Erzgebirge, 670

Oberrossbach, Taunus, 161, 864

Oberschlema, Erzgebirge, 680, 870

Oberwiesental, Erzgebirge, 677, 680

Ochtrup, Westphalia, 1037-1039

Odegaarden, Norway, 175, 453, 454

Odenwald, Germany, 863

Oder, the, Germany, 723, 725

Oederan, Erzgebirge, 670, 674, 675

Oehrenstock, Thuringia, 854, 856
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Oese], Germany, 1052

Oestergotland, Sweden, 298
Offenbanya, Hungary, 359, 526, 530, 543

Ofoten, Norway, 1056

Ogliastre, Sardinia, 749

Ogoya, Japan, 897
Ojancos, Chili, 892, 896

Okandeland, West Africa, 1055
Oker, Harz, 1047

O'kiep, South Africa, 300
Oksfjord, Norway, 266

Okuchi, Japan, 588
Oldershausen, Germany, 1014, 1015

Olekma dis., Siberia, 1*208

Olkusz, Russia, 723, 725
Ollargan mine, Spain, 828
Oloncz, Russia, 988
Olsa mine, Carinthia, 821

Omodani, Japan, 897

Oneida mine, California, 609

Ontario, United States, statistics, 554

Oporto, Portugal, 783
Oravicza, Hungary, 356, 357, 359
Oregon, United States, 558, 952, 1202, 1223

statistics, 554, 556
Orense, Spain, 430, 431

Ormberget, Sweden, 382, 393
Ornevand, Norway, 264

Orsova, the Banat, 249

Oruro, Bolivia, 184, 215, 219, 528, 581, 583
Osarusawa, Japan, 897

Osceola mine, Michigan, 201, 932
Oshima, Japan, 861

Oskar mine, Westphalia, 1130, 1131

Osterwiek, Harz, 1052

Otago, New Zealand, 1207

Otani, Japan, 588

Otavi, German South-West Africa, 879,

909, 912-918

Ottenstein, Westphalia, 1037-1039

Ouro Preto, Brazil, 617-619

Overberget, Norway, 663, 666

Owani, Japan, 861

Pachuca, Mexico, 517, 529, 575, 576, 577

Pachys, Thasos, 758

Pahang, Malay Peninsula, 440, 443

Pajsberg, Sweden, 388

Palestro, 487

Pal Lahara, India, 1212

Palomas, Mexico, 470
Panasquiera, Portugal, 448
Paposo, Chili, 896

Parada, Portugal, 430
Paringa Cons, mine. Western Australia, 593
Parkside, England, 824

Parkville, Oregon, 1202

Parral, Mexico, 575

Pasco, Peru, 215
Passagem, Brazil, 617, 619-621

Patino, Bolivia, 584
Peak Downs dis., Queensland, 1168

Pecten seam, Cleveland, 1023

Peine, Hanover, 14, 1046-1049, 1089

Pennsylvania, United States, 280, 1030

Penny Duncan, Bolivia, 584

Penokee, Wisconsin, 1062, 1063

Penuta, Spain, 430
Perak, Malay Peninsula, 441, 443

Perdixeddosu, Sardinia, 750

Pergaros, Thasos, 758

Perm, Russia, 200

Persberg, Sweden, 197, 276, 353, 382, 383,

385, 390, 391, 392, 393, 394, 966, 1054,

1097

Persia, 458, 461

Peru, South America, 215, 218, 458, 462,

470, 515, 527, 530, 943

statistics, 644, 647, 648, 940, 941, 942

Peterszeche, Siegerland, 800

Pfalzburg, Lorraine, 1184

Philippeville, Algeria, 487

Philii^pines, the, 515

Phoenix mine. Lake Superior, 930

Piedmont, Italy, 280, 298, 301, 341

Pierrefitte, Pyrenees, 163

Pigg's Peak, South Africa, 626

Pike's Peak, Colorado, 451

Pilbara, Western Australia, 1195

Pinar, Spain, 550
Pingen mine, Thuringia, 856

Pinto R., Colombia, 342

Pira-Roma, Sardinia, 755

Pirika mine, Japan, 861

Pitkaranta, Finland, 180, 352, 391, 405-

407, 416, 422, 1097

Plaka Pass, Greece, 746, 748

Planu-Dentis, Sardinia, 755

Planu-Sartu, Sardinia, 754

Plateau Central, France, 430, 780-782

Flatten, Erzgebirge, 425, 811

Poderosa, Spain, 316

Poggio Guardione, Tuscany, 911

Pollux mine. Berg dis., 693

Pontevedra, Portugal, 430, 431

Pontigbaud, France, 515, 517, 550
Popoyan, Colombia, 1220

Porco, Peru, 581

Poropets, Japan, 586, 588

Portage Lake, Lake Superior, 929, 936

Portalcgre, Portugal, 451

Portugal, 430, 479, 1194

statistics, 647, 648, 940, 941, 1094, 1114

Pot mine, German West Africa, 627

Potosi, BoUvia, 184, 202, 215, 219, 518, 528,

529, 579, 581, 584
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Potrillas, Mexico, 447

Potzberg, Rhenish Palatinate, 483

Powder Mountain, Thasos, 756
Prakendorf, Hungary, 806

Prester mine, Aachen, 732
Pi-ibram, Bohemia, 164, 657, 659, 704-709

Price and Da-vaes mine, Nevada, 767

Pficov, Bohemia, 779
Primitiva mine, Spain, 828, 830

Prinz Maximihen lode, St. Andreasberg,

688, 690

Pi-ogresso mine, Brazil, 449
Prospect Mountain, Nevada, 767

Providence mine, California, 608

Pulacayo, Peru, 581

Pyrenees, the, 169, 213

Quebec, Canada, 1203, 1223

statistics, 554

Queensland, Australia, 346, 444, 446, 449,

611, 640-643, 1195

Querbach, Silesia, 162, 1141

Quincy mine. Lake Superior, 201, 932, 933

Quintus-Hestekletten mine, Norway, 309

Raasay, Scotland, 1025

Raibl, Carinthia, 728, 739, 741

Ramalhoso, Portugal, 431

Rambler mine, Wyoming, 344

Rammelsberg, Harz, 20, 163, 166, 212, 301,

1144-1150

Ramsbeck, Rhenish Schiefergebirge, 702

Raposos, Brazil, 621

Rathausberg, Hohe Tauern, 631

Raubschloss, Thuringia, 857

Rauris, the, Hohe Tauern, 630, 631

Real del Monte, Mexico, 576
Rebelj, Serbia, 876

Rebota valley, Transvaal, 949

Redding Quadrangle, California, 374

Redington, California, 461, 465
Redjang Lebong, Sumatra, 83, 135, 524,

525, 589

Red ]\Iountain Basin, Colorado, 643

Redruth, Cornwall, 436

Regato, Spain, 826

Rehoboth, German West Africa, 627

Reichenstein, Silesia, 404
Reicher Trost mine, Reichenstein, 404

Reichmannsdorf, Silesia, 1151

Remez, Hungary, 359

Reunion, 1053

Revda, Urals, 950, 952, 954, 964

Rezbanj^a, Hungary, 359
Rheinhessen, Germany, 993
Rhenish Palatinate, Germany, 460, 483
Rhenish Schiefergebirge, Germanv, 164,

210, 656, 693-704, 1188

Rhodesia, South Africa, 625, 626, 1196

Richmond R., Austraha, 346
Rico Mountains, Colorado, 524, 557

Riddles, Oregon, 153, 950, 952, 954, 962
Riechelsdorf, Hesse, 162, 163, 206, 948,

1116, 1129

Riestedt, Thuringia, 1151

Rietfontein, South Africa, 1154

Rikuchu, Japan, 588

Rimbari hills, Greece, 748

Rmgerike, Norwav, 285, 294, 295, 312,

1121, 1134

Rio, Elba, 370

Rio Abeate, British Columbia, 342

Rio Albano, Elba, 370, 371

Rio Tinto, Spain, 62, 108, 160, 166, 199,200,

201, 211, 302, 303, 315-327, 987, 1134

Riparbella, Tuscany, 876
Robinson dis., Nevada, 874
Robinson mine, Witwatersrand, 1158

Rocca San Silvestro, Tuscany, 410
Rocklum, Germany, 1052

Rocky Bar mine, Idaho, 558, 608
Rocky Mountains, North America, 145,218,

515
Rodderup Fell, England, 823
Rodhammeren, Norwaj', 248
Rodsand, Norway, 257, 269, 1097

Rodtjern, Norway, 248

Rohnau, Silesia, 922, 1150

Romilo, Spain, 430
Romsaas, Norway, 281, 294
Roros, Norwav, 160, 163, 165, 173, 198, 201,

247, 304,^312, 313

Rosario mine, ChiU, 896

Rosedale, Cleveland, 1024

Roseland, Virginia, 277, 278

Rosenstiel lode, Kupferberg, 403
Rostoken, Hungary', 806, 808

I Rostvangan, Norway, 304

Rote Bergen, Westphalia, 736, 927

Rotegrube-Stehende lode, Erzgebirge, 674

Rothenzechau, Riesengebirge, 922, 923

Rott, Germany, 1151

Rottis, Hungary, 809

Rottorf, GermaV, 1017, 1019

Roudny, Bohemia, 601, 634-636

Routivare, Sweden, 173, 253, 256, 258
Rowno, WolhjTiien, 342

Rubia mine, Spain, 833
Ruby HUl, Nevada, 767

Ruda, Sweden, 298
Transylvania, 524, 546

Rumpelsberg, Thuringia, 854, 855
Russelville, Tennessee, 850
Russia, 485

statistics, 463, 644, 647, 648, 774, 940,

941, 1085, 1087, 1091, 1094, 1114
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Russia-Siberia, 900
Russian Turliestan, 1211

Ruyff, Belgium, 733

Sadisdorf, Erzgebirge, 449
Sado, Japan, 588
Safo mine, Spain, 833
Sagron, Italy, 474
Sain Bel, France, 302, 304, 327-330, 943
St. Agnes, Cornwall, 436
St. Andreasberg, Harz, 164, 187, 210, 655,

657, 658, 659, 687-692, 811, 946
St. Andreas mine, Sicgerland, 798
St. Antoine, France, 328
St. AuBteU, Cornwall, 436
St. Avoid, Prussia, 1169, 1184

St. Barbara, Prussia, 1184
St. Blaeien, Black Fore-st, 298
St. Christoijli mine, Erzgebirge, 408
St. Elena, Spain, 709, 711

St. Eulalia, Mexico, 529, 577
St. Georg mine, Schneeberg, 680

St. Gobain, France, 328
St. Ives, Cornwall, 436
St. Just, Cornwall, 436
St. Lambrecht, Styiia, 821

St. Sebastien d'Aigrefeuillc, France, 1169,

1170, 1179

St. Stephen, New Brunswick, 293
Saint Yrieix, France, 781

Sala, Sweden, 462, 722, 771-773

Salamanca, Sjaain, 431

Salangen, Norway, 1056-1058

Salisbury Enterprise, South Africa, 1196
Salzburg, Austria, 809
Salzgitter, Wesergebirge, 1049-1052

Samson lode, St. Andreasberg, 688
Samuel mine, Unterberget, 666
San Benedetto, Sardinia, 750, 752, 756
San Bernardino Co., California, 374
Sandford Lake, United States, 259
Sandgewand fault, Aachen, 732
San Domingo, Spain, 316, 320, 324, 325,

327

San Finx, Spain, 431

San Francisco bed, Spain, 476, 477, 830
Sangerhausen, Thuringia, 1125

San Giovanni, Sardinia, 750, 752, 756
San Isodoro, Spain, 431

San Jose, Mexico, 891

San Juancito, Central America, 577
San Louis mine, Spain, 830
San Martino, Tuscany, 472, 474
San Miguel, Spain, 316, 319, 325
San Nicolas bed, Spain, 476, 477
San Pedro, Mexico, 398, 575
San Pedi'o mine, Spain, 833
San Pedro y San Diego bed, Spain, 476

San Pietro, Sardinia, 1107
Santa Agueda lode, Spain, 711

Santa Barbara mine. South America, 471
Santander, Spain, 1089

Santiago, Chih, 892, 893
Santo Tome de Rozadas, Spain, 431
Sarannajv, Urals, 345
Sardinia, 749-756

Sarrabus, Sardinia, 659, 749, 945
Sasagatani, Japan, 897

Sasso, Tuscany, 133, 151, 909
Saterdalen, Norway, 294
Sauberg, Erzgebirge, 427

Sauce, Argentina, 448
Sawatch Range, Colorado, 760
Saxon-Vogtland, Germany, 811

Saxony, Germany (see also Erzgebirge), 204
Scandinavia (see also Norway and Sweden),

135, 155, 213, 259, 283
Schafberg, Westphalia, 841-843

Schaffhausen, Switzerland, 998
Schandelah, Germany, 1052

vScharley, Silesia, 725, 728
Schattberg, Tyrol, 906
Scheiberberg, Erzgebu-ge, 677, 680, 683
Schellerhau, Erzgebirge, 811

Schellgaden, Lungau Tauern, 632-634

Schemnitz, Hungary, 165, 182, 184, 187,

517, 524, 526, 527, 530, 535, 536, 539-

542, 945

Schladming, Styria, 947, 948
Schlaggenwalde, Erzgebirge, 425, 427
Schlagstein, Germany, 1184

Schleiden, Rhenish Schiefergebirge, 1184
Schlema, Erzgebirge, 680
Schmalgraf mine, Aachen, 732, 734
Schmalkalden, Thuringia, 837-839

Schmiedeberg, Silesia, 1097

Schmiedefeld, Thuringia, 1043, 1151

Schniollnitz, Hungary, 302, 333-335,
943

Schneeberg, Erzgebirge, 140, 162, 169, 656,

677, 680, 683, 870, 945, 965, 1136
Schonberg, Bohemia, 780
Schulenberg, Harz, 684
Schuplja, Stena, Serbia, 484
Schwarzenberg, Erzgebirge, 180, 352, 408,

422, 811, 1097
"

Schwaz, Tyrol, 457, 657, 870, 872
Schweidrich, Bohemia, 299
Schweina, Thuringia, 25, 162, 206, 948,

1119, 1120, 1129

Schwelm, Westphalia, 301, 736, 927
Scotland, 1035, 1096

Searashi, Japan, 861

Sedda-Cherci, Sardinia, 755
Segunda mine, Spain, 833
Seifersdorf, Austria, 1151
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Seiffen, Erzgebirge, 210, 425

Sekenke, German East Africa, 624, 1167

Selangor, Malay Peninsula, 443

Selbeck, Rhenish Schiefergebirge, 704

Sella Bassa mine. Piedmont, 298

Selva, Tuscany, 472

Selvagnana, Tuscany, 472

Selvena, Tuscany, 474

Senjen, Norway, 281, 294

Senze de Itombe, West Africa, 1170

Serbia, 249
statistics, 1094

Serena, Spain, 550

Serigano, Japan, 588

Serrabottini, Tuscany, 910

Sevilla, Spain, 327

Shasta Co., California, 874

Sheba Queen mine. South Africa, 625,

626

Shcrbrooke, Quebec, 875

Shikou, Japan, 896

Shiribeshi, Japan, 861

Siak, Malay Peninsula, 441

Siam, 1196

Siberia, 1207-1210

statistics, 940, 941

Sidi Rgheiss, Algeria, 1187, 1188, 1189

Siegen, Germany, 215, 1097

Siegena mine, Miisen, 927

Siegeriand, Germany, 33, 116, 145, 162,

211, 212, 213, 350, 699, 791, 792-805,

879, 903, 948, 1088

Sieglitz lode, Hohe Tauern, 68, 630, 631

Siele, Tuscany, 472

Sierra Almagrera, Spain, 550

Sierra Nevada, CaHfornia, 219, 515, 604, 605

Sigdal, Norway, 294

Sigerfjord, Norway, 266

Silberberg, Bavaria, 249, 338

Silberburg flucan, St. Andrea.sberg, 688

Silberkautchen, Rhenish Schiefergebirge,

700
Silberkaute, Rhenish Schiefergebirge, 700

Silberpfennig, Hohe Tauern, 631

Silesia, Germany, 214, 218, 636, 721, 722,

723-730

Silfide mine, Spain, 830

Silver Islet, Lake Superior, 659, 669

Simonovsk. Urals, 900
Siwas, Asia IMinor, 783

Sizilia mine, Miisen, 927

Sjoggrufvan, Sweden, 388

Skien, Norway, 378

Skjakerdalen, Norway, 281, 294

Skottgrufve, Sweden, 383, 392, 393

Skredhelle, Norway, 934

Skutterud, Norway, 1136, 1139

Skyros, Greece, 249

Slaughter Yard Face, Mount Bischoff, 445

Slowinka, Hungary, 806
Smaland, Sweden, 637

Smeinogorsk, Russia, 901

Smorten, Norway, 266, 267

Smuggler Union mine, Colorado, 517

Smyrna, Asia Minor, 783

Snarum, Norwa_y, 452, 1137

Soggendal, Norway, 251, 255, 256, 257

Sohland, Saxony, 281, 282, 299
Solberg, Norway, 260, 261, 276

Solforate, Tuscany, 472

Solnor, Norway, 253

Solothurn, Switzerland, 998

Solowjewa, Urals, 344

Sommerschenburg, Germany, 1018, 1019

Somorrostro, Spain, 830

Sondhordland, Norway, 304

Sonora, Mexico, 873

Sonthofen, Bavaria, 1021

Soonwald, the, Germany, 864-869, 1054

Sophienau, Thuringia, 1151

Sopuerta mine, Spain, 828

Sorpresa mine, Spain, 449

Sorreisen, Norway, 1056

Sotiros, Thasos, 758, 759

South Africa, 103, 300, 448, 625-627, 1196

South America, 150, 470, 524, 526, 527

South AustraUa, 444, 446, 1085

South Carolina, United States, 447, 1054

South KalgurU mine. Western Australia,

593

South New Moon mine, Victoria, 612

South Reef, Witwatersrand, 1155

Spain, 201, 213, 215, 430, 463, 515, 523,

547-550, 709-711, 1194, 1213

statistics, 647, 648, 774, 940, 941, 1085,

1087, 1091, 1094, 1114

Spechtsbrunn, Thuringia, 1151

Spilio, Thasos, 758

Spitaler lode, Hungary, 541

Spitzenberg, Harz, 1080

Spitzkopf, Groot and Klein, German West
Africa, 627

Spring dis., Utah, 354

Springs, Queensland, 403

Stadtberge, Westphalia, 1130

Stahlberg, Thuringia, 817, 837-839

Stahlbergstock, Miisen, 7, 796

Stiillberg, Sweden, 383, 392, 393

Stanhope Burn, England, 823

Stanthorpe, Queensland, 1195

Star lode, Ballarat, 615

Starckenbach, Bohemia, 1131

Stiittberg, Sweden, 298

Steamboat Springs, Nevada, 136, 138, 182,

461, 462, 464, 467

Stevens Co., Washington, 374
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Steynsdorp, South Africa, 626

Stirling HiU, New Jersey, 394-396

Stobie mine, Sudbury, 291, 293

Stolberg, Rhenish Prussia, 731, 870

Stora Strand, Sweden, 1133-1135
' Storgang,' Norway, 255, 256

Storsjo lake, Norway, 983

Straits Settlements, "205, 416, 424, 437-444

Streitfeld bed, Bieber, 845

Striberg, Sweden, 160, 197, 276, 382, 390,

392, 393
Striegendorf, Germany, 1151

Stripa, Sweden, 392, 393

Stromberg, Taunus, 864, 866

Strossa, Sweden, 392, 393

Strullos, Cyprus, 1107

Stiiblbau, Lungau Tauern, 633

Sudburv, Canada, 281, 282, 283, 284, 288,

289-293, 943, 965

Sugaya, Japan, 1053

Suhl, Thuringia, 811

Sulitjelma, Norway, 163, 165, 173, 201, 304.

308, 309, 313"

Sulphur Bank, California, 136, 182, 461, 464

Sultana mine, Sudbury, 291

Siilukkoi, Asia Minor, 783

Sulzbach, Lorraine, 1184

Sumatra, 151, 167, 515, 524, 525, 526,

588
Sumpter dis.. United States, 1202

Siinik mines, Transcaucasia, 875

Surprise Peak, Nevada, 767

Susenberg, Harz, 1082

Su Suergiu, Sardinia, 783

Svappavaara, Sweden, 197, 270, 274

Svartdal, Norway, 188, 637, 873, 901, 902

Svartvik, Sweden, 383, 393

Svenningdal, Norway, 164, 657, 659

Swabian Alb, Germany, 997

Swaziland, South Africa, 448, 1196

Sweden, 201, 257, 260, 269-277, 280, 281,

282, 284, 297, 314, 378-394, 637, 984,

988
statistics, 644, 647, 648, 774, 940, 941,

942, 1085, 1094, 1114

Switzerland, 997, 1094

Sydvaranger, Norway, 260, 261-266, 276,

1098
Szakowa, GaUcia, 723, 725
Szaszka, Hungary, 356, 357, 359

Taberg, Sweden, 256, 257, 382. 386, 392,

393, 394

Taghit, 487

Taguchihara, Japan, 782
Talchi, India, 1212

Tallawang, New South Wales, 1168

Taltal, Chili, 893, 896

Tamarack mine. Lake Superior, 201, 932,

933

Tama5'a, ChiU, 893, 894, 896

Tam o' Shanter mine, Sudbury, 291

Tangkogae, Korea, 1210

Tarica, Peru, 579
Tarkwa, South Africa, 1166

Tarnowitz, Silesia, 719, 723, 725, 727
Tasmania, 444, 449, 1205

Tasna, Bolivia, 581, 585

Taunus, the, Germany, 864-869

Taylor Peak, Colorado, 374

Teissene, Carinthia, 821

Telemarken, Norway, 65, 423, 637, 871,

874, 879. 901-903

Telluride, Colorado, 517, 525
Temiskaming, Canada, 656, 666-669, 945,

965, 1136

Temperino, Tuscan}^ 410
Teniente, Chili, 872, 894

Tennessee, United States, 556, 849

Terlingua dis., Texas, 469

Terranera, Elba, 370, 371

Terrubias, Spain, 431

Tescaltichi, Mexico, 447

Testi, C, Tuscany, 472
Tewescal mountains, Carolina, 447

Texas, United States, 374, 458, 556, 963,

1132
Thames goldfield. New Zealand, 520, 590
Tharsis, Spain, 316, 319, 325, 327

Thasos, 756-759

Therese mine, Silesia, 728

Theresia property, Idria, 480

Thihu Valley, Carpathians, 482
Thokdschalo\xng, Tibet, 1212

Thuringian Forest, Germany, 143, 163, 817,

835-839, 854-857, 1116, 1129

Tibet, 1211

Ticapanupa, Peru, 579

Tiebaghi hills, New Caledonia, 249

Tiefbau-von-Hovel mine, Westphalia, 735

Tierra del Fuego, South America, 1053

Tilkerode, Harz, 166, 342

TUt Cove, Ne-wfoundland, 875

Tincroft, Cornwall, 436
Tintic dis., Utah, 558, 871

Tirpersdorf, Erzgebirge, 448, 449

Toba, Japan, 860

Tomnitz, Silesia, 958

Tonka, Siam, 1196

Tonopah, Nevada, 517, 519, 524, 525, 526,

527, 529, 570
Top seam, Cleveland, 1024
Torbjornsbo, Norway, 377
Toroczko, Transylvania, 812

Torre de Rio, Elba, 371

Totoral, Bolivia, 584
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Transvaal, South Africa, 448, 625, 638-640,

949, 1153-1165

Transylvania, Hungan% 151, 165, 184, 523,

524, 525, 526, 527, 536, 539, 543-547,

1213

Traversella, Piedmont, 301, 373, 943, 1097

Traz OS Montes, Portugal, 430
Treadwell, Alaska, 610"

Tres Amigos, Spain, 550
Tres Cruces, Bolivia, 583
Triano, Spain, 826, 830, 831

Trier, Germany, 1184

Trinidad mine, Spain, 831

Trockenberg, Silesia, 723, 726, 727

Tromso, Norway, 294

Tromsosundet, Norway, 1056

Trondhjem, Norway, 304, 312, 313

Tiossin, Prussia, 1151

Trzebinia, Galicia, 723, 725
Tschiatura, Russia, 162, 197, 1104-1106

Tschudack, the Altai, 875
Tsubaki mine, Japan, 588
Tsumeb, German South-West Africa, 913,

914-917

Tulameen R., British Columbia, 343

Tunaberg, Sweden, 949, 1136, 1140

Tuollavaara, Sweden, 270, 392

Turkey, 249

statistics, 647, 648, 774, 940, 1094

Tuscany, Italy, 471-474

Tuscarora dis., Nevada, 558

Tvedstrand, Norway, 294

Twiste, Hesse, 1185

Two-Foot seam, Cleveland, 1024

Tyriac, France, 430
Tzarevo-Alexandrowsky, Siberia, 1208

Uedingen, Germany, 1185
Ugo, Japan, 588, 860, 861

Uifak, Disko Island, 341, 1044
Ungvar, Hungarv, 536
United States, 202, 249, 259, £93, 373, 447,

515, 524, 530, 550-558, 643, 846-850,

984, 1028-1031, 1189, 1200-1202, 1222

statistics, 202, 468, 552, 554, 556, 644,

647, 648, 774, 778, 940, 941, 1085,

1087, 1089, 1094, 1114
Unterberget, Norway, 663, 666
Unterried, Bavaria, 340
Urals, the, Russia, 37, 180, 214, 215, 216,

249, 277, 342, 343, 344, 354, 360-369,

451, 629, 900. 1045, 1088, 1097, 1207,

1214, 1216-1220

Ushio, Japan, 588
Usseglio, Piedmont, 949
Ussungo, German East Africa, 1166

Utah, United States, 558
statistics, 556, 558

Valadou, France, 782
Valais, Switzerland, 949
Valfleury, France, 781

Vallalta, Italy, 458, 462, 474

Vallenar i Freirina, Chili, 896

Valle Seixo, Portugal, 430

Vancouver, British Columbia, 374

VaraUo, Piedmont, 281, 298
V^ardalen, Norway, 312

Vasko, Hungarj^ 356, 357, 359, 391

VauLry, France, 430
Vegetable Creek dis., New South Wales,

446
Velbert, WestphaMa, 8, 703
Vena, Sweden, 1140, 1172

Venezuela, South America, statistics, 644,

940
Ventura and Josefita mine, Spain, 833
Vereinigt mine, Erzgebirge, 681

Verespatak, Transylvania, 168, 185, 519,

523, 524, 543, 546

Verin, Portugal, 430
Vermilion, United States, 1056, 1062, 1063,

1070, 1071

Vestmanland, Sweden, 298

Veta Grande, Mexico, 202, 576

Veta Madre, Mexico, 576, 577
Viana del BoUo, Portugal, 430
Vicenta mine, Spain, 833

Vichbach valley, Aachen, 733

Victoria, Australia, 444, 446, 611, 1205

Victoria dis., Rhodesia, 1196

Victoria mine, Sudbury, 291, 293

Victoria United mine, Victoria, 616

Vigneria, Elba, 370
Vigsnas, Norway, 304, 307, 312

Viker, Sweden, 383

Viktoria mine, Siegerland, 800
Villa-de-Frades, Portugal, 373
Villefranche, France, 1054

Villerange, France, 781

Virginia, United States, 847

Vitim dis., Siberia, 1209

Vizeu, Portugal, 430
Vogelsberg, Hesse, 998-1000

Volkmarsen, Germany, 1013, 1019

VoUe Rose mine, Thuringia, 854

Vouves, Thasos, 758, 759

Vryheid dis., Zululand, 626

Vulcano, Lipari Islands, 133

Waihi, New Zealand, 515, 520, 590

Waitschach, Carinthia, 821

Waldeck, Germanj^, 1185

Waldenstein, Carinthia, 821

Wallaroo, South Austraha, 200, 880, 898

Wallerfangen, Prussia, 1184

Walsberg, Thuringia, 857
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Waudas-Hoffnung lode, Altenberg, 599
Wanderers mine, Rhodesia, 626

Wan Shan Chang, China, 486
Waschgang, Hohe Tauern, 631

Washington, United States, 558
statistics, 554, 556

Washinosu, Japan, 586
Wasselnheim, Lon'aine, 1184

Waverley, Victoria, 616
Weardale, England, 823
Webster, North Carolina, 950, 952, 962
Weichsel, the, Silesia, 725
Weilburg, Prussia, 1075, 1077
Weimar, Hesse, 342
Weirsberg, Fichtelgebirge, 1150
Weissenstadt, Fichtelgebirge, 429
Weisser Hirsch mine, Schneeberg, 680
Weiss mine. Berg dis., 693

Welda, Germany, 1013, 1019
Welkenraedt, Belgium, 733
Wennsgliickt lode, St. Andreasberg, 688,

690

Wemersdorf, Bohemia, 1131

Wernersreuth, Fichtelgebirge, 429
Wesergebirge, Germany, 1019-1021

Westerberg, Hesse, 994
Westergotland, Sweden, 1143
Western AustraUa, 40, 83, 151, 184, 203,

219, 444, 446, 523, 525, 528, 590-598

963, 1195, 1205

Westland, New Zealand, 1207
Westphalia, Germany, 67, 137, 704, 734-

736, 1033-1035, 1117
Wetzelstein, Thuringia, 1151

Wetzlar, Nassau, 1075

White Face, Mount Bischoff, 445
Whitehaven, England, 823, 825
White Pine dis., Colorado, 374

Wide West mine, Nevada, 767
Wiesberg, Hesse, 994
Wiesloch, Baden, 728, 737, 738
Wildberg, Siegerland, 800
Wildemann, Harz, 684
WUhelmine mine, Silesia, 728
Wilhelms Gliick mine, Thuringia, 854
WiUiamsburg mhie, Nevada, 767

Winskott mine, Montana, 346
Winterswyk, Holland, 1001

WintervUle, Oregon, 1202

Wis, Serbia, 876

Wisconsin, United States, 769, 771

Wittekind bed, Wesergebirge, 1020
Witwatersrand, South Africa, 203, 220,

240, 646, 1151-1165

Wohlverwahrt mine, Wesergebirge, 1020
Wolfsberg, Harz, 779
Wolsch, Carinthia, 821

Wood mine, Gilpin Co., 716
Wormke, the, Harz, 1083
Worthington mine, Sudbury, 291

Wiinschendorf, Silesia, 636
Wurigam, India, 1212

Wiirtemberg, Germany, 997, 1151

Wyoming, United States, 447, 554
Wyssokaia Gora, Urals, 277, 360-363

Yamagano, Japan, 588
Yankee Girl mine, Colorado, 643
Yauli, South America, 470, 471

Yellowstone Park, United States, 136, 451
Yenissei dis., Siberia, 1208

Yttero, Norway, 304
Yukon, the, Canada, 1203

Yunnan, China, 1196

Yusenyi, JajDan, 897

Zacatecas, Mexico, 215, 529, 575, 577
Zaneischg, Lungau Tauern, 633
Zamihillo, Chili, 896
Zarza, Spam, 451

Zarzala, Spain, 422, 451

Zditz, Bohemia, 1042
Zellerfeld, Harz, 684, 686
Zeltschach, Carinthia, 821

Zemberg dis., Carpathians, 948
Zeya dis., Siberia, 1209
Ziegenhals, Germany, 223
Zilly, Harz, 1047

Zinnwald, Erzgebirge, 65, 416, 425, 428,

429, 448, 449

Zips-Gormor, Erzgebirge, 457, 791, 805-

809
Zorge, Harz, 166, 811

Zossen, Carinthia, 821

Zsakarocz, Erzgebirge, 806
Zuiho, Japan, 588
Zululand, South Africa, 346, 626
Zwartkopje, South Africa, 626

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Those references marked with an asterisk denote Illustrations

Acid magmatic extraction, 176, 971

Acidic metals and elements, 157, 172

Adsorption, 192, 916, 974, 1119

Age of ore-deposits, 67

antimony ore-beds, 1188

auiiferous conglomerates, 1154, 1166

copper lodes, 877, 897

gold gravels, 1199, 1201, 1207, 1208
gold lodes, old, 605, 606, 636

gold-silver lodes, j'oung, 515
iron lodes, 786, 801, 802
lead-silver-zino deposits, mctasomatic,

722, 733, 768

lead-silver-zinc lodes, 658, 664, 682
lead-, zinc-, and copper beds, 1169

manganese lodes, 856

oolitic iron beds, 1001

quicksilver lodes, 462
Agents mineralisateurs, 132

Alluvial gravels. See also Fluviatile and
Marine gravels

gold, 552, 1152, 1190, 1212
iron, 1075

platinum, 1190, 1214, 1220

ti.i, 442, 1190, 1193

Aluminium, the metal, 152, 156, 207, 208
the ore, 103

Alum-ores, 73, 74, 977, 1143, 1150

Alunite and alunitization, 521, 531, 548, 567
Analyses, tables of ore-analyses—

bog and lake ore, 985
copper, 1126, 1148

gold-silver, 561

iron, 264, 362, 365, 367, 368, 377, 380,

832, 837, 839, 843, 844, 1024, 1027,

1048, 1069, 1070, 1079

iron-manganese, 989
jacutinga, 624
lead, 1148

lead-zinc, 734
limonite, 808, 841

manganese, 861, 1103, 1104
minette, 1009, 1010

nickel, 951

platinum, 1220, 1222, 1223, 1225

Analyses

—

continued

pyrite, 323, 330, 335, 1148

siderite, 803, 804, 808, 841

titaniferous iron, 252, 254
Anback, 1145

Anglesite, 86, 87, 715, 1170
Anhydrite, 720, 744

Annabergite, 95, 96, 667
Anticlinal fissures, 62

Anticlines, 17-20

Antimony, the metal, 154, 160, 166, 207,

208, 667

the ore, 101

the deposits

—

lodes, 777-783

metasomatic, 784
ore-beds, 1187-1190

Apatite (as gangue), 382, 451, 658
lodes, 135, 174, 175, 186, 347, 420, 422,

451-455, 516, 1137

Apatite-iron deposits, 160, 173, 259-277,

382, 390, 1097, 1098
Apomagmatic minerals, 353
Argentite, 85, 86, 525, 540, 571, 575, 661,

673, 679, 680, 885
Arsenic, the element, 101, 154, 155, 160,

166, 208, 668, 921, 931, 1130
the ore, 101, 207, 218

native, 101, 949
the deposits, 404

Arsenical cobalt-nickel lodes {see also

Sulphide cobalt-nickel lodes), 162, 205,

223, 656, 945-949, 965
Arsenolite, 101

Arsenopyrite, 101, 404, 599, 603, 612, 620,
622, 623, 632, 636, 920, 923

auriferous, 76
lodes, 920-923

Arsen-silver, 85, 86
Asbolane, 97, 98*, 168, 668, 951

deposits, 159, 162, 206, 950, 953, 956,
981

Ascension theory {see also Hydro-thermal
action), 189, 190, 609, 729, 736, 770,
953, 967

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Association of metals and elements (see also

Individual metals and elements), 159-

170

Atacamite, 89, 90, 881, 1183

Atmosphere, 147, 149

Auriferous conglomerates, 203, 646, 1151-

1169

Awaruite, 340
Azurite, 89, 90, 881, 894, 915, 919, 1130,

1170, 1183, 1184, 1186

Bacteria in ore-deposition, 976, 986
Banded structure (see also Ciusted and

Combed structures), 111-117, 262, 308,

350, 377, 380, 447, 453, 686, 695, 799,

911, 919, 925, 959, 966, 978, 1034, 1054,

1145

Banket reefs, 1155, 1158

Barite, 106, 107, 137, 526, 533, 651, 655,

674,679, 686, 720, 744, 811, 823, 837,

840, 853, 855, 863, 870, 899, 925,

927, 1143

Barite-copper lodes, 688
Barite-lead-silver lodes, 655, 659, 674, 675
Barium, 152, 160, 168, 1100
Barysphere, 147

Basic metals and elements, 157, 172

Bauxite, 103, 991, 999
Bean ore, 982, 990-998, 1001, 1002, 1095,

1098

Bedded lodes, 40*, 617, 619, 626, 634, 663,

806, 877, 879, 901, 903, 904, 906
Bedded structure, 1171

Beresite, 628*, 629

Binary eutectic, 128

Bismite, 100, 101, 680, 682
Bismuth, the metal, 100, 160, 166, 169, 207,

208, 667, 1136, 1140

the ore, 100, 681

native, 100, 582, 621, 655, 680, 681,

682, 822, 949
Bismuthinite, 100, 101, 314, 508, 603, 637,

682, 902
Bismuthite, 100, 101

Bitter springs, 135

Blackband ironstone, 92
deposits, 1031-1039, 1095, 1098

Block-uplifts. See Uplifts and Preface,

Vol. II.

Bog ore, 161, 192, 982-988, 1096, 1098,

1099, 1100, 1101, 1103
Bonanzas (,<*ee also Ore-shoots, -chimnej's,

and -pipes), 527, 553, 561, 576, 886
Boracic acid springs (see also Boron), 133,

464, 909, 911

Bomite, 89, 90, 92*, 300, 608, 674, 871,

872,881,885,890, 894, 898, 943, 1116,

1124

Boron (see also Boracic acid springs), 151,

935
Botryoidal iron ore (see also Kidney and

Pencil ore), 368
Boulangerite, 86, 87, 707, 770

Bournonite, 86, 87, 543, 582, 702, 707

Branden, 948

Braunite, 94, 853, 859, 1110
Brecciated and jjseudo-brecciated structure,

117, 118*, 261, 273, 275, 284, 302,

310, 377, 433, 478. 541, 545, 576, 608,

695, 721, 734, 740, 752, 754, 788, 813,

853, 856, 863, 1046

Brochantite, 881, 894

BromargjTite, 85, 86, 145, 218, 575

Bromine, 150, 160, 219

Cadmium, 155, 160, 162, 207, 208
Calamine. See Zinc carbonate

Calaverite, 76, 79, 80, 82, 565, 593,

595

Calcite, 469, 547, 523, 607, 612, 622, 662,

667, 680, 707, 744, 779, 870
Calcite-silver lodes, 655, 658, 659, 660-666,

669
Calcium, 152, 156

Calcium-uranate, 102

Camimnil, 831, 832, 834
Canga, 620, 1045, 1061

Carbonates (as gangue), 105, 107

Carbomto, 830, 832, 834
Cassiterite (see also Tin), 99, 100*, 405, 416,

428; 433, 440, 445, 582, 585, 1141, 1192.

1193

Caving fracture, 67

Cavity-rillings, 12, 13, 37-41, 48, 68, 69,

111, 442, 445, 824, 930
Cellular structure, 721

Cementation-metasomatism, 916
Cementation zone, 10, 75, 76, 212, 213, 215,

220, 221

auriferous conglomerates, 1153
copper deposits, metasomatic, 908, 909,

919

copper lodes, 800, 882, 886, 887, 894
gold gravels, 77, 78
gold lodes, old, 602, 625, 626, 637
gold-silver lodes, young, 83, 219, 528, 594,

595

iron deposits, metasomatic, 816
iron-manganese deposits, metasomatic,

863

iron lodes, 790, 800
lead-silver-zinc deposits, metasomatic,

717

lead-silver-zinc lodes, 654, 668
pjTite beds, 1142

pjTite deposits, intrusive, 10*, 216, 321

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Cementation zone

—

continued

pyrite and arsenopyrite lodes, 921

uranium-silver-gold lodes, 716

Cerargyrite, 85, 86, 145, 218, 219, 548, 561,

575, 679

Cerium, the metal, 152, 160

the ore, 103

Cerussite, 86, 87, 541, 548, 715, 737, 740,

744, 753, 764, 1174, 1179

Cervartite, 101

Chalcaiithite, 881, 894

Chalcedony, 104

Chalcocite, 89, 90, 674, 871, 872, 881, 885,

894, 915, 916, 917, 918, 919, 1116, 1124,

1130, 1131, 1170, 1183, 1184
argentiferous, 85

Chalcopyrite, 89, 90, 91*, 104, 301-340, 397,

433, 608, 673, 674, 800, 871, 872,

881, 890, 894, 898, 905, 911, 1116,

1119, 1124, 1133, 1136, 1138

argentiferous, 85

auriferouSj 76

Chamber deposits, 37-41, 720

Chambered veins, the term, 68
Chamosite, 92, 94

beds, 1032, 1039-1044, 1096, 1098
Chirta, 831, 832

Chloantite, 95, 96, 667, 680, 905, 946
Chlorine, 150, 160, 172, 184, 219, 975
Chromite, 99, 347, 1161, 1213

deposits, 173, 244-249, 344, 957
Chromium, the metal, 153, 156, 169, 172,

173, 206, 208, 347, 981

the ore, 99, 207
Chrysocolla, 89, 90, 881, 886, 919, 934, 1183

Chrysoprase, 952, 961

Cinnabar, 84, 136, 457, 465, 468, 472, 476,

657

deijosits. See Quicksilver deposits

Classification of ore-deposits, in general, 12,

228-241

Beck, 237

Bergeat, 237
Beyschlag, lirush, and Vogt, 238-241

Burat, 228, 229
Callon, 230
von CottA, 229
Fuchs and de Launay, 234
Grimm, 230
von Groddeck, 230
Giirich, 235
Hofer, 235
Kemp, 233
Kohler, 230
Lottner-Serlo, 230
Naumann, 230
Neve Foster, 230
Phillips, 231

Classification of ore-deposits

—

conlinued

Posepny, 234

Stelzner, 232

Vogt, 236

von Waldenstein, 228

von Weissenbach, 228

Werner, 228

Whitney, 228, 231

into sub-groups

—

copper deposits, metasomatic, 910

copper deposits, native, 929

copper lodes, 875, 878, 901

copper, silver, and gold deposits, 892

gold-silver lodes, yomig, 524, 525, 541,

545, 553, 555

lead-silver-zinc lodes, 655
oolitic iron-beds, 1002

pyrite beds, 1141

Clay-ironstone, 92

deposits, 45*, 1020, 1031-1039, 1095,

1098
Clay-partings (see also Gouge, and Preface,

Vols. I. and II.), 637, 686, 695, 700,

705, 708*, 822, 915, 1145

Cobalt, the metal, 153, 156, 162, 168, 169,

172, 206, 207, 208, 347, 668, 873, 965,

981, 1099, 1100, 1136

the ore, 97-99, 168, 206

lodes {seealso Asbolane deposits), 25, 27*,

206, 212, 793, 800, 801, 948, 1120, 1125,

1129, 1130, 1137

Cobalt-arsenopyi-ite, 97, 946, 1135, 1138

Cobalt-bismuth lodes. See Silver-cobalt-

bismuth lodes

Cobalt fahlbands (see also Fahlbands), 162,

949, 1132, 1135-1141, 1172

Cobalt - nickel lodes. iS'ee Nickel -cobalt

lodes

Cobalt-silver lodes. See Silver-cobalt lodes

Cobalt-uranium lodes, 655

Cobaltite, 97, 98*, 667, 801, 898, 946, 1135,

1138, 1140

Cockade ore (see also Concentric ore), 114,

652

Combed structure (see also Banded and
crusted structures), 532, 675

Compact structure, 120, 399, 780, 853

Composite lodes (see also Preface, Vol. I.),

37*, 38-40, 540, 542, 576, 591, 593,

626, 650, 651, 686, 695, 884

Concentric crusted structure (see also

Crusted structure), 113, 114, 115*,

120*, 652, 721, 802

Concentric ore, 114, 652, 686

Concretionary deposits, 45, 46, 1031

Concretionary structure (see also Oolitic

structure), 982, 987, 994, 1002, 1017,

1108

Pages 1-487 are contained in Vol. I , and pages 515-1225 i7i Vol. II.
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Contact deposits, 12, 35-37, 48, 69, 141, ITS-

ISO, 348-411, 530, 649, 978
gold, 553, 404, 646

gold-copper, 573
oxide, 354-396

iron, 160, 180, 350, 354-394, 422, 1054,

1097, 1098

manganese, 387-389

zinc-manganese, 394-396

sulphide, 354, 396-405

copper, 354, 359, 360, 396-398, 402-404,

876, 888, 890, 891, 897, 900, 943, 944

lead-silver-zinc, 121, 180, 399-402

tin, 405-411, 909
Contact lodes, 69, 190, 350
Contact-metamorphic deposits. See Con-

tact deposits

Contact-metamorphism, 141, 178-180, 318,

349-411, 876, 979, 1098

Contact-metasomatism, 180, 349

Contact super-metamorphism, 180, 351

Contact zone, 35, 141, 673

Contraction fissures, fractures, and joints,

64, 518, 547, 629

Copper, the metal, 154, 155, 156, 163, 167,

168, 172, 201, 206, 207, 208, 327,

347, 436, 836, 863, 921, 939-944,

975, 1099, 1100, 1214

the ore, 89-92, 198, 811

native, 89, 90, 91*, 140, 345, 872, 929,

943, 1130, 1190

the deposits, 163, 198-201, 211, 876, 877,

943

contact, 354, 359, 360, 396-398, 402-

404, 876, 878, 879, 880, 888, 890, 891,

900, 943, 944

lodes, 163, 165, 199, 211, 214, 216, 398,

403, 409, 423, 530, 649, 674, 793, 800,

801, 809, 870-907, 910, 911, 929, 943,

944, 945, 948, 1185

magmatic, 345, 346, 909
metasomatie, 1 81 , 907, 908-920, 943, 944
native, 928-939

ore-beds, 944, 1169, 1182-1187

Copper carbonate deposits, 1169

Copper sandstone, 928, 938, 1119, 1132

Copper-shale beds, 163, 194, 198, 649, 878,

944, 1115-1132, 1133

Copper-tin lodes. See Tin-copper lodes

Copper-uranate, 102

Corundum, 249, 287, 1166

Coimtry-rock, alteration of, 349, 414, 445,

518, 529, 582, 608, 635, 952, 959

influence of, 41, 607, 630, 651, 653, 665,

674, 680, 703, 707, 715, 753

Covellite, 89, 894, 1183

Critical temperatui-e, 132, 133, 147, 353,

419, 531, 934, 967

Cross-courses, -fissures, and -lodes, 62, 617,

626

Crusted structure (see also Banded, Combed,
and Concentric crusted structures),

111-117, 176*, 417,441,453, 532, 589,

607, 675, 686, 700, 707, 720, 721, 735,

740, 780, 788, 799, 813, 853, 874, 885,

966

Cryolite, 103, 135, 347, 422, 450
Cupriferous conglomerates, 931, 938

Cupriferous siderite lodes, 903-907

Cuprite, 89, 90, 881, 894, 935, 1130,

1184

Deflection of lodes, 48-50, 70, 714, 798

Depth-zones, 9, 10*, 66, 209-221

antimony lodes, 778

auriferous conglomerates, 1152

copper deposits, metasomatie, 908
copper lodes, 880-882, 885

gold lodes, old, 602, 603, 624, 637

gold-silver lodes, young, 527-529, 580,

585, 594
iron deposits, metasomatie, 815

iron lodes, 211, 788-790, 791, 801, 807

iron - manganese deposits, metasomatie,

863

iron ore-beds, 1033, 1046

lead - silver - zinc deposits, metasomatie,

717, 721

lead-sUver-zinc lodes, 210, 652-654, 656,

691

nickel-cobalt arsenide lodes, 948

pyrite deposits, intrusive, 10*, 321, 322

pyrite deposits, metasomatie, 923

pyrite beds, 1142

pyrite and arsenopyrite lodes, 920

tin lodes, 585
tin-copper lodes, 209, 216, 434
irranium lodes, 712, 714

Descension theory, 189, 966

Detrital deposits (see aho Gravel deposits),

6*, 14, 195, 1044-1052, 1096, 1098

Deviation of lodes, 70, 716

Diamond, 129, 1208, 1225

Diasporite, 103, 359
Differentiated lodes (see also Preface Vol.

L), 243, 246*, 257*, 269

Distribution of metals and elements (see

also Individual metals and elements),

147-158

Distm-bances, 17-34, 48-50, 798

faults and faulting, 17, 25-31, 48, 318,

363, 698, 798, 806, 835, 905, 1008,

1041, 1081

folds and folding, 17-20, 48, 62, 318, 363,

787, 798, 833, 905, 1079

lateral or horizontal displacement, 7*,

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Disturbances

—

continued

17, 26, 28*, 32-34, 48, 319, 434, 637,

690, 698, 787, 798, 905, 1081

overthrusts and oveithrusting, 17, 21-25,

48, 62, 318, 319, 688, 905, 925, 1079,

1081

vertical displacement, 17, 31, 32, 48, 637,

698, 787, 905
Dolomite, 523, 545, 547, 622, 655, 674, 679,

680, 707, 740, 744, 772
Dolomitic lead lodes, 655, 674, 675
Dolomitization, 718, 726, 738, 758
Drag of lodes, 23, 30, 434
Drusy structure (see also Vuggy structure),

93, 118-120, 122*, 123*, 215, 788,

808, 831, 1176
Dynamo-metamorphism, 313

Dyscrasite, 85, 86, 667, 679, 690

Earth's crust, composition of, 149

Eisengranitel, 260, 267
Eisenortstein, 984
Elements, association of {see also Metal

association), 159-170

distribution of, 147-158

Eluvial gravels, 17, 1190
gold, 604, 1190, 1204, 1210, 1211

iron, 832, 833, 1044, 1045, 1061, 1077
iron-manganese, 865, 867
platinum, 344, 1190, 1214, 1216, 1221,

1222

tin, 16*, 442, 444, 445, 446, 1190, 1192,

1193, 1195

Elvans, 433

Enargite, 568, 871, 885, 915
Endokinetic fissures, 62
Epidotization, 911

Epigenetic deposits, 12, 35-50, 978
Erosion, 213, 517, 637, 664, 725, 787, 871,

925, 997, 1040, 1047, 1050, 1128, 1190
Eruptive deposits, the term, 347
Erythrite, 97, 98, 667, 680, 905, 1138
Eutectic mixtures, 128
Exokinetic fissures, 62

Fahlbands, 45, 46-48, 162, 280, 285, 308,

312, 337-340, 660, 664, 665, 944, 948,

1132-1141, 1171

Falketischiefer, 907
False walls, 8, 387, 632
Faults and faulting, 17, 25-31, 48, 318, 363,

698, 798, 806, 835, 905, 1008, 1041, 1081
Felspars (as gangue), 523, 571, 607, 688,

715, 898
Ferrification, 349
Ferruginous mica-schists (see also Itabirite),

160, 194, 1054, 1055, 1056-1062, 1092,
1096

Ferruginous quartz-schists, 1056-1058, 1096

Filons plombiferes, stanniferes, 422, 423

Fissures and fractirres, manner and cause

of, 61-70

anticlmal, 62

cavmg, 67

contraction, 64, 518, 547, 629

endokinetic, 62

exokinetic, 62

impregnation, 416, 423, 433

strike, 62, 63

synclinal, 02

tectonic, 61, 62, 518, 547, 798
tension, 63

torsion, 63

transverse, 62, 63, 1079, 1081

Fissure-vem (see also Preface Vol. 1.), 877

Flats, 69

Floze, 417, 425
Flucan (see also Preface Vols. I. and II.),

108

Fluorine, 150, 172, 935
Fluorite and fluoritization, 106, 107, 413,

415, 523, 662, 679, 744, 770, 779, 870
Fluviatile gravels, 17, 1190, 1191

gold, 1152, 1190, 1197, 1199, 1200, 1203,

1206, 1209, 1210, 1213

iron (see also Iron sands), 833, 993, 999,

1045

platinum, 1190, 1214, 1220, 1221, 1222,

1223, 1224

tin, 16*, 444, 445, 446, 1190, 1192, 1193

Fluxes, 74, 817, 844, 1008, 1028, 1049, 1080

Folds and folding, 17-20, 48, 62, 318, 363,

787, 798, 833, 905, 1079
Fold-faults, 21

Fossil gravels, 1152, 1166, 1168

Franklinite, 87, 395

Fumaroles, 133, 461, 540

Galena, 86, 140, 218, 410, 526, 545, 547,

550, 651, 674, 700, 704, 717, 726, 733,

734, 763, 767, 770, 1173

argentiferous, 85, 86, 87, 400, 526, 561,

574, 654, 658, 673, 686, 690, 695, 699,

703, 707, 710, 748, 750, 752, 759, 764,

772, 911

lodes (see also Lead lodes), 526, 750, 752,

763
Gang (see also Preface Vol. I.), 68

Gangue, 71, 104-107

Garnet, 349, 357, 353, 362, 371, 373, 376,

377, 396, 400

Garnierite, 95, 96

deposits, 66, 162, 191*, 192, 205, 950-

963, 964, 967, 1136

Gas exhalations, 465, 472, 473, 517, 531, 549

Gash veins, 68

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Genesis of ore-deposits, 171-195, 966-971

contact-metamorphisni, 141, 17S-180.

318, 349-411, 876, 1098

magmatic differentiation, 172-174, 242-

347, 1098

mechanical concentration, 195, 866, 1198
metasomatism, 142-144, 181, 717-773,

812-850, 851, 862-869, 904, 907, 912,

916, 1072

pneumatolysis, 132-134, 175, 344, 347,

352, 412, 417, 418, 419, 447, 1141

precipitation from solution, 182-194, 460-

462, 480, 531-534, 971-1084, 1099-1113,

1137

Genthite, 950, 962
Geological position, defined, 3

Germanium, 151, 160, 582, 675, 1134

Gersdorffite, 95, 96, 799, 946, 1135, 1140
Geschiebe, 798

Geysers, 135

Glacial gravels, 1191

gold, 614, 1190, 1203, 1207, 1209, 1213
iron, 1054

Gold, the metal, 154,155,156, 164, 168,169,

206, 207, 284, 533, 644-646, 764, 778,

893, 921, 968, 1142, 1192

the ore, 74, 76-83, 202
free or native, 76, 77, 78*, 79*,

82*, 83, 214, 220, 540, 545, 594,

596, 602, 609, 623, 1053, 1152,

1155, 1166, 1197

flake gold, 595

mustard gold, 594

sponge gold, 595

selenide gold, 76, 83, 188, 589, 595
teUuride gold, 79-83, 169, 188, 525, 543,

563-566, 593, 595, 603, 764

the deposits, 202-204, 220, 892
contact, 553, 646

gravels, 6, 74, 77, 525, 552, 604, 614|

617, 629, 1151-1169, 1190, 1197-

1213
lodes, old, 164, 165, 188, 190, 398, 523,

529, 553, 601-638, 646

young, 164, 187, 517, 524, 552, 553,

555, 566-570, 573, 586, 589-600,

646, 870
magmatic, 345, 346

metasomatic, 638-643, 1168

Gold-copper deposits, 573, 627, 892, 893
Gold selenide ores, 76, 83, 188, 589, 595
Gold-silver lodes, young {see also Gold lodes,

voung), 134, 164, 165, 182-188, 190,

222, 515-600, 603, 649, 944, 970
Gold-silver-lead lodes, 526

Gold telluride lodes, 83, 188, 219, 523, 525,

545,563-566,590, 593, 1202, 1204,1205

Gold telluride ores, 79-83

Gossan, 9, 220, 222, 321, 802, 921, 924, 1040
Gouge (.see also C'lav-partings and Preface

Vols. I. and II.'), 38, 108, 859, 915
Graphite, 129, 254, 341, 623, 662, 667, 669,

1161

Gravel-deposits, 3, 12, 16, 17, 195, 1190-

1225

gold, 6. 74, 77, 525, 552, 604, 614, 617,

629, 1151-1169, 1190, 1197-1213

iron {see also Iron sands). 832, 847, 848,

993, 999, 1044-1054, 1061, 1075, 1077

iron-manganese, 865, 867

platiimm, 343, 344, 1190, 1213-1225

tin, 4*, 16*, 205, 423, 431, 436, 437-446,

1190, 1192-1197

GreenaUte, 1063

Greisen formation, 134, 143, 175, 176*,

414, 419, 450, 874, 902, 903
Gypsum, 1183

Haematite, 92, 674, 786, 791, 811, 823, 825,

831, 1020, 1028, 1059, 1069, 1072,

1078, 1081, 1094

deposits. See also Iron deposits

beds and metasomatic, 823-834, 1020,

1028-1031, 1072-1084

lodes, 791, 798, 809-811

Halurgo-metamorphism, 691

Hausmannite, 94, 95, 853, 859, 1107

Hemimorphite. iSeeZinc hydrosiUcate

Horizontal displacement. See Lateral dis-

placement
Hot springs {see aUo Hydro-thermal action),

135, 136, 182, 191, 461, 464, 465, 467,

471, 474, 487, 517, 531, 534, 540, 562,

588, 609, 638, 911, 1000

Hydrosphere, 147

Hydro-thermal action {see also Ascension

theory), 135, 136, 182, 186, 191, 484,

522, 534, 549, 609, 638, 770, 877, 879,

885, 888, 891, 907, 935, 937. 953, 962,

966, 969, 1000
Hydrozincite, 87, 737

Idrialite, 84
Ilmenite {see also Titaniferous iron de-

posits), 141, 250
Impregnations, 12, 13, 44-48, 90, 467, 474,

476, 777, 901, 938
Impregnation fractures, 416, 423, 433
Indicators, 76, 86, 92, 615, 1144

Intrusive fahlbands (see also Fahlbands),

280, 337-340, 660, 1134

Intrusive lodes {see also Differentiated

lodes. Intrusive pyrite deposits, and
Preface Vol. I.), 248, 280, 621

Intrusive p\Tite deposits, 173, 194, 301-340,

876, 878, 899, 920, 943, 978, 1134

Pages 1-487 are contained in Vol. I., a)i(i pages 515-1225 in Vol. II.
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Iodine, 150, 160, 975
lodyrite, 85, 86, 145, 218
Iridium, 83, 342, 1161, 1214, 1225
Iron, the metal, 137, 139, 152, 156, 160-162,

167, 206, 207, 208, 342, 851, 981,

1085, 1099

the ore, 74, 92-94, 161, 196, 207, 1084-

1099

the deposits, 196, 1092, 1095-1099, 1172
contact, 160, 179, 350, 353, 354-394,

422, 1054, 1097, 1098

gravels, 832, 847, 848, 993, 999, 1044-

1054, 1061

lodes, 116, 211, 212, 213, 655, 688, 706,

786-811, 859, 949, 968, 1097, 1098
magmatic, 14, 128, 160, 173, 194, 196,

250-277, 1054, 1097, 1098
metasomatic, 43*, 181, 197, 550, 812-

850, 1054, 1096, 1098
ore-beds, 979-1084

bean ore, 990-998, 1001, 1002, 1095,

1098
blackband and clav-ii'onstone, 1031-

1039, 1095, 1098

bog and lalie ore, 982-988, 1096, 1098
chamosite and thuringite, 1032,

1039-1044, 1096, 1098
detrital (see also Gravels), 1044-

1052, 1096, 1098
ooUtic, 1000-1031, 1095, 1098
sands, 1052-1054, 1096
sedimentary, in crystalline schists,

1054-1071, 1096, 1098

with metasomatic, 1072-1084

Iron cap. See Gossan
Iron-manganese ore (see also Manganese-

iron ore), 161, 814
deposits, 41, 169, 862-869, 980

lodes, 674, 675
ore-beds, 988-990, 1111

Irregular coarse structure, 109-111, 399,

599, 607, 652, 686, 695, 700, 788, 799,

802, 807, 813, 863, 908, 920, 925
Itabirite deposits (see also Ferruginous

mica-schists), 113, 194, 626, 1054, 1060-

1062, 1092, 1109

Jactuinga deposits (see also Itabirite de-

posits), 616, 619, 623, 1061

Jamesonite, 86, 87, 543, 707, 1189
Jasper, 861, 1113

Joints and jointing, 64, 65
block, 64

cylindrical, 65

irregular polyhedral, 64
prismatic or columnar, 65
quadrangidar, 65, 1048
spheroidal, 05

Joints and jointing, tabular, 64
Juvenile springs, 135, 136, 935

Kaolinization, 134, 318, 362, 434, 526, 540,

582, 918
Kidney ore (.see also Botryoidal and Pencil

ore), 119, 789, 811, 838, 859
Kinks in the lode, 49, 1021

Klump, 983
Knotten ore-bed. (^ee Nodular lead deposits

Kolm, 1143

Korallenerz, 84. 460. 480
Krennerite, 76, 79, 80, 82, 543, 595
Kupferkniest, 1148

Kupferschiefer. »S^ee Copper-shale beds

Ladder lodes, 65, 616
Lake ore, 161, 192, 193, 977, 982-988,

1096, 1098, 1099, 1100, 1101, 1103
Lateral displacement, 7*, 17, 26, 28*, 32-

34, 48, 319, 434, 637, 690, 698, 787,

798, 856, 905, 1081

Lateral secretion theory, 148, 157, 186, 189,

190, 534, 736, 745, 770, 961, 963,

967
Lead, the metal, 154, 155, 156, 164, 168, 172,

206, 207, 208, 774
the ore, 86, 87, 774-776

native, 140, 1211

the deposits

—

lodes, 675, 750, 823, 1176
metasomatic, 738
ore-beds (see also Nodular lead de-

posits), 194, 195*, 1169-1180

Lead-copper lodes, 901

Lead-silver deposits-
lodes, 164, 214, 422, 434, 515, 523, 526,

529, 542, 550, 600, 649, 674, 675
metasomatic, 760-765

Lead -silver-coj:)per lodes, 901
Lead-silver-zinc deposits

—

contact, 121, 180, 399-402

lodes, 186-188, 210, 428, 532, 542, 650-

711, 944
metasomatic, 168, 530, 649, 717-773

Lead-zinc deposits—

-

contact, 398, 530
lodes, 8, 190, 652, 693-696, 700-703, 770,

793, 798, 799, 801, 870
metasomatic, 41, 43, 109, 114, 218, 770,

946
Lebererz, 84, 460, 480
Lievrite, 370, 410
Limonite, 92, 93, 674, 789, 808, 813, 814,

831, 839, 841, 844, 847, 991, 998, 1007
1016, 1021, 1028, 1046, 1052, 1069

deposits. See Iron deposits

lodes, 702

Pages 1-487 are contamed in Vol. I., and pages 515-1225 in Vol. II.
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Limoiiit€

—

continued

metasoniatic, 815-817, 821, 826-834,

847-850, 1075
ore-beds, 998-1000

LinnEeite, 97, 799, 946, 1136, 1140

Lithosphere, 147, 969

Lodes {see also Preface Vol. I.), 2, 13, 37-41,

966-972

age of, 67, 68

bedded, 40*, 617, 619, 626, 634, 877,

879, 901, 903, 904, 906
behaviour of, 70
composite, 37*, 38-40, 540, 542, 591, 593,

626, 650, 651, 695, 884

contact, 69, 350, 617
cross or dip, 62, 617, 626

deflection of, 48-50, 70, 714, 798

deviation of, 70, 716

differentiated (see also Preface Vol. I.),

243, 246*, 257*, 269
genesis of, 966-971

intrusive (see also Preface Vol. I,), 248,

280, 621

junctions, or intersections of, 70, 434,

545, 547, 626, 659, 664, 675, 679, 682,

686, 716, 745, 905, 971

oblique, 70
square, 70

simple, 37, 40, 542, 591, 599, 601, 651,

690, 786, 796
strike, 62
tectonic, 433, 547

Lode-series (see also Lode-systems), 69, 565,

601, 614, 631, 685, 688, 695, 786, 793
Lode-slate (see also Flucan and Preface

Vols. L and IL), 107*, 651, 695, 798
Lodestuff, 104-107

Lode-swarms, or groups, 69, 673, 700, 786,

793
Lode-systems (see also Lode-series), 69, 679,

698,700,714,715,750,884
LoUingite, 101, 404, 408, 822

Magmatic differentiation, 1, 13, 172-174,

242, 251-347, 362, 1098

Magmatic segregations, 1, 12, 13, 14, 111,

117, 173, 211, 242-347, 352, 978
metallic, 173, 243, 340-346

native copper, 345-347, 909
native gold, 345-347

nickeliferous iron, 341

nickel-iron, 340

platinum, 166, 342-345

oxide, 173, 243, 244-278

apatite-iron, 160, 173, 259-277, 1097,

1098

chromite, 173, 244-249, 344

corundum, 249, 287

Magmatic segregations

—

continued

iron, 14, 128, 173, 194, 259-277, 1054,

1097, 1098

niccolite and cliromite, 97, 299

rutUe, 277

titaniferous iron, 160, 173, 250-259,

269, 1054, 1097, 1098

sulphide, 173, 243, 278-340

bornite, 300, 943
intrusive pyrite, 173, 194, 301-340,

876, 878, 899, 920, 943, 978

nickel-pyrrhotite, 14, 96, 153, 155, 162,

165, 173, 205, 280-299, 312, 943, 946,

964, 965, 1134, 1136

Maguesite, 958
Magnesium, 152, 156

Magnetite, 92, 141, 261, 270, 273, 355, 362,

367, 377, 378, 791, 1057, 1069, 1078,

1094, 1166

lodes (see also Iron deposits), 791

Magnetite-quartz schists, 1056-1058, 1096

Magnetite-specularite deposits, 378-394

Malachite, 89, 90, 881, 915, 918, 919, 934,

1130, 1170, 1183, 1184, 1186

Manganese, the metal, 137, 153, 156, 160-

162, 168, 172, 206, 208, 851, 975, 981,.

1033, 1099

the ore, 94, 142, 197, 207, 1114, 1183

the deposits, 197, 1112

contact, 387-389

lodes, 142, 168, 212, 811, 851-862, 968,

1101

metasomatic, 862-869

ore-beds, 988-990, 1055, 1099-1112

Manganese bog and lake ore, 982, 984, 987,

1099, 1100, 1101, 1103

Manganese-iron ore and manganiferous iron

deposits. "See Iron-manganese
I\Ianganite, 94, 95, 790, 853, 859,867, 1112

Marc'asite, 104, 675, 679, 720, 721, 726, 727,

744, 927

Marine gravels, 17, 1190, 1191

sold, 1152, 1168, 1190, 1199, 1203, 1206,

1210

iron (see also Iron sands), 1045, 1046-1052

platinum, 1223

tin, 1190, 1192

Marhher, 1032

Mass action, 143

Matrix, 104-107

Melaconite (see also Tenoritc), 89, 90, 1183

Mercury. See Quicksilver

Metacinnabarite, 84, 457

Metals and elements

—

acidic, 157, 172

association of, 159-170, 654

basic, 157, 172

distribution of, 147-158

Pages 1-487 are contained in Vol. I., and jiages 515-1225 in Vol. II.
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Metalliferous content of rocks, 155, 346,

853, 936, 968, 981, 1052, 1099

Metal provinces, 527, 555, 573, 909
Metamorphism, 529, 911, 1111

contact-, 141, 178-180, 318, 349-411, 876,

979, 1098

dynamo-, 313

halurgo-, 691

hydro - thermal. See Hydi'o - thermal

action

pneumatolytic, 134

pressure-, 62, 142

regional-, 318, 1055

Metasomatic deposits, 6, 12, 13, 41-44, 113,

181, 530

antimony, 784
copper, 181, 907, 908-920, 943, 944

gold, 638-643, 1168

iron, 43*, 181, 197, 550, 812-850, 1054,

1096, 1098

iron-manganese and manganese, 41, 169,

862-869

lead-silver-zinc, 168, 530, 649, 717-773

lead-zinc, 41, 43, 109, 114, 218, 770, 946
limonite, 815-817, 821, 826-834, 847-850,

1075
pyrite, 923-928

silver, 765-768, 1168

zinc, 87, 109, 181, 214, 737, 738, 754, 759

Metasomatism, 5, 66, 142-144, 181, 193,

460, 717-773, 812-850, 851, 862-869,

904, 907, 916, 991, 1072, 1076, 1098,

1161

cementation-, 916

contact-, 180, 349

oxidation-, 627, 717, 718, 734, 740, 746,

756,816,836,916,924, 1187

Microscopic structure, 123-125, 652
Millerite, 283, 799, 946
Mimetesite, 848

Mimetite, 86, 87

Mineral association

—

antimony lodes, 777

auriferous conglomerates, 1161, 1221

copper deposits, metasomatic, 911, 915
native, 930, 934
lodes, 971-973, 894

copper-shale beds, 1124

fahlbands, 339, 1138

gold-silver lodes, young, 525, 540, 543,

568, 571, 581, 634, 651

iron deposits

—

contact, 377, 389
lodes, 799

metasomatic, 813
ore-beds, 1055'

lead-silver-zinc deposits, metasomatic,

720, 727, 737, 744, 753, 770, 772

Mineral a,^&oci&t\on~continued

lead - silver - zinc lodes, 656-658, 667, 669,

695, 699, 700, 703, 704, 707

manganese lodes, 853, 860

manganese ore-beds, 1113

nickel-cobalt arsenide lodes, 946
nickel-silicate deposits, 952

pjTite beds, 1142, 1146

quicksilver deposits, 458, 469

tin gravels, 443

tin lodes, 413, 418, 426, 433

uranium lodes, 715

Mineral formation, 126-146

manners of—

-

action of gases or vapours upon solid

bocUes, 131-135

crystallization or precipitation from
solution, 135-146

crystallization from molten silicate

solutions, 127-129

decomposition of gases and vapours by
heat, 130

mixing of two gases, 130

sublimation, 129

Mineralizing agents, 132

Alinette beds,"'l61, 197, 1001, 1002, 1003-

1012, 1091

Mofettes, 133, 540, 549

Molybdenite, 102, 449, 888, 892, 894, 901,

903, 1138

Molybdenum, the metal, 154, 208
the ore, 102, 207

Monazite, 103, 151, 152

Mulattos, 219, 583

Mullocky reefs, 616

Muscovite (potash-mica), 874, 902

Nagyagite, 76, 79, 80, 543, 545

Negrillos, 219, 583

Net structure, 802

Network, 69

NiccoUte, 95, 96, 97, 299, 667, 680, 907,

946, 948

Nickel, the metal, 139, 153, 156, 162, 172,

206, 208, 347, 873, 963-965, 981, 1099,

1100, 1136

the ore, 95-97, 205
the deposits

—

lodes, 1130

nickel-pyrrhotite deposits, 14, 96, 153,

155, 162, 165, 173, 205, 280-299, 312,

943, 946, 964, 965, 1134, 1136

nickel-silicate deposits, 950-963

Nickel-cobalt lodes {see also Sulphide and
Arsenical nickel-cobalt lodes), 162, 205,

223, 656, 945-949, 965

Nickel-iron deposits, 340, 341

Nodular copper deposits, 1184

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Nodular iron and manganese beds, 988-990

Nodular lead dejiosits, 194, 195*, 1169,

1172-1178

Oolitic iron-beds, 1000-1031, 1095, 1098
Oolitic structure (see also Concretionary

structure), 982, 1017, 1040, 1051

Opal, 104, 861

Ore and ores, 70-104

Ore-beds, 2, 12, 14-16, 192-194, 212, 973-981

antimony, 1187-1190

auriferous conglomerates, 203, 646, 1151-

1169
copper, 1169, 1182-1187

copper-sbale, 163, 194, 198, 649, 878, 944,

1115-1132, 1133

fahlbands, 1132-1141

iron, 979-1084

lead, 194, 195*, 1169-1180

manganese, 988-990, 1055, 1099-1112

pyrite, 212. 1141-1151

zinc, 1169-1172

Ore-chimneys (see also Bonanzas, Ore-

pipes, and -shoots), 36, 398, 473*, 545,

621, 640, 772, 842, 908
Ore-gravel {see also Gravel-deposits), 3

Ore-pipes (see also Bonanzas, Ore-chimneys,

and -shoots), 739, 740, 743, 745, 842,

908

Ore-shoots (see also Bonanzas, Ore-chira-

nej^s, and -pipes), 54, 408, 528, 545,

566, 594, 607, 609, 614, 659, 666, 686,

750, 752, 870, 886, 911

Ore-typhoons, 640

Orpiment, 101, 136, 777

Osmium (see also Platinum metals), 83,

342, 1161, 1214, 1225

Outcrops, 399, 602, 667, 719
Overthrusts and overthrusting, 17, 21-25,

48, 62, 318, 319, 688, 905, 925, 1079,

1081

Oxidation-metasomatism, 627, 717, 718,

734, 740, 746, 756, 816, 836, 916, 924,

1187
Oxidation zone, 10, 75, 76, 212, 215, 221

auriferous conglomerates, 1153

copper deposits, metasomatic, 908
copper lodes, 880-882, 886
gold lodes, old, 602, 626, 637
gold-silver lodes, j^oung, 83, 219, 528,

566, 569, 575, 585, 594, 595
iron deposits, metasomatic, 816
iron lodes, 789, 799, 800, 807

lead-silver-zinc deposits, metasomatic,

214, 215, 218, 717, 722, 765
lead-silver-zinc lodes, 654, 668, 716
pjTite deposits, intrusive, 321

tin lodes, 585

Paces, 219, 583
Paragencsis, seniority in age (see also

Mineral association), 339, 377, 406,

418, 427, 652, 662, 667, 686, 690, 691,

699, 714, 726, 734, 737, 745, 759. 808,

886, 919, 935, 971, 1133

Payability, 71, 544, 596, 613, 778, 787, 790,

816, 920, 924, 1010, 1035, 1039, 1142,

1143, 1192, 1193, 1214, 1218

Pea ore (see also Bean ore), 982, 991

Pencil ore (see also Botrj'oidal and Kidney
ore), 119

Pentlandite, 282

Perimagraatic minerals, 353
Petrographical provinces, 242, 256, 270, 564
Petzite, 76, 79, 80, 82, 543, 593, 595
Phosgenite, 86, 87, 754

Phosphorus, 151, 172, 1033
Pimelite, 95, 96
Pipe veins, the term, 68
Pitchblende, 102, 675, 679, 680, 081, 682,

707, 712, 713, 714, 715

Placers. See Gravel-deposits and Preface

Vol. I.

Plans, mine-, 50-60

Platinum, the metal, 139, 154, 155, 156,

165, 207, 208, 284, 342-344, 347

the ore, 83

native, 83

the deposits, 342-345, 347

gravels, 343, 344, 1190, 1213-1225

Platinum metals, 83, 154, 160, 283, 342,

1214, 1225

Plication. <S'ee Folds and folding

Pneumatohydatogenesis, 132, 352
Pneumatolysis, 132-134, 175, 344, 347, 352,

412, 417, 418, 419, 447, 1141

Pneumatolytic metamorphism, 134

Polianite, 94, 95, 867, 1048

Polybasite, 85, 525, 540, 571, 575

Polydymite, 283

Pressure-metamori^hism, 62, 142

Prices of metals and ores

—

aluminium, 208
antimony, 208, 778

arsenic, 208
bismuth, 208
cadmium, 208
chromium, 208
cobalt, 208
copper, 208, 939
iron, 208
lead, 208, 774
manganese, 208
molybdenum, 208
nickel, 208, 964

platinum, 208, 345, 1215, 1216

quicksilver, 208, 463, 468

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Prices of metals and ores

—

continued

rutile, 208

silver, 208

suli)hur, 208
thorium, 208
tin, 208
tungstic acid, 208
zinc, 208, 774

Primary zone, 10, 75, 221

copper lodes, 883, 894

gold lodes, old, 602, 625, 637

gold-silver lodes, young, 594

lead-silver-zinc deposits, metasoniatic,

218, 721

lead-silver-zinc lodes, 214, 652, 653, 679,

696

pyrite beds, 1142

uranium lodes, 714
Production of metals and ores, figures of

—

aluminium, 207
antimony, 207, 778
arsenic, 207, 668
bismuth, 207, 681

cadmium, 207

chromium, 207

cobalt, 207, 668, 947

copper, 207, 327, 436, 887, 889, 890, 893,

895, 897, 899, 900, 911, 912, 932, 939-

944, 1127, 1184

gold, 207, 538, 539, 544, 552, 554, 574,

585, 598, 643, 644-646, 893, 1164

iron, 207, 391, 392, 810, 834, 988, 1011,

1012, 1024, 1070, 1084-1099

lead, 207, 539, 574, 699, 730, 756, 771,

774-776, 1178

manganese, 207, 1114

molybdenum, 207
nickel, 207, 293, 668, 947, 956, 963-965

platinum, 207, 1219, 1223
pyrite, 303, 326, 327
quicksilver, 207, 463, 468, 470, 475, 478,

482, 485
silver, 207, 538, 539, 552, 556, 574, 583,

585, 647-649, 668, 675, 699, 730, 893,

1127

tin, 207, 424, 436, 443, 444, 585, 1194
uranium, 682
wolfram, 207
zinc, 207, 699, 730, 756, 771, 774-776

Propylite and propylitization, 134, 143,

185, 518-522, 531, 540. 571, 589,

590
Proustite, 85, 86, 525, 540, 575, 581, 662,

673, 885

Pseudo-brecciated structure. See Brecci-

ated structure

Psilomelane, 94, 95, 789, 854, 859, 865,

1107, 1110

Pyi-argyrite, 85, 86, 525, 540, 542, 575, 581,

673, 690, 885

Pyrite, 104, 215, 457, 651, 657, 673, 720,

727, 735, 763, 802, 920, 927, 975, 1136,

1138, 1141, 1148, 1161, 1166, 1209

argentiferous, 85, 673, 715

auriferous, 76, 602, 607, 610, 612, 622,

636, 715

cobaltiferous, 97

cupriferous, 89, 90, 119, 301-340, 889,

897, 899, 943

nickeliferous, 95
stanniferous, 99
deposits, 108, 160, 163, 165, 199, 213, 215,

631, 633, 878, 889, 899

intrusive, 173, 194, 301-340, 876, 878,

899, 920, 943, 978, 1134

lodes, 920-923

metasomatic, 923-928

ore-beds, 212, 1141-1151

Pyritization, 635, 1161

P^olusite, 94, 95, 790, 799, 853, 855, 859,

865, 867, 1048, 1107, 1110

Pyromorphite, 86, 87, 541, 702, 735, 764

Pyrosphere. See Barysphere

Pyrrhotite, 104, 301, 620, 623, 625, 627,

889, 923, 1136, 1138, 1171

cobaltiferous, 97

cupriferous, 89, 90

nickeliferous (see also Nickel-pyrrhotite

deposits), 95

Quartz, 104, 105, 149, 413, 522, 531, 588

629, 642, 651, 680, 686, 707, 780, 781,

800, 801, 968

auriferous, 601, 607, 611, 615, 618, 620,

623, 625, 628, 629, 638, 642

Quartz-copper lodes, 874, 875, 879, 891

Quartz-silver lodes, 655, 657, 673, 674

Quartz-tourmaline lodes, 637

Quartz-tourmaline-copper lodes, 874, 877,

879
Quicksilver, the metal, 84, 154, 156, 169,

206, 207, 208, 657

the ore, 84, 204

native, 456, 457, 470, 487

the deposits, 182, 185, 190, 204, 456-487,

530, 657, 909, 970
Quicksilver-tetrahedrite, 84, 482, 657

Radium, 102, 154, 711, 1143

Rare metals and earths (see also Platinum
metals), 103, 151, 152, 154, 160, 162,

163, 675, 1195

Realgar, 101, 737, 777

Reefs, 602, 651

mullocky, 616
saddle, 63, 399, 401, 611

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Regional-metamorphism, 318, 1055
Reniform structure, 215, 788, 995
Replaceineut veins, the term, 885
Residual enrichment theory, 1030
Rhodochi-osite, 94, 95, 544, 658, 764, 885,

1048

Rhodoehrosite -rhodonite deposits, 852,

1112

Rhodonite, 94, 95, 400, 523, 544, 658, 764,

860, 885, 1112

Risse, 427
Rock inchisions, 71, 107, 650, 651, 686, 703,

721, 788, 790, 799
Bubio, 831, 832, 834
Bubio Avenado, 831, 832
Buscheln, 686

Rutile, 208, 277, 454

Saddle reefs or lodes, 63, 399, 401, 611

Scapolitization, 135, 176, 420, 455
Schalenblende, 720, 721, 727, 733, 737, 740
Scheelite, 102, 406, 413, 634, 894, 903
Schuchardite, 95, 96, 950, 961

Schwebende, 679
Secondary enrichment (see also Sulphide

enrichment), 10, 210, 323, 528, 580,

752, 807, 863
Sediments. See Ore-beds
Sedimentation, 192-194, 971-1084, 1099-

1113

Selenide gold, 76, 83, 188, 589, 595
Selenite, 469, 470, 472, 522, 531, 547, 568,

738, 779

Selenium, 150, 166, 525, 571, 589
Selvage, 38
Senarmontite [see also Valentinite), 101,

778, 1189

Serpentinization, 952, 958
Siderite, 73, 92, 93, 106, 161, 215, 547, 622,

651, 653, 656, 695, 700, 787, 790, 793,

799, 807, 812, 820, 822, 823, 830, 835,

839, 841, 844, 1019, 1024, 1032, 1034.

See also Iron deposits

lodes (see also Cupriferous siderite lodes),

7, 116, 211, 213, 655, 787-791, 792-809,

948, 949, 1097

metasomatic, 817-834, 844
SilberscJnefer, 479
Silica (see also Chalcedony. Ojial, and

Quartz), 104, 107

Silicate solutions, 127, 128, 278, 339, 773,

801

Silicification, 519, 540, 582, 584, 635, 640,

787, 788, 903, 905
Silicon (see also Silica), 151

Silver, the metal, 154, 155, 156, 163-165,

168, 169, 206, 207, 208, 284. 533, 647-

649, 872, 921, 1116, 1142, 1170

Silver

—

con tinned

the ore, 85, 202

native,, 85, 86, 125*, 131, 132*, 139,

140, 540, 543, 575, 655, 661, 662,

667, 669, 673, 679, 680, 690, 764, 931,

937, 938, 1124, 1172, 1191

the deposits

—

lodes, 164, 185, 214, 517, 523, 524, 526,

527, 529, 555, 570-585, 586, 646, 660-

669, 675, 677, 688-692, 885, 886, 893,

896

metasomatic, 765-768, 1168

Silver-cobalt lodes, 655, 656, 666-669, 675,

677-683, 945

Silver-cobalt-bismuth lodes, 423, 656, 680,

1137

Silver-cobalt-urauium lodes, 655

Silver-copper lodes, 526, 870, 882, 892
Silver-gold lodes. See Gold-silver lodes

Silver-lead deposits. See Lead-silver de-

posits

Silver-lead-zinc lodes. See Lead-silver-ziuc

lodes

Silver-tin lodes. See Tin-silver lodes

Simple lodes, 37, 40, 542, 591, 599, 601, 651,

690, 786
Skutterudite, 97, 1135, 1138

Smaltite, 97, 169, 667, 680, 682, 946, 949,

1135, 1140

Smaragdite, 451

Smithsonite. ^ee Zinc carbonate

Soffioni, 133

Solfataras, 133, 464, 465, 540

Specularite, 92, 270, 273, 355, 370, 378,

674, 798, 802, 1059, 1061, 1078

Speise, 1124, 1129

Sphffirosiderite, 1019, 1031

Sphalerite, 87, 218, 400, 410, 545, 547, 651,

673, 674, 686, 690, 695, 699, 700, 717,

726, 735, 744, 748, 763, 770, 772,

911

argentiferous, 85

Springs (see also Hot springs and Hydro-
thermal action), 135, 1100, 1183

Stahlerz, 84, 480

Stannite, 99, 433, 582, 709

Step-faulting, 28, 63, 70, 1008

Stephanite, 85, 86, 525, 540, 561, 571, 581,

885

Stiblite, 101, 778, 779, 785

Stibnite, 101, 458, 474, 540, 603, 626, 777,

779-785, 1187, 1189

auriferous, 76

Stock, 35
Stockworks, 64, 69, 417, 425, 433, 440,

680
Strike fissures and lodes, 62, 63

Strom eyerite, 85

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Structure of ores, 108-125, 652

banded (.see also Crusted and combed),

111-117, 308, 350, 377, 380, 447, 453,

686, 695, 799, 911, 919, 925, 959, 966,

978, 1034, 1054, 1145

bedded, 1171

brecciated and pseudo-brecciated, 117,

118*, 261, 273, 275, 284, 302, 377,

433, 478, 545, 576, 608, 695, 721, 734,

741, 754, 788, 813, 853, 856, 863,

1046

cellular, 721

combed (see, also Banded and crusted),

532, 675

compact, 120, 399, 780, 853

concretionary (see also Oolitic), 982, 987,

994, 998, 1002, 1017. 1108

crusted and concentric crusted {see also

Banded and combed), 111-117, 176*,

417, 441, 453, 532, 589, 607, 652, 675,

686, 700, 707, 720, 721, 735, 740, 780,

788, 799, 802, 813, 853, 874, 885, 966

drusy (see also Vuggy), 118-120, 122*,

123*, 215, 788, 808, 831, 1176

irregular coarse, 109-111, 399, 599, 607,

652, 686, 695, 700, 788, 798, 802, 807,

813, 863, 908, 920, 925

microscopic, 123-125, 652

net, 802
oolitic (see also Concretionary), 982,

1017, 1040, 1051

reniform, 215, 788, 995

stemmed, 622

vnggy (see also Drusy), 690, 695, 853, 885

Subsidences (see also Preface Vol. II.), 29,

796, 1008

Sulphide cobalt - nickel lodes (see also

Arsenical cobalt-nickel lodes), 162,

223, 965
Sulphide enrichment (see also Secondary

enrichment), 216, 886, 894
Sulphide lead-copper lodes, 673, 674

Sulphide lead-zinc lodes, 190, 674, 680
Sulphide quartz-lead lodes, 655, 656, 657,

659

Sulphur, the element, 136, 150, 166, 208,

278-340, 667

the ore, 73, 104

native, 104, 208, 216
deposits, 133, 190

Sweet springs, 135

Sylvanite, 76, 80, 82, 543, 545, 565, 595
S}'ncluial fissures, 62
Synclines, 17-20

Syngenetic deposits, 12, 13-34

Tectonic depressions. See Subsidences and
Preface Vol. II.

Tectonic elevations. See Uplifts and Preface

Vol. II.

Tectonic fissures and lodes, 61, 62, 433, 518.

547, 798
Telluride gold, 79-8.3, 169, 188, 525, 543,

593, 595, 603, 764

Telluride lodes, 40, 83, 169, 525, 563-566,

1202, 1204. 1205

Tellurium, 151, 166, 167, 169, 184, 715

Temperature, 136, 278, 517, 562, 933, 966,

1165

critical, 132, 133, 147, 353, 419, 934, 967

Tenorite (see also Melaconite), 881, 894

Tension fissures, 63

Tetrahedrite, 89, 90, 525, 540, 581, 599,

870, 872, 894, 907

argentiferous, 85, 86

quicksilver, 84, 457, 482, 905

Thorium, the metal, 152, 172, 208

the ore, 103

Thuringite, 92, 94

beds, 1032, 1039-1044, 1096, 1098

fin, the metal, 154, 156, 167, 169, 206, 207,

208, 417, 41 8, 6.57, 709, 873, 911, 921,

981

the ore, 99, 205, 423

wood-tin, 99, 217, 548, 582, 921

the deposits

—

contact, 405-411, 909

gravels, 4*, 16*, 205, 423, 431, 436,

437-446, 1190, 1192-1197

lodes, 134, 143, 175. 186, 190, 204, 205,

211, 217. .352, 412-431, 441, 444-448,

516, 583, 657, 674, 870, 968, 970

Tin-copper lodes, 167, 209, 216, 421, 423,

431-436, 870, 874, 878

Tin-rock, 416

Tin-silver lodes, 185, 205, 217, 423, 526,

580-583

Tin-wolfram lodes, 421

Titaniferous-ii'on deposits, 160, 173, 250-

259, 269, 1054, 1097, 1098

Titaniferous-iron sands, 1052-1054, 1096

Titanium, 151, 167, 172

lodes, 135, 422

Topaz and topazification, 415

Torrsten, 276, 382, 390

Torsion fissures, 63

Tourmaline and tourmalinization, 184, 433,

445, 603, 620, 808, 870, 873, 874, 892,

893, 894, 902, 903, 947, 1166, 1193

Transverse fissures, 62, 63

Trough subsidences. See Subsidences and

Preface Vol. II.

Tungsten. 5ee Wolfram
Tungstic acid, 208

Types of deposit

—

Australian-Californian, 630

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.
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Types of deposit

—

contimied

Clausthal, 946

Cornish, 431, 441

Hunsruck, 812

Potosi, 548, 582

Raibl, 738
Saxon, 425, 430, 441

Scheninitz, 582
Schwarzenberg-Persberg, 401

Uplifts (see also Preface Vol. II.), 29, 1008

Uranium, the metal, 154, 160, 166, 172

the ore, 102, 681, 679

lodes, 655, 711-716

Uranium-ochre, 102, 712

Uranium-silver-gold lodes, 715

Uranium-silver-nickel-cobalt lodes, 713-715

Uranium-tin lodes, 713

Vadose springs, 135, 136

Valentuiite {see also Senarmontite), 101,

778, 1190

Vanadium, 153, 167

Veins (see also Preface Vol. I.), 68, 568

chambered, 68

fissure- (see also Preface Vol. I.), 877

gash, 68

pipe, 68
replacement, 885

Vena, 831, 832, 834

Vertical displacement, 17, 31, 32, 48, 637,

698, 787, 905

Vitriol ores, 73, 74, 1151

Vivianite, 74, 75, 987, 1023

Vuggy structure (see also Drusj' structure),

690, 695, 853, 885

Wad, 94, 95, 789, 859, 867

Weathering, 144-146, 212-214, 423, 602.

787, 789, 791, 815, 823, 845, 953, 954,

956, 962, 981, 991, 995, 998, 1000, 1039,

1043, 1099, 1103, 1130, 1143, 1175,

1190
Willemite, 87, 733, 735, 759

Witwatersrand conglomerate (see also

Auriferous conglomerates), 203, 646,

1151-1165

Wolfram, the metal (tungsten), 166, 172

the ore, 102, 207

lodes, 421, 431, 448-450

Wolframite, 102, 413, 428, 431, 433, 448,

1193

Wolframite-quartz lodes, 448

Wood-tin, 99, 217, 548, 582, 921

Wurtzite, 674, 720

Ziegelerz, 480
Zimmermann's rule, 23, 26*, 30

Zinc, the metal, 154, 155, 156, 162, 168,

172, 206, 207, 208, 774, 1099, 1117,

1130

the ore, 87, 774-776

the deposits, metasomatic, 87, 109, 181,

214, 737, 738, 754, 759

ore-beds, 1169-1172

Zinc-lead-copper lodes, sulphide, 190, 674,

680
Zinc-manganese deposits, 394-396

Zinc oxidized ore, 720, 727, 728, 737, 740,

750, 753, 754, 758, 927

carbonate, 87, 145, 162, 401, 548, 722,

726, 733, 735, 740, 744, 7.50, 755, 770,

910, 911

hydrosilicate, 87, 145, 162, 726, 733, 735,

744, 750, 755

Zincite, 87

Zinc-spinel, 339

Zinopel, 540, 541

Zircon, 151, 261, 276, 1161, 1166

Zwitter, 416

Pages 1-487 are contained in Vol. I., and pages 515-1225 in Vol. II.

EXD OF VOL. II

Printed l/y R. & R. Clark, Luuted, Edinburgh.



THE DEPOSITS
OF THE

USEFUL MINERALS & ROCKS
THEIR ORIGIN, FORM, AND CONTENT

BY

Prof. Dr. F. BEYSCHLAG, Prof. J. H. L. VOGT, and

Prof. Dr. P. KRUSCH.

Translated by S. J. TRUSCOTT.

/;/ 3 vols. Illustrated. Zvo.

Previously Published.

VOL. I. 18s. net.

ORE-DEPOSITS IN GENERAL—MAGMATIC SEGREGATIONS
—CONTACT-DEPOSITS—TIN LODES—QUICKSILVER LODES.

SOME PRESS OPINIONS.

NATURE.—"A special feature of the work is the abundance and excellence of the
illustrations. Each section is preceded by a bibliography, and the value of the book as a

work of reference is thus greatly increased. Mr. Truscott has done his work so well that

in reading the book one is apt to forget that it is a translation."

KNOWLEDGE.— " It can unhesitatingly be said that the authors have succeeded in

their difficult task, and it is impossible to praise too highly the skill with which they have
correlated the great accumulation of evidence. Furthermore, they have been eminently
successful in their presentation of the genetic principles, and have shown that this branch
of geology has a considerable claim to rank as a rational science. . . . The value of the

book is enhanced by a large number of excellent illustrations indicative of the geological
structure of the various deposits. ... A most useful and readable book, which can be
thoroughly recommended to all interested in the subject."

SCIENCE PROGRESS.—"The illustrations are numerous and excellent. Mr.
Truscott is to be congratulated on this translation which makes available to English-
speaking students the latest and finest Continental work on ore-deposits. We shall look
forward with pleasure to the continuation of his work."'

ATHENMUJM.—"Mr. Truscott's work as translator has been performed with
conscientiousness and judgment."

MINING MAGAZINE.— " On the accomplishment of this self-imposed task Mr,
Truscott deserves the congratulations and thanks of English-speaking geologists and
engineers. . . . The work of translation has been admirably done. The sense of the
original has been clearly brought out, and the rendering into English is excellent."

MACMILLAN AND CO., Ltd., LONDON.
I



STANDARD WORKS ON

GEOLOGY AND MINERALOGY

THE WITWATERSRAND GOLDFIELDS:

BANKET AND MINING PRACTICE

With an Appendix on the Banket of the Tarkwa

GoLDFiELD, West Africa

By S. J. TRUSCOTT

With numerous Illustrations. Third Edition.

Super Royal 8vo. 30s. net.

SOUTH AFRICA.— " The author has been at immense pains to bring together interesting

data concerning the colossal work of crushing and extracting the gold from the Witwatersrand

Banket. . . . The chapters on prospecting and mining will convey useful hints even to the

oldest and most initiated heads, while the sections dealing with machinery, such as winding

appliances, pumps and pumping, air compressors, rock drills, and other mechanical adjuncts,

may be profitably perused by home manufacturers. . . . We wish it all the success it un-

doubtedly deserves.

MINING JOURNAL.— " It can be highly recommended to mining engineers and students

all over the world, and more especially to those connected with mining on the Witwatersrand.

It should be added that the get-up of the whole work in general, and the quality of the illustra-

tions in particular, are in every way worthy of the reputation of the famous house that has

published it."

GOLD MIxNES OF THE RAND. By Frederick H.
Hatch (Mining Engineer) and J. A. Chalmers (Mining Engineer).

With Maps, Plans, and Illustrations. Super Royal 8vo. i 7s. net.

GEOLOGY OF SOUTH AFRICA. By Dr. F. H.
Hatch and Dr. G. S. Corstorphine. Illustrated. Second Edition.

8vo. 2 IS. net.

GOLDFIELDS OF AUSTRALASIA. By K. Schmeisser.

Translated and Edited by Prof. Henry Louis. Illustrated. Medium

8vo. 30s. net.

CANADA'S METALS. A Lecture. By Sir W. C.

Roberts-Austen, F.R.S. Svo. 2s. 6d. net.

MACMILLAN AND CO., Ltd., LONDON.
2



STANDARD WORKS ON

GEOLOGY AND MINERALOGY

MINERALOGY. An Introduction to the Scientific Study
of Minerals. By Sir H. A. Miers, F.R.S. 8vo. 25s. net.

MINERALOGY. By Prof. A. H. Phillips, D.Sc. 8vo.

1 6s. net.

A TREATISE ON ORE DEPOSITS. By J. Arthur
Phillips, F.R.S. Illustrated. Second Edition. Revised by Prof.

Henry Louis. 8vo. 28s.

CRYSTALLOGRAPHY AND PRACTICAL
CRYSTAL MEASUREMENT. By A. E. H. Tutton, D.Sc, F.R.S.

Illustrated. 8vo. 30s. net.

TEXT-BOOK OF GEOLOGY. By Sir Archibald
Geikie, K.C.B. Illustrated. Fourth Edition. 2 vols. Medium
8vo. 30s. net.

GEOLOGY AND GEOGRAPHY OF NORTHERN
NIGERIA. By J. D. Falconer, D.Sc. With Notes by the late

Arthur Longbottom, B.A., and an Appendix by Henrv Woods,

M.A. Illustrated. 8vo. los. net.

THE GEOLOGY OF NOVA SCOTIA, NEW BRUNS-
WICK, AND PRINCE EDWARD ISLAND; OR, ACADIAN
GEOLOGY. By Sir J. W. Dawson, LL.D., F.R.S. Fourth Edition.

Bvo. 2 IS.

A TREATISE ON ROCKS, ROCK-WEATHERING,
AND SOILS. By Prof. George P. Merrill. 8vo. 17s. net.

POPULAR LECTURES AND ADDRESSES.
Vol. II. GEOLOGY AND GENERAL PHYSICS. By Lord
Kelvin. Crown 8vo. 7s. 6d.

MACMILLAN and CO., Ltd., LONDON.

3



SOME STANDARD WORKS ON

METALLURGY AND CHEMISTRY

A HANDBOOK OF METALLURGY. By Dr. Carl
ScHNABEL. Translated by Prof. H. Louis. Second Edition. Medium
8vo, Vol. I. 25s. net. Vol. II. 21s. net.

A HANDBOOK OF GOLD MILLING. By Prof.

Henry Louis. Third Edition. Crown Svo. los. net.

A COMPLETE TREATISE ON INORGANIC AND
ORGANIC CHEMISTRY. By The Right Hon. Sir H. E. Roscoe,

F.R.S., and C. Schorlemmer, F.R.S. Svo.

Vol. I. THE NON-METALLIC ELEMENTS. Fourth Edition.

Revised by Sir H. E. Roscoe, assisted by Dr. J. C. Cain. 21s. net.

Vol. II. THE METALS. Fifth Edition. Revised by Sir H. E.

Roscoe and others. 30s. net.

INDUSTRIAL CHEMISTRY FOR ENGINEERING
STUDENTS. By Prof. Henry K. Benson, Ph.D. Crown Svo.

8s. net.

BLOWPIPE ANALYSIS. By Frederick Hutton Get-
man. Globe Svo. 2s. 6d. net.

BLOWPIPE ANALYSIS. By J. Landauer. Third
Edition. Translated by J- Taylor. Globe Svo. 4s. 6d.

A TEXT-BOOK OF ELECTRO-CHEMISTRY. By
Prof. Max Le Blanc. Translated from the 4th enlarged German

Edition by Willis R. Whitney, Ph.D., and John W. Brown, Ph.D.

Svo. IIS. net.

ACHIEVEMENTS OF CHEMICAL SCIENCE. By
James C. Philip, M.A., D.Sc. Globe Svo. is. 6d.

APPLIED ELECTRO-CHEMISTRY. By Prof. M. de
Kay Thompson. Svo. 9s. net.

OUTLINES OF INDUSTRIAL CHEMISTRY. A
Text- Book for Students. By Frank Hall Thorp, Ph.D. Svo.

1 6s. net.

r MACMILLAN AND CO., Ltd., LONDON.

4







TO
263
B53
V.2

Beyschlag, Franz Heinrich

August
The deposits of the useful

minerals & rocks

PLEASE DO NOT REMOVE

CARDS OR SLIPS FROM THIS POCKET

UNIVERSITY OF TORONTO LIBRARY

tiitiiiiiiiniiiiii




