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PREFACE.

THE object of my text-book is to assist students in acquiring
a knowledge of the art of mining. Books and lectures are
not intended to take the place of practical teaching at mines ;
but they render the training more thorough and complete
in many ways: they serve to explain the principles of the
art, to solve difficulties which perplex the beginner, to
suggest matters which he \'hould observe, to tell him of
things beyond his ken, and to supply him with a system for
arranging his ideas methodically.

It will be seen by my numerous references that I have not
hesitated to avail myself of very varied sources of informa-
tion, and that I have taken care to avoid dwelling too much
upon English examples.

As far as possible I have set my face against the indis-
criminate use of the local slang of any particular district.
Mining is quite difficult enough without introducing unneces-
sary technical terms, and if words which are generally under-
stood by English-speaking nations will express our ideas
clearly, it is far better to employ them than to fall back upon
provincialisms which vary from one district to another; on
the other hand, certain expressions may sometimes recommend
themselves by reason of their pithiness, for adoption into our
tongue.

Within the limits of this preface it is impossible to name
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vi PREFACE.

all the persons to whom I am indebted for matter contained
in this volume. Many useful facts have been picked up
while visiting mines at home and abroad, and in the course
of conversation with my colleagues. I therefore gladly
record my obligations to mining men generally, whom I
have invariably found ready to give me the benefit of their
experience.

I have to thank the Council of the Institution of Civil
Engineers, the Council of the Institution of Mechanical
Engineers, the Editors of Engineering and of the Engincering
and Mining Jowrnal, M. Paulin Arrault, Mr. Augustus Bowie,
Mr. William Galloway, Messrs. Letcher and Michell, and
others, for permission to reproduce some of their figures. A
few of the blocks have been borrowed from Mr. Hughes’
“Text-book of Coal Mining.”

Mr. J. G. Lawn and Mr. L. H. Cooke have given me
valuable assistance in correcting proofs, and the former espe-
cially has saved me from some of the pitfalls which beset the
path of an author who is passing a book through the press.
The very full index prepared for me by Mr. S. W. Price will
facilitate reference to my pages.

LLANDUDNO, NORTH WALES,
May, 1894.
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ERRATA ET CORRIGENDA.

Page 36, line 10 from bottom, for “ Kearsage ” read * Kearsarge.”
n 36, » 18 » o 333590007 »  **33,350,000.”
o R e (77 5 R “ Healey ” 5 “Beal”
MEIS2, 0 A0 % 2y “ Githen” 5 “Githens.”
1200, 1 L7 % - ¢ Nobel” , ‘“Noble.”
» 311, ,, 4 from top “ detachod ” ,  “detached.”
50y e ] 2 oy “Biittengenbach’ ,, ‘ Biittgenbach.”
» 675, owing to an error in the original, the scale is incorrect, and the

readings should be multiplied by 1}.
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INTRODUCTION.

THE art of mining, in the broadest sense of the word, consists of
the processes by which the useful minerals are obtained from
the earth’s crust. This definition is wide, for it includes under
the term ““mine” both open and underground excavations; but
it excludes subterranean workings which are simply used as
passages, such as railway tunnels, sewers, and galleries for military
purposes.

The word ‘“mine” is derived from a low-Latin verb meaning
to lead, and equivalent to ¢ ducere;” we have the French word
““ mener,” from the same source. No doubt originally the mineral
deposit itself was called the “mine” or ‘“lead,” and this signifi-
cation has not been entirely lost, for we still find the word “ mine ”
used as a synonym for “seam” in the case of coal and ironstone.

I must remark that the word ¢ mine,” or its equivalent in
other languages, varies in signification in different countries on
account of legal enactments or decisions which define it. In the
United Kingdom it is the nature of the excavation, and not the
nature of the mineral, which decides whether the workings are a
mine or not. For legislative purposes the term ‘“mine” is restricted
to workings which are carried on below ground by artificial light ;
but in common parlance this rule is not observed, and the word
used depends upon the mineral itself. Thus the underground
workings for building stone near Bath, and for slate at Festiniog,
are usually spoken of as quarries, but are treated legally as
mines.

In Belgium, France, and Italy, on the other hand, the work-
ings for mineral are classified according to the mineralogical
nature of the substance wrought. The French law of 1810 makes
three classes of workings: mines, miniéres, and carriéres. Deposits
of gold, silver, lead, copper, sulphur, coal, and beds or veins of
iron ore form mines. Under the head of miniéres, for which we
have no equivalent word in English, are included bog iron ore,
pyritous earths fit for working, sulphate of iron, aluminous earths

and peat, whilst the carriéres, or quarries, comprise workings for
A
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stone, clay, sand, etc., whether above or below ground. The
statute of 1866 has assimilated the miniéres to the quarries, and
the law now becomes very like that of Italy (1859), which distin-
guishes simply mines (miniere) and quarries (cave). Deposits con-
taining metallic ores (excepting metal-bearing sand or earth),
sulphur, bitumen, coal, or lignite are worked as ¢ mines,” whilst pits
from which sand and gravel are obtained become legally “quarries.”
The consequence is that what is merely an underground stone
quarry in France would be a mine in England; whilst open
workings for iron ore, such as those of Northamptonshire, would
be true mines under the French or Italian laws.

In a general text-book upon mining, it is therefore necessary to
go beyond the British definition of a mine and to include the
methods of working minerals in excavations open to the daylight,
as well as in those which are purely subterranean.

The mining of coal is a subject of so much importance,
especially in this country, that it requires a special treatise;
this has been prepared by my friend, Mr. H. W. Hughes,* and
my task consists in describing the methods of winning and work-
ing all other useful minerals, whether solid, liquid, or gaseous.
Furthermore, as it is customary for the miner to cleanse or pre-
pare his ore or stone for sale, I shall explain the processes which
are usually carried on at the mine, and can be fairly included
under the convenient term ‘‘dressing.” Finally, a few remarks
will be made concerning legislation affecting mines in the United
Kingdom, the condition of workmen, and the accidents to which
they are exposed.

The subject has been divided into the following chapters:—

(1) Occurrence, or manner in which the useful minerals are
found in the earth’s crust.

(2; Prospecting, or search for minerals.

(3) Boring.

(4) Excavation.
(5) Supporting excavations.
(6) Exploitation, or working away of minerals.
(7) Haulage, or transport along roads.
(8) Winding, or hoisting in shafts.
(9) Drainage, or removal of water.
(10) Ventilation.
(11) Lighting.
(12) Descent and ascent.
(13) Dressing. .
(14) Principles of employment.
(15) Legislation.
(16) Condition of workmen.
(17) Accidents.

* A Text-Book of Coal Mining, London, 1892.
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CHAPTER I.
MODE OF OCCURRENCE OF MINERALS.

Classification of mineral repositories.—Beds.—Veins.—Masses.-—Causes
affecting the productiveness of veins.—Theories concerning the
formation of veins.—Examples of mineral deposits arranged alpha-
betically.—Faults or dislocations.

CLASSIFICATION.—Various conditions may be taken as
the bases of classification of the rocks which form the crust of the
earth. One striking characteristic is the presence or absence of
beds or layers. A rock made up of parallel beds, or layers, or strata,
is said to be stratified ; a rock in which no such structure exists
is called unstratified. 'When we examine the stratified rocks
closely, we find that, as a rule, they have been formed at the
bottom of seas, lakes, or rivers by the gradual deposition of
sediment, by precipitation from solutions, and by the growth or
accumulation of animal or vegetable organisms. As instances
may be cited beds of sandstone or clay, formed by particles of
sand or mud settling down in water; beds of rock salt, resulting
from the gradual drying-up of inland seas; beds of limestone,
formed out of old coral reefs; beds of coal, due sometimes to plants
growing upon the spot and sometimes to plants washed into
lakes or estuaries.

The unstratified rocks are frequently crystalline. In the
case of recent volcanoes we see molten rocks issuing forth from
the earth, spreading over it, and consolidating into a crystalline
mass, and we may fairly assume that many of the crystalline
rocks now met with at the surface were at one time in a soft fused
condition. Internal evidence leads to the belief that the process of
consolidation often took place at a very great depth, and on this
account geologists have subdivided the crystalline unstratified
rocks into wolcanic, which hardened like recent lavas near the
surface, and plutonic, which became solid under the heavy pressure
of thick masses of superincumbent strata.

One class of crystalline rocks has given rise to much contro-
versy, viz., the rocks in which the crystals of the constituent
minerals are arranged in roughly parallel Jayers. The rock has a
flaky structure, and is known as a crystalline schist. Some
crystalline schists have all the appearance of being altered sedi-

. REESE_LIBRARS

PP T e
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mentary strata ; in others the foliated structure is considered to
be the result of pressure upon pre-existing crystalline rocks.
‘We therefore may classify the principal rocks as follows :

1. Stratified

Sedimentary origin.
{ Chemical origin.
Organic origin.

" Voleanie.
2. Unstratified . { T

The crystalline schists must be placed in one or other of these
two great divisions, according as they are looked upon as an
altered form of stratified or of unstratitied rocks.

This classification is not entirely satisfactory. For instance it
separates two of the products of a volcano. Volcanic ash falling
into the sea will settle down and form a stratified rock, whilst
the lava issuing from the same vent is unstratified. Again it
does not include sea-water, an important source of salt. How-
ever, for the purpose of the miner a simple classification is
advisable, and it will be found sufficient for his purpose so long
as it is recollected that occasional anomalies must be expected.

Any one of the five classes of rocks just mentioned may be
extracted from the crust of the earth for commercial purposes.

Among the bedded or stratified rocks coal is the most im-
portant, but in addition we have beds which are commercially
valuable on account of the metals they contain, such as copper,
gold, iron, lead, manganese, silver, and tin, or precious stones such
as diamonds, garnets, rubies and sapphires ; other valuable beds
are native sulphur, rock-salt, and innumerable kinds of stone for
building, decoration, paving and road-making, clays for making
pottery and cement, oil-shale and alum-shale.

From the unstratified rocks we obtain supplies of stone for a
great variety of purposes.

In addition to mineral deposits, which consist mainly of
original constituent members of stratified or unstratified rocks,
we have a third important class in which the repository of the
valuable mineral has come iuto existence subsequently to the
consolidation of the rocks which surround it. If the repository
is, roughly speaking, tabular or sheet-like, it is called a mineral
vein or lode, and if in any other form it is a mass.

Hence the series of mineral repositories might be classed
according to their origin as follows:

. e ( Stratified.
EHuaary ORIFM, (i | Unstratified.
Veins.

Secondary origin . { Masses
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But even here we encounter difficulties, for unstratified rocks
sometimes cecur in the form of veins; besides which primary
origin is not a term which is strictly applicable to beds formed
from sediment which consists of fragments of other rocks.

It is not unnatural, therefore, that outward form should have
been chosen as a convenient basis of classification, and accordingly
mineral repositories have been separated into :

Tabular or sheet-like . | * Beds.
1 2. Veins,

Non-tabular = . 3. Masses.

TABULAR DEPOSITS.—These are repositories which have
a more or less flattened or sheet-like form. They may be divided
according to their origin into (1) beds or strata; (2) mineral
veins.

(1) Beds.—The characteristic feature of a bed or seam is that
it is a member of a series of stratified rocks; the layer above it is
called the roof, the one below it is the floor. Its thickness is the
distance from the roof to the floor measured at right angles to
the planes of stratification ; its dip is the inclination downward
measured from the horizontal; its sirike is the direction of a
horizontal line drawn in the plane of stratification.

The thickness of workable beds varies within very wide
limits. The productive part of the copper-shale at Mansfeld is
only 3 inches to 7 inches thick; and one of the beds of gold-
bearinrg conglomerate at Johannesburg is only 6 inches to 2 feet
across; we find, on the other hand, the lead-bearing sandstone of
Mechernich, in Rhenish Prussia, is 1oo feet (30 m.), and a bed of
brown coal at Briihl in the same neighbourhood no less than 131
feet (40 m.) thick. The principal bed of slate at the Oakeley
Quarry, Festiniog, is 120 feet thick (36'5 m.).

It must not be supposed that the thickness of a bed necessarily
remains uniform. Occasionally this is
the case over a very large area; but S
frequently the thickness varies, and ———
the bed may dwindle away gradually,
or increase in size, or become divided
into two, owing to the intercalation of
a parting of valueless rock; but, in
spite of such variations, a bed is much
more uniform in thickness and com-
position than a vein. - Fig. 1 shows
beds of shale, limestone, iron ore and sandstone, any one of which
may be the object of a mining undertaking.

(2) Veins or Lodes.—Veins or lodes are more or less tabular
or sheet-like mineral deposits, formed more or less entirely since
the enclosing rocks (country),and either occupying cavities formed
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originally by fissures, or consisting of rock altered in the vicinity
of fissures. A simple and typical example of a vein is shown in
Fig. 2, representing a lead lode in slate at Wheal Mary Ann in
Cornwall.* It is evident that a fissure in the slate has been
filled up by the successive deposition of bands of mineral on both
sides. The unfilled cavities are called locks (Wales and Isle of
Man), or wvugst (Cornwall). The
definition given above differs some-
what from that of some standard
authors, whose opinions I will quote.

‘Werner says :I “Veins are special
tabular mineral repositories which
nearly always cut across the strati-
fication of rocks and so far have a
different lie to them, and are filled
with a mineral mass differing more
or less from the surrounding rocks ;”
and further,§ ¢ Mineral veins may
be more exactly defined by saying that they are fissures in the
rocks which have been subsequently filled up with various
minerals differing more or less from the surrounding rock.”
Carne’s definition is this:|| By a true vein, I understand
the mineral contents of a vertical or inclined fissure, nearly
straight, and of indefinite length and depth.” Von._Cottas-is
shorter :9 ¢ Mineral veins are the contents of fissures,” whilst
Grimm says :** ¢ Veins are fissures in rocks which have been
wholly or partly filled with minerals.” Von Groddeck’s explana-
tion runs thus :T+ ¢ Veins are fissures which have been filled up.”
In Geikie’s text-book we find :I “ A mineral vein consists of one
or more minerals deposited within a fissure of the earth’s erust.”
Professor von Sandberger’s idea of a vein is the same:§§ * True
veins, that is to say, fissures filled with ores.” In France ||| and
Italy9[9| similar definitions prevail.

FiG. 2.

TP, ONIONV

* C. Le Neve Foster, “ Remarks on the Lode at Wheal Mary Ann, Men-
heniot,” Trans. R. Geol. Soc. Cornwall, vol. ix. p. 153.

+ Probably taken from the Cornish word fogou,” a cave.

1 A. G. Werner, Neue Theorie von der Entstehung der Ginge. Freiberg,
1791, p. 3.

§ Ibhid.

|| J. Carne, “On the Relative Age of the Veins of Cornwall,” Trans. R2.
Geol. Soc. Cornwall. Penzance, 1822, vol. ii. p. §I.

€ Die Lekre von den Erzlagerstitten. Freiberg, 1859, p. 102.

** Die Lagerstiitten der nutzbaren Mineralien. Prague, 1869, p. 97.

tt Die Lehre von den Lagerstitten der Erze. Leipsic, 1879, p. 31.

Tt Text Bool of Geology. London, 1882, p. 591.

§§ Untersuchungen iiber Erzginge. Wiesbaden, 1882, p. 4.

|l|l Haton de la Goupilliére, Cours d’Exploitation des Mines. Paris, 1883,

p. 33.
1Y V. Zoppetti, Arte Mineraria. Milan, 1882, p. 16.
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As long ago as the year 1864, Mr. Richard Pearce brought
forward the theory that many of the tin lodes of Cornwall have
been formed by the alteration of granite, and my own 7 investi-
gations have convinced me that he is right. The lodes appear
to be bands of stanniferous rock formed by the alteration of
granite in the vicinity of fissures. The tabular mass of tin-bearing
rock 1o or 15 feet thick, called the lode, is traversed by sundry
fissures and passes without any distinet walls or boundaries into
non-stanniferous granite; sometimes the main fissure is a few
inches wide filled with crystallised quartz and other minerals.
This filled-up crack answers to the common definition of a vein,
but the rest of the stanniferous mass does not. It has no definite
bounding planes, it contains no
fragments of the surrounding F1a. 3.
rocks, and presents no appear-
ance of having been formed
by the deposition of minerals
upon the sides of an open rent {%
(Fig. 3). Asmuch of the stan- 3
niferous rock as will pay for
working is known as the Jlode.
I think the geologist must give
way and suit his definition to
the wants of the miner. It is too much to expect the miner to
give up a term consecrated by universal usage, simply because
geologists have made the mistake of supposing that all lodes have
been formed on the same plan.

If Cornwall furnished the only exceptions to the time-honoured
definition of a mineral vein, one would perhaps hesitate in pro-
posing any alteration; but when similar or somewhat similar
cases are met with in other parts of the globe, the necessity for
some change becomes apparent.

Mr. Kendall  says that the hematite veins of the Lake District
(England) are not filled fissures, but are substitutional deposits,
the result of a gradual replacement of the original rock by other
minerals. _

Mr. S. F. Emmons§ takes a similar view: “I consider it
reasonably certain that a very large proportion of the so-called
fissure-veins in the Rocky Mountain region, notably those in

X o~

GRaNITE.

uNveg Y >

* R. Pearce, “The Influence of Lodes on Rocks,” Rep. Miners' Assoc.
Cornwall. Truro, 1864, p. 18.

1 C. Le Neve Foster, “ On the Great Flat Lode South of Redrut.h and
Camborne and on some other Tin-deposits formed by the alteration of
Granite,” Quart. Jour. Geol. Soc., London, 1878, vol. xxxiv. pp. 640-?53.

+ J. D. Kendall, “On the Mineral Veins of the Lake District,”” Zrans.
Manch. Geol. Soc. Manchester, 1884, vol. xviii. p. 292.

§ R. C. Hills, “ Ore Deposits of Summit District, Rio Grande County,
Colorado.” Condensed for the Engineering and Mining Journal, by 8. .
Emmons. FEng. Min. Jour. 1883, vol. XXXV. p. 334.
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Colorado and Montana, are simply the alteration, silicification,
and mineralisation of the country rock along certain planes which
for some reason or other offered exceptionally easy access to per-
colating mineral solutions, and are not the filling up of pre-
existing cavities in the rock, as is generally supposed to be the
characteristic of a true fissure-vein.”

Some of the lodes of Otago, New Zealand,* may be described as

belts or zones of auri-
Fi6. 4. ferous mica-schist with-
out any definite bound-
[ aries ; Fig. 4 shows one
of them,which isworked
= at Canton mine, AA is
4 a vein of quartz, BB a
; channel or zone of dis-
turbed and distorted
schist, CC a false wall
or plane, along which
there has been a shift-
ing of the strata. The
vein AA, which has
been formed along one
of the lines of fracture
and dislocation, is called
the “indicator,” as it
acts the part of a guide
to the miner in his en-
deavours to follow the
auriferous channel ; but
the precious metal is not
confined to the space
between A and C.

The question as to
what constitutes a vein
or lode has been more
thoroughlythreshed out
in the United States
than elsewhere, because

‘CANTON MINE in some parts of that

country the miner’s

title ‘to his property depends upon the definition of the word.

The consequence is that the term ““lode” has been defined by
judicial decisions.

In the year 1877, Mr. Justice Field, in the celebrated Richmond

.

v. BEurcka case, gave the following interpretation:{ “ We are of

* Rickard, “The Gold-fields of Otago,” Trans. Amer. Inst. M. E.
Meeting of June 1892.
1 Transcript of Record. Sapreme Court of the United States, Nos. 1038
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opinion, therefore, that the term lode, as used in the Acts of
Congress, is applicable to any zone or belt of mineralized rock
lying within boundaries clearly separating it from the neighbour-
ing rock.” 3

This definition, which has been framed for the practical work-
ing of an Act of Congress, is not a satisfactory one for the
scientific miner, because it would include a bed or seam, whilst it
would exclude some of the Cornish tin lodes which have no distinct
boundaries.

Some subsequent decisions cover more ground, for they ignore
the question of shape. Judge Hallett * gave the following charge
in the case of {yman v. The Aspen Mining and Smelting Company :
‘It may be said that with ore in mass and in position in the
body of a mountain, no other fact is required to prove the
existence of a lode of the dimensions of the ore. As far as it
prevails, the ore is a lode whatever its form or structure may be,
and it is not at all necessary to decide any question of fissures,
contacts, selvage, slickensides, or other marks of distinction, in
order to establish its character. As was said in another case T in
this court : ¢ A body of mineral or mineral-bearing rock in the
general mass of the mountain, so far as it may continue unbroken
and without interruption, may be regarded as a lode, whatever
the boundaries may be. In the existence of such body, and to the
extent of it, boundaries are implied.””

‘While quoting these decisions on account of their importance
to prospectors and to holders of mining property in the United
States, I think it wise to adhere, for the purposes of the student,
to the definition I have proposed, and to consider tabular shape
and origin subsequent to that of the enclosing rocks as the chief
characteristics of mineral veins or lodes. No doubt a very large
number of mineral veins are simply the contents of fissures;
others are bands of rock impregnated with ore adjacent to fissures ;
others, again, have been formed by the more or less complete
replacement of the constituents of the original rock by new
minerals.

Veins may occur in stratified or unstratified rocks, and in the
former they usually eut across the planes of bedding.

Like a bed, a vein has its dip and strike; but as the dip of
veins is generally great, it is often measured from the vertical,
and is then spoken of as the underlie, underlay, or hade. Instead
of being expressed in degrees, the underlie is sometimes measured
by the amount a lode plunges under cover, or away from the vertical,
in a distance of 1 fathom (6 feet) measured along the dip. Thus

and 1039.  The Richmond Mining Company of Nevadu v. The Eureka Con-
solidated Mining Company. Appeal from the Circuit Court of the United
States for the district of Nevada, p. 604. F¥iled January 17, 1878.
* “The Aspen Case,” Eng. Min. Jour. New York, vol. xliii. 1887, p. 21.
1 “The Smuggler Case,” op. cit. p. 20.
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if AB (Fig. 5) represents a lode, and AC= 6 feet, AD being verti-
cal, draw the line CE at right angles to AD, the inclination is
measured by the relation of EC to AC.
If EC=2 feet the underlie is said to be 2 feet in a fathom.
This approaches very closely to a dip of 70°, or
¥16. 5. underlie of 20°, whilst 1 foot in a fathom, for most
A practical purposes, corresponds to a dip of 8o°, or
underlie of 10°. This method of expressing the dip
enables it to be determined with a rule or tape. If
AB (Fig. 6) is alode at the end of a mining tunnel
(level), the miner has simply to measure the distance
EC=6 feet, drop a stone from C and ascertain the

c ¢ distance from D, where it falls, to E. However,
there is the disadvantage that some miners take the
D s standard fathom vertically and not along the dip;

therefore, to avoid any chance of confusion it is
wiser to express the inclination of veins in degrees,
and not by “feet in a fathom.”

The bounding planes of a vein, VV (Fig. 7), are called the walls
or cheeks, and they are frequently smooth and striated, showing that
one side must have slid against the other. These striated surfaces
are called slickensides. At the Halkyn mine, Flintshire, the
whole side of one of the levels, for a distance of ten yards,is a
smooth flat polished surface, with small strie, precisely like the
scratchings produced upon rocks by the action of glaciers. In
this particular case the striations are horizontal ; more frequently
they are inclined. The wall above a lode is called the Aanging

FIG. 6. Fie. 7.
A

wall, AB, the one underneath, the foot wall, CD. The rock
surrounding or enclosing the lode is called the country, EE. I
give this term, not because I wish to perpetuate a mere Cornish
provincialism, but because it has crept into use elsewhere. To
use the words country rock, as is done very frequently, is to be
guilty of tautology. I may here remark, once for all, that,as a
general rule, it is best to avoid local technical terms, and as far as
possible employ words which are understood by every one; but
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some expressions are so convenient on account of their brevity
that they may fairly be adopted into our-language. It is not un-
common to find a layer of clay, FG, between the lode and the
enclosing rocks ; such a layer is called a selvage, dig (Cornwall),
gouge (UR.), or alte (California). A large mass of the adjacent
rock found enclosed in the lode is called a Aorse, HH.

The valueless components of a lode which surround the ore are
often spoken of as forming the gangue. I mention the word in
order to enter a protest against its use, because, in its passage to
us.from the German through the French, it has lost part of its
original meaning. We already have the words wveinstone, lode-
stuff, and matrixz, which are more strictly correct and more easily
understood than gangue, which, by Englishmen, should be con-
signed to oblivion.

Veins often continue for a great distance along their strike.
The Van lode in Montgomeryshire is known for a length of nine
miles, whilst the Great Quartz Vein in California has been traced
for a distance of no less than eighty miles.

Veins are of less uniform productiveness than beds, and are
rarely worth working through-
out. Rich portions alternate Fie. 8.
with poor or worthless portions. W
The rich parts have received _Aezscver > e
various names according to the ‘
forms they assume: Fig. 8 re-
presents a longitudinal section
along the strike of a lode, and
the stippled parts are ore-bodies.
BBB are bunches; A is a large
bunch or course of ore; when an ore-body forms a sort of con-
tinuous column we have a skoot (chute,U.S.). Ore-bodies which upon
being excavated leave chimney-like openings are called pipes (C).
In the United States the Spanish word bonanza, literally meaning
“fajr weather” or “ prosperity,” is frequently used for a rich
body of ore. The inclination of a skoot in the direction of the
strike is called its pitch and sometimes its dip, though it is better
to restrict this word to the meaning it receives among geologists.

It is of the utmost importance to the miner to know where he
may expect to find a rich ore-body in a mineral vein. Experience
shows that many conditions affect its productiveness,* viz. :—

1. Intersections with other veins.
2. Nature of the adjacent rock.
3. Change of dip.

4. Change of strike.

60 ratnoms rever  Coff
—_—— 2

* See also, L. Moissenet, Observations on the Rich Parts of the Lodes of
Cornwall. Translated from the French by J. H. Collins. London and
Truro, 1877.
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(1) Intersections of wveins.—AB (Fig. g)is a vein intersecting
another CD at an acute angle AEC; it is frequently the case that
there is an enrichment about the junction E. If the lines A'B/,

C'D’ represent the lodes at a lower

Fic. o. level, then EE’ indicates the line of
intersection, which may be the axis of
‘° it Y o & shoot of ore upon one of them ; but
7 4 when the angle AEC approaches a right
! o angle a favourable result is not ex-
CREE / pected.
ISyl S e o 03 ¥ If AB (Fig. 10) represents a section
E T~ . "
St of a lode along the dip, and CD, EF,

and GH are small veins ( feeders, drop-
pers) falling into it, an increase in the
productiveness of the lode often oceurs near the intersection.

(2) Nature of the adjacent rock.—Few facts are more generally
recognised than the influence of the enclosing rock upon the
productiveness of a lode. I will cite some well-known examples.
In the Alston Moor district the veins cross alternating beds of
limestone, sandstone, and shale; they are generally more pro-
ductive in the limestone than in the sandstone or the shale.

At Kongsberg, in Norway, the silver veins are productive in the

Fi6. 10. F1c. 11,

Sahlbands, that is to say, quartz schist, mica schist, hornblende
schist, and chlorite schist impregnated with iron pyrites and other
metallic sulphides, but are poor where they cross the gneiss. The
lines ABand CDin Fig. 11 represent two such veins in plan; the
portions ab and cd are worth working, but the other parts are not.
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In the Gympie* gold field, Queensland, the veins are richest
in certain bands of black shale. Four principal belts of black
shale have been recognised, and their influence is so thoroughly
known that “the fact has determined the system of mining on
the field.”

Turning to another part of Australia, we may notice the
‘“indicators” at Ballarat.t These are narrow beds, some.only
3 inch thick, parallel to the planes of stratification of the
enclosing slate, and full of small cubical crystals of iron pyrites.
Their dip is nearly vertical, and they can be traced for miles.
When a quartz vein crosses an “indicator ” there is usually rich
gold along the line of intersection. Mr. ‘Charles King says:
¢ About ten of these ¢indicators’ are known within a width east
and west of 1,400 feet, and in the case of six out of these, the
quartz crossing them contains, at the line of intersection, exceed-
ingly rich patches of gold, frequently in nuggets: many ounces in
weight.” Why only six out of the ten indicators should have the
enriching effect is not stated.

A third instance of the enriching effect of a pyritiferous rock
is afforded in the Thames} gold-field of New Zealand, where,
instead of a mnarrow *indicator,” thereis a marked belt of rock,
60 to 8o feet thick, in which the veins prove remunerative. This
“congenial ” bed is a felspathic sandstone containing pyrites, and
is probably a voleanic ash. The veins are poor, or die out
altogether on entering the harder diorite or underlying slate.

Even in the case of earthy minerals the same phenomenon
occurs. At Wotherton mine, in Shropshire, the barytes vein is
wide and worth working when the adjacent rock is volcanic ash,
but narrow and valueless in shale.

Lead veins in Derbyshire, which are productive in limestone,
rarely yield much ore in the foadstone, an interbedded lava.

(3) Change of dip—In a. given vein the parts approaching
verticality are often noticed to be richer than those which are
comparatively flat.

(4) Change of strike.—The veins of a mining district are com-
monly found to have the
same prevailing strike. Fie. 12.
Thus the tin and copper _d
lodes of the Camborne ON c
and Redruth districts,

Cornwall,§ usually run from 8.8.W. to N.N.E., and are spoken of

* R. L. Jack, Annual Report of the Department of Mines, Queensland, Jor
the year 1885. Brisbane, 1886, p. 58. i

1 C. Le Neve Foster, ‘“ Mining Industries,” Reports on the Colonial Sec-
tions of the ILxhibition. London, 1887, p. 18.

% Op. ct. p. 35.

§ Henwood, *“On the Metalliferous Deposits of Cornwall and Devon,”
Trans. B. Geol. Soc. Corn. Penzance, 1843, vol. v. p. 250.
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as east and west lodes. Slight changes in the direction of the
strike are sometimes followed by variations in the productive-
ness ; in the case of a lode with an average strike repre-
sented by the dotted line a b, it may happen that the parallel
parts a b, c d, e f, are poor, and the parallel parts b ¢ and d e
rich* (Fig. 12).

Too much stress must not be laid upon this question of strike,
because there are so many exceptions to the rule that a certain
strike is favourable. For instance, the two principal mines in
the Isle of Man, Laxey and Foxdale, are wrought, one upon a
north and south vein, the other upon an east and west vein, only
a few miles apart ; and at St. Just, in the extreme west of Corn-
wall, the mean direction of the lodes is 35° N. of W., and there-
fore quite different from what it is in the chief metalliferous
region ; but with individual lodes changes of strike should not
pass unnoticed.

Formation of Mineral Veins. —'_lhough this book is intended
to deal mainly with the working of mines, a few remarks con-
cerning the origin of veins are necessary—ﬁrst, because the
posteriority of their formation is one of their chief characteristics ;
and, secondly, because a knowledge of the manner in which useful
minerals came to be concentrated along certain lines may enable
us some day to predict the precisespots where subterranean riches
are accumulated.

The principal theories are ;

1. Fracture and motion with mechanical filling.

2. Fracture and injection of molten matter.

() from above.

3. Fracture and deposition from solutions { (5) from below.

-l (¢) from the sides.

4. Fracture and sublimation, or deposition from gases.

(1) Mechanical Filling.—If a rock is fractured, and one side
of the crack slides against the other, a vein of crushed material is
formed. If the rock is shale or slate, the vein is a band of clay
more or less mixed with uncrushed fragments, and in Cornwall is
known as a_flookan.

(2) Injection.—Veins formed by the injection of a molten or
plastic rock into fissures are usually known as dykes.

(3) Deposition from Solution.—The lode at Wheal Mary Ann,
Cornwall (Fig. 2), is an instance of a vein formed apparently by
deposition from solution. Many of the common constituents of
mineral veins, such as silica, carbonate of calcium, sulphate of
barium, are known to be slightly soluble in water, whilst the
metallic sulphides can be formed by the reduction of a soluble
sulphate, or by the reaction of a soluble sulphide or sulphuretted

* Cbarles Thomas, Remarks on the Geology of Cornwall and Devon. Red-
ruth, 1859, p. 5.
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hydrogen upon metallic compounds. Some metallic sulphides are
soluble in alkaline solutions.

Much discussion has arisen concerning the place whence the
mineral-bearing solutions came. The theory that they came
from above finds few upholders nowadays, and the battle rages
principally between the advocates of the ascensional theory, or
supposition that the minerals came up in solution from very
great depths, and the upbolders of the lateral secretion theory,
in which it is assumed that they were leached out of the adjacent
rocks and re-deposited in the vein cavity. This latter theory has
been powerfully espoused of late years by Professor Fridolin von
Sandberger,* who has pursued his investigations with great
ardour. He shows that small quantities of antimony, arsenic,
bismuth, cobalt, copper, lead, silver, and tin are contained in
silicates such as augite, hornblende, mica, and olivine, which are
essential constituents of plutonic and voleanic rocks; and he
concludes that these rocks are the sources from which the lodes
have derived their riches.

Prof. von Sandberger’s views have not been allowed to pass
unchallenged, for Prof. Alfred Stelznert combats his methods of
analysis.

It is naturally impossible to affirm with certainty that a given
mineral, such as mica, contains lead for instance, so long as there
is a possibility that particles of galena were mixed withit. The
absolute freedom of the rocks submitted to analysis, from any
mechanical admixture with pyrites or other sulphides is a neces-
sary foundation-stone of von Sandberger’s theory. It is against
this point that Professor Stelzner directs his attack, and he shows,
. by the results of numerous carefully conducted experiments, that
the metals found on analysis by Professor von Sandberger did not
necessarily come from the silicates, but may have been derived
from 1mechanically mixed sulphides which had resisted his
attempts to remove them. Stelzner points out that the occurrence
in the country of sulphides, similar to those existing in the lodes,
may be explained quite as well by their having travelled from the
fissure into the adjacent rock, as in the reverse direction.

With reference to the silver found in the rocks, Stelzner re-
marks that the mica of granite at Sulzbichle in the Black Forest,
stated by von Sandberger and others to contain o‘oor to 0’006
per cent. of silver, was found to be,absolutely free from any
traces of the metal when assayed with special precautions at the
Mining College of Freiberg. !

Under these circumstances von Sandberger’s theories must for
the present be looked upon as not entirely proven, much as one

* Untersuchungen iiber Erzginge. Wiesbaden, 1882 and 1885.

t *Die Lateralsecretions-Theorie und ihre Bedeutung fiir das Pfibramer
Ganggebiet,” Jakrbuch der I:.I:. Bergakademien zw Leoben und Pribram und
der kgl. ung. Bergakademie zu Schemnitz, vol. xxxvii.

7 REESEF L'F:F‘A’f)r\ 3



16 ORE AND STONE-MINING.

would like to be able to account in so direct a manner for the in-
fluence of the country upon the contents of the lodes.

The views of Mr. Becker,* with reference to the quicksilver
mines of California and Nevada, deserve special mention, because
the adherents of both parties will probably claim them as support-
ing their theories. To avoid any chance of mistake, I quote ver-
batim : ¢“The evidence is overwhelmingly in favour of the supposi-
tion that the cinnabar, pyrites, and gold of the quicksilver mines
of the Pacific slope reached their present positionsin hot solutions
of double sulphides, which were leached out from masses under-
lying the granite or from the granite itself.” Mr. Becker
supposes that the hot alkaline solutions were the products of
volcanic agencies, and he decidedly leans to the view that they
took up the heavy metals in their passage through the granite
itself, and not from rocks underlying it.

Even if the ore was not leached out of the immediately adjacent
rocks, these may have influenced its deposition either chemically
or mechanically. It is possible that a certain bed may act as
a reducing agent upon a solution which touches it, and so cause
precipitation ; this may be the reason why rich gold has been
deposited “where the pyritiferous ¢“indicators” intersect the
Ballarat lodes. The mechanical effect is also very simple. A fissure
formed in a soft rock is likely to be filled up by pieces of the
sides dropping in, especially if there is any sliding of the hanging
wall upon the foot wall ; on the other hand, if the rock is hard,
the chasm will remain open and leave a space for the reception
of ores. This fact gives a reason for the steep parts of lodes being
sometimes richer than the flatter parts. If a wavy cut is made
in a piece of card or paper to represent the fissure, and the
“ hanging wall ” slid down a little, we have open spaces where
the fissure is steep, whilst the ““ walls” touch where the fissure is
flatter, leaving no room for any deposition of ore to take place.
A wavy crack of this kind may be caused by variations of hard-
ness and fissility, such as happen when shale is interbedded with
limestone ; here the crack will be propagated more readily along
the planes of stratification of the shale than across them. After
a slight shift of the ‘ hanging wall ” downwards, the cavities in
the limestone become receptacles for mineral deposits, whilst the
crack contains little but crushed rock in the shale.

In a like manner the variation in productiveness noticed upon
a slight alteration of strike may be due to change in the nature
of the ¢country,” which not only caused a deviation from the
general direction of the fissure, but also affected its ore-bearing
qualities. Here, too, we find an explanation of the phenomenon
called “ore against ore.” In Fig. 13 let ABCD, and EFGH

* ¢ Geology of the Quicksilver Mines of the Pacific Slope,” Monographs
of the U.S. Geol. Survey, vol. xiii. p. 449. Washington, 18%8.
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represent a plan of two parallel lodes, BC and FG being rich parts;
the miner notices that an improvement in the productiveness takes
place in both lodes when the strike changes from E. and W, to E.
25° N., and that the rich part, BC, is opposite the rich part FG.
This is not surprising if the parts BC and FG arein a special belt
or zone, included
between the lines Fre. 13.
HK, LM, capable !
of exerting either a '
mechanical  effect el
upon the size of the Y
vein-cavity by its \
hardness, or a \
chemical effect by A B\ !
its composition. y - S

The adjacent rock \ 9
may likewise have ¢
affected the lode by %
its porosity or by its \
impermeability, in \ M
the former case by %
affording an easy channel for the solutions which brought in the
minerals, and in the latter by interposing a dam which prevented
or delayed their escape.

(4) Sublimation.—The sublimation theory meets with little
favour nowadays, though certain minerals known as constituents
of lodes are formed in furnaces, or can be produced artificially
from gases. Nearly half a century ago, Daubrée * produced
crystals of oxide of tin by passing a current of stannic chloride
together with steam through a red-hot porcelain tube. One great
objection to the universal acceptance of the sublimation theory is
that many of the minerals found in lodes would be decomposed at
high temperatures.

Formations.—The lodes in some districts are grouped into
different classes according to their mineralogical characters, and
careful observations have shown that those which are similar in
mineral contents usually agree in strike and in age. Distinctions
of this kind have been skilfully worked out at Freiberg t in
Saxony, where six of these classes or * formations” are recognised.

Anomalies.—It must be understood that we cannot expect Nature
to make distinct lines of demarcation between the different kinds of
mineral repositories. Though we may be able to see clearly that

* “Recherches sur la production artificielle de quelques espdces minérales
cristallines, particuli¢rement de I'oxyde d’étain, de V'oxyde de titane et du
quartz. Observations sur l'origine des filons titaniféres des Alpes,” Ann.
DMines, 4e série, vol. xvi. 1849, p. 129. Compt. Rend., vol. xxix. 1849,
P- 227, and vol. xxx. 1850, p. 383.

t L'reibergs Berg- und Hiittenwesen. Freiberg i, S., 1893, p. 32.

B
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a seam of coal is contemporaneous with the enclosing rocks, and
that a vein, intersecting successively beds of limestone, shale, and
sandstone, is evidently of later formation, cases frequently occur
in which the origin of the mineral is uncertain.

For example we have the lead-bearing sandstone of Mechernich,
the silver-bearing sandstone of Utah, the gold-bearing conglomerate
of the Transvaal. The grains of sand and the pebbles of quartz
are unquestionably of sedimentary origin; but opinions differ
as to whether the lead, silver, and gold were deposited originally
with the sand and gravel, or were introduced subsequently by
metal-bearing solutions, which found a passage through the beds.
It has been shown by Mr. Becker* that ample space exists in an
ordinary sandstone for the deposition of ores. Supposing that
all the grains were true spheres of the same size, and as closely
packed together as possible, there would be 26 per cent. of inter-
stitial space. If this space is even partly occupied by an ore, the
percentage of metal may very easily be sufficient to render the
stratum worth working. TFor example, a sandstone with a specific
gravity of 2°25 requires only 3'7 per cent. of its interstitial space
to be filled by cinnabar with a specific gravity of 8,in order to
furnish an ore with 1o per cent. of mercury, about the average
contents of the rock worked at Almaden. This 37 per cent. is  less
than half the interstitial space in some indurated sandstones
employed for paving streets.” In the case of sandstones worked
for mercury, it seems to be quite certain that the cinnabar was
brought in by aqueous solutions long after the deposition of the
sediment—indeed, long after the solidification and upheaval of
the rocks.

According to Dr. Sorby, the iron of the well-known Cleveland
bed was “derived partly from mechanical ‘deposition and partly
from subsequent replacement of the originally deposited car-
bonate of lime.”} ;

Other cases of more or less complete replacement may be cited.
‘We find chalk changed into flint, limestone into chert; and if
“subsequent origin” were the only characteristic distinguishing a
vein from a bed, we should be landed in a difficulty. It will be
found convenient to consider as seams any stratified deposits in
which the impregnated, altered, or pseudomorphous mass occupies
the position of an original bed, and to call the sheets weins when
they cross the bedding-planes, or occupy a fissure, or have been
formed by the alteration of a rock at the side of a fissure.

MASSES.—These are deposits of mineral, often irregular in
shape, which cannot be distinctly recognised as beds or veins.
Such, for instance, are certain of the red hzmatite deposits of

* “Geology of the Quicksilver Deposits of the Pacific Siope,” Monographs
of the U.S. Geol. Survey, vol. xiii. p. 309. Washington, 1888.

+ Quart. Jour. Geol. Soc., vol. xxxv., 1879, p. 85. Anniversary Address
of the President.
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the Ulverston district (Fig. 14),* which occupy irregular cavities
in the Carboniferous Limestone. They may have been formed

F1a. 14.

7 === 50 ratHous iEvEL

W2
-;;60 FATHOMS LEVEL

A, the enclosing limestone ; B, red hzmatite ; C, sand and clay;
D, a thick capping of glacial drift.

by the percolation of water bringing down iron in solution from
overlying rocks, which by gradual replacement changed part of
the limestone into a mass of hematite. Other examples of masses
are the calamine deposits of Altenberg (Fig, 1 5),T Sardinia, and

Fia. 15. Fia. 16.

B, the enclosing slate, d,
dolomite, C, calamine, L, clay.

Scale 4. T =1
Inch¥sr—¢ & £} £y BEeet
Mulberry Mine, near Bodmin.

Lombardy, the huge upright *necks” or *pipes” of diamond-
bearing rock in South Africa,and the granite decomposed ¢n situ
worked for china clay in Cornwall.

Under this head also are included by most authors the so-called
“ stockworks,” ¢ reticulated masses” or “ network deposits,”
names applied to masses of rock intersected by so many little
veins as to make the whole worth excavating. 3 .

Fig. 16 shows a number of steeply dipping strings of cassi-.
terite, generally only two or three inches apart, intersecting beds

* “Beschreibung der Rotheisenerzlagerstitten von West Cumberland
und North Lancashire,” Stahl und Eisen, 2 Jahrgang, No. 12, Plate VI.

t M. Braun, Zeitschr. d. d. geol. Gesellsch., vol. ix. (1857) 5 and A. von
Groddeck, Die Lekre von den Lagerstitten der Erze. Leipsic, 1879, p. 242.



20 ORE AND STONE-MINING.

of slaté. The mass of rock penetrated by this network of little
tin veins is 300 yards long by more than 3o yards wide, and the
whole of the stanniferous stone is quarried and stamped.*

EXAMPLES.—These abstract definitions are not sufficient;
the student should see how they can be applied to particular cases ;
and I now propose to give a series of examples of the modes of
occurrence of the most important minerals. As the same mineral
may be found in a bed,a vein, or a mass, it is simplest, for the
purposes of the miner, to classify these examples alphabetically.
I therefore arrange the information about tin, for instance, under
one head, instead of separating the tin veins from the stockworks,
and these from the alluvia. The minerals to which I propose to
refer are: ‘

Alum, amber, antimony ore, arsenic, asbestos, asphalt,
barytes, borax, boric acid, carbonic acid, clay (including china
clay, fire clay, fuller’s earth, potter’s clay), ’cobalt ore, copper ore,
diamonds, flint, freestone, gold, graphite, gypsum, ice, iron ore,
iron pyrites, lead ore, manganese ore, nitrate of soda, ochre, oil
shale, ozokerite, petroleum, phosphate of lime, potassium salts,
quicksilver ore, salt, silver ore, slate, stone, strontium sulphate,
sulphur, tin ore, zinc ore.

Alum.—The alum-stonet obtained at Allumiere and Tolfa, near
Civita Vecchia, occurs in very irregular veins, which are supposed
to be due to the action of heated water and sulphurous gases upon
the felspar contained in trachyte.

An important deposit of alunite has lately been discovered:
in New South Wales, at the Bullahdelah Mountain, which
rises up from the bank of the Myall River, a tributary of
Port Stephens. Marked cliffs, overlooking the river, consist of
alunite in varying quality, ranging from pure alunite to a mineral
in which there is as much as 4o per cent. of silica. The deposit
is traced for over a mile in length and nearly three-quarters of a
mile in breadth, the thickest band of stone being from 6o to 70
yards in width. The average composition of the rock now being
worked is as follows :

4 . Per cent.
Water . 5 3 3 A 5 . 78
Alumina . 5 4 . G . 3470
Oxide of iron . . . 5 C =T | 00
Potash . " R * . 31 ansd o)
Sulphuric acid : 5 3 E . 32730
Silica v 3 4 5 x 3 . 1810

100°00

* C. Le Neve Foster, “On some Tin Stockworks in Cornwall,” Quart.
Jour. Geol. Soc., vol. xxxiv., 1878, p. 655.

t A K, dela Grange, Le Trachztz della Tolfa e le formazion: alluminifere.
Rome, 1881.

I MS. information from Mr. S. Herbert Cox, A.R.S.M., the discoverer of
the alunite.
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Tke surrounding rocks belong to the Carboniferous system of
New South Wales, and it is supposed that the alunite has been
formed by solfataric action upon dykes of a felsitic rock.

Amber.—This fossil resin is found in a bed of Tertiary age,
which extends along the shores of the Baltic from Western
Russia to Denmark. The principal workings are about halfway
between Memel and Dantzig, and the amber is obtained by diving
and dredging in the sea and by ordinary mining inland. After a
storm pieces are cast up on the shore. The stratum containing
the amber is known from its colour as the “blue earth.”

Antimony.—Antimony ore usually occurs in veins, In York
County, New Brunswick,* the veins are from a few inches to
6 feet wide in Lower Silurian slate. The veinstone is white
quartz, calcite, and iron pyrites in small crystals. The ore raised
from the mine contains about 10 per cent. of stibnite.

Arsenic.—The white arsenic of commerce is mainly obtained
from mispickel, which is either mined by itself or more commonly
in connection with the ores of copper, tin, or gold. It is there-
fore in most cases a by-product in the preparation of these ores
for the market.

Asbestos.—The asbestos of commerce is in part chrysotile and
in part the fibrous variety of hornblende. Italy and Canada are the
chief sources of supply, and in both countries the mineral is found
in veinsin serpentine. The principal Italian mines are in the Susa
and Aosta valleys and the Valtellina.t In one of the mines in
a tributary of the latter valley the rock is *cut in every direction
by thin seams of asbestos, which seem to start as from a centre
and spread out in every direction, and these again are traversed
by thin seams both horizontally and diagonally. Entering into
the rock, these seams generally converge to a centre, where
the various thin seams unite themselves, and here a pocket of a
ton or a ton and a half of asbestos may be found, and then all
appearance of its presence ceases. Continuing to work inwards,
the seams generally re-appear and spread themselves out as
before.”

The most important of the Canadian quarries are situated in
the townships of Thetford and Coleraine, in the province of
Quebec. A belt of serpentine runs through the district, and it is
intersected by innumerable small veins of chrysotile, varying in
width from a mere knife-edge to about 6 inches at the most,
the fibres of the mineral running almost at right angles to the
walls. The common width of the veins is from 1 to 2 inches, and
as they ‘‘cross and recross each other in every direction and at

* B, M. J, vol. xvi,, 1873, p. 7; and B. u. h. Z. 1874, p. 237.

T James Boyd, “Asbestos and its Applications,” Jour. Soc. Arts,
vol, xxxiv. (1886), p. ;83. J. A. Fisher, *“ Mining, Manufacture and Uses
of Asbestos,” Trans. Inst. Marine Eng., vol. iv., 1892.
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every angle,” * the whole of the enclosing rock has to be quarried
in order to get out the asbestos.

Asphalt.—The various modes of occurrence of asphalt or
bitumen have been described by Malot and Greene,} and the
following table is made up from their works :

State, Localities.
A viscous . . Pitch springs in Alabama, France,
1. Nearly pure Venezuela.
solid - . Dead Sea, Cuba, Texas, Utah.

2. Mixed with earthy matter . Pitch Lake, Trinidad.
3. Mixed with sand . . . California, France, Utah.

(bituminous sandstone)
4. Impregnating limestone . Colorado, Cuba, France, Mexico,

(bituminous limestone) Sicily, Spain, Switzerland.

The nearly pure asphalt does not occur in sufficiently large
quantities to be worked on a commercial scale, and the Pitch
Lake of Trinidad,$ long known as a natural wonder, has not
been utilised to any great extent until of late years. The lake
occupies an area of gg acres, and is on an average from 20 to 30
feet deep. Its surface is not one continuous sheet, but is broken
up by pools and channels of rain water ; the asphalt is nearly
everywhere solid enough to walk on. The crude asphalt has the
following composition :||

Per cent.
Bitumen . . 5 b 3 . Yy
Water . 3 : 3 . 5 g A7)
Clay . . 5 . : A . B0
100

“The bituminous sandstone of California is found in large
quantities at various points between San Francisco and Los
Angeles. It contains about 12 to 18 per cent. of bitumen, and
the rest is quartz sand, in grains about one-tenth of an inch in
size.”q|

‘We now come to the bituminous limestone. Val-de-Travers,
in Switzerland, and Seyssel, in France, are the most important
sources of this rock for paving purposes. At Seyssel there are
no less than seven beds of bituminous limestone, varying from 1o to
20 feet (3 to 6 m.) in thickness. One analysis of the rock** was as
follows :

* Boyd, op. cit. p. 586.
+ Léon Malo, L’Asphalte, Paris, 1888, p.
8+8F V. Greene, *“ Asphalt and its Uses,” Tram Am.Inst. M.E., vol. xvii.
188 355,
§ VVa.ll Report on the Geology of Trinidad. London, 1860, pp. 94, 140.
Il Malo, op. cit., p. 75. 9 Greene, op. cit.
*< Notice sur la Socidté civile de bitume et d’asphalte du Centre. Paris, 1889,

p. 7.
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Per cent.
Bitumen . . s 5 . 5 . 670
Clay 2 3 5 2 5 2 113500
Peroxide of iro: . - g s o 2460,
Lime 5 . 3 2 5 - . 45°00
Magnesia 3 > 8 3 5 e 20)
Sulphuric acid . 5 4 5 . 020
Phosphoric acid . o 5 3 . 020
Carbonic acid, water and loss 3 . 3860

99°60

Barytes.—This mineral frequently accompanies lead ore, but
veins are sometimes worked for it alone, as at Wotherton in
Shropshire.

Borax.—The American borax deposits* now being worked are
situated in a vast depression known as the Great Basin, which
exists between the Sierra Nevada on the West and the Rocky
Mountains on the East. Much of the region is a desert with
rivers and lakes which have no visible communication with the
ocean. The rivers lessen in volume gradually from absorption
and evaporation, and end in lakes. During the rainy season soda is
dissolved out of felspars contained in the lava which covers much
of the country, and in the dry season the salts of soda crystallise
out at the surface in the form of efflorescent crusts, 1z to 18
inches in thickness. The rain dissolves the erust, which is carried
away in solution into the rivers, and eventually into depressions
which form saline lakes.

The two principal deposits, known as Borax Lake and Teel's
Marsh, were discovered in 1873 ; the former lies in the Mojave
desert in California, 450 miles S.E. of San Francisco, and the
latter is in Nevada. The Borax Lake is oval in shape, its
greatest length and greatest breadth being 12 miles and 8 miles
respectively (Fig. 17). The greater part of the lake is covered
with a hard crust from a few inches to several feet in thickness,
consisting of various salts. On the top of this crust there is
usually white efflorescent matter mixed with sand, whilst under it
is black mud containing much iron sulphide, saline matter, and
sulphuretted hydrogen.

The lake may be divided into three sections, containing respec-
tively: (1) borax, (2) bicarbonate of soda, (3) common salt.
Near the centre of the borax section, an area of about 300 acres
is covered with water, 1 inch to 1 foot deep, and the mud under-
neath is full of large crystals consisting of carbonate of soda and
common salt, with a large proportion of borax. The ground
around this “crystal bed” is a dry hard crust containing car-
bonate and sulphate of soda and 1 per cent. of borax. Upon this
hard crust there is efflorescent matter containing on an average :

* ¢, Napier Hake, “ An Account of a Borax Lake in California,” Journ.
Soc. Chem. Ind., vol. viii. (1889), p. 854.



24 ORE AND STONE-MINING.,

Per cent.
Sand . 5 . . . 3 4 .. 5O,
Sulphate of soda 5 : 5 SR O
Common salt . . , 3 k L2
Carbonate of soda 5 . : % . 1o
Borax . i 5 3 K Ey Sutiid
100

This surface efflorescence, which is about an inch thick, is
scraped off with shovels and swept into windrows, leaving space

Fia. 17.

Borex Deposit................. === |
Bi-carbonate of Sodsa........ [T
Chloride of Sodium &c.... XN

enough between them for a cart to pass. When the surface has
been cleared, the moisture finds its way up again by capillary
action and is evaporated by the sun. The formation of the
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efflorescence is allowed to go on for three or four years, and then
the new crop is scraped off. The sand is blown on by high
periodical westerly winds.

The question naturally arises : Why is the borax mainly con-
fined to one part of the lake? It appears:necessary in order
to produce the efflorescence that the crust should touch the
water, so as to get a supply of the saline matter. The borax
section is the lowest part of the lake, and the hard crust dips into
the water. 'When the level of the water is low during a very dry
season, the formation of the efflorescence goes on slowly or ceases
altogether. In addition to borax there are sundry deposits of
borate of lime in the same region.

Boric Acid.—Boric acid is obtained in considerable quantities
from gaseous emanations which come to the surface through in-
numerable fissures, probably dislocations, in the Xocene and
Cretaceous rocks of Central Italy.* The best known localities
are the four contiguous parishes of Pomarance, Castelnuovo di
Val di Cecina, Massa Marittima, and Montieri, in the province of
Pisa. A pit is dug around any natural  steam. -puff,” or ¢ blower ”
(soffione), water is run in, and the steam and other gases, which
boil up through it, leave a little boric acid in solution. The
gases that escape are steam, a good deal of carbonic acid and
nitrogen, some oxygen, and a little sulphuretted hydrogen. The
very weak boracic solution is concentrated by heat derived from
some of the steam-puffs. The total production of the provinces
of Pisa and Grosseto in 1891 was 1775 metric tons of boric
acid, worth £35,500, and 2056 tons of borax worth £ 53,456.

Carbonlc Acid.—Liquefied carbonic acid is now a regular
article of commerce, and Germany has taken the lead in utilising
the natural supplies of the gas. In 1883 a bore-hole was .put
down for carbonic acid at Burgbrohl,f near Andernach on the
Rhine, and since then others have been made at Obermendig,
Ténnistein, Honningen, and Gerolstein. All have been successful ;
they show that the subterranean supplies of carbonic acid are very
plentiful, and that in places where the gas is already known to
issue, nothing but a comparatively shallow hole is needed to
increase the quantity very considerably.

At Honningen, about five-eighths of a mile (1 kilometre) from
the Rhine, an emanation of carbonic acid gas had long been
known, and was piped off to compression works before any boring
had been made. The rocks in which the carbonic acid ocecurs
at Honningen consist of greywacke and clay-slate, with vein-like
masses of quartz ; they belong to the Lower Devonian or so-called

* Jervis, Guida alle Acque Minerali d Italia, Turin, 1868, p. 121 ; and
1 Tesori sotterranei dell’ Italia, Turin, 1874, p. 427.

+ Heusler, Sitzungsberichte der nwderrhezmschen Gesellschaft fiir Natur- und
Heilkunde in Bonn. Meeting of July 9, 1888.
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Coblentz beds, and the bore-holes at Burgbrohl, Obermendig, and
Tonnistein have been put down in strata of the same age. -

The Hénningen hole was bored with a diameter of 13 inches
(33 cm.) to a depth of 230 feet (70 m.) from the surface. The
first water containing carbonic acid was met with at a depth of
92 feet (28 m.), and it still remains at this level. The quantity
of gas is greater than was given off by the old emanation at
the surface, and is reckoned to be 500 litres (nearly 18 cubic feet)
per minute, corresponding to 720 cubic metres (25,428 cubic feet)
of gas, or 1 kilog. (2°2 1bs.) of liquid carbonic acid in twenty-four
hours.

The Hénningen spring differs from some others by the fact that
at a depth of 230 feet (70 m.) the water is already at a tempera-
ture of 72° F. (22° C.), and probably a higher temperature would
be reached if the hole were deepened. A second hole has been
bored to a like depth by another company at a distance of 50 feet
(15 m.) from the first, and a good supply of gas has been
obtained.

At Gerolstein the bore-hole passed through alluvial gravel into
solid dolomite, and was stopped at a depth of 156 feet (474 m.).
It seems probable that the hole has penetrated into a wide fissure
filled with loose fragments of dolomite. The water which flows
out contains such an excess of carbonic acid that it froths up at
the surface. The quantity of water coming up is 8476 cubic feet
(240 cb. m.) in twenty-four hours, with an estimated minimum of
1060 cubic feet (30 cb. m.) of carbonic acid gas per hour.

Though natural outflows of this gas are common, especially in
volcanic regions, the number of places where they are utilised
commercially is small. In addition to the German localities, I
may mention two places in Italy.* There are springs of water
impregnated with carbonic acid and emanations of the gas at
Cinciano, in the Valle d’Elsa, province of Siena, which are used
for making pure bicarbonates of potash and soda from the crude
carbonates, and also for making white-lead from the acetate,
the gas being perfectly free from any sulphuretted hydrogen.
Similar blowers (soffioni) at Montione, near Arezzo, are em-
ployed for the latter purpose.

Clay (including common clays, china-clay, fire-clay, . fuller’s
earth, pipe-clay, potter’s clay).

As a rule, clay occurs in the form of stratified deposits, and this
is the case with an important British clay, the fire-clay of the Coal
Measures, which is found in beds sometimes several feet in thick-
ness and usually under a seam of coal. The coal is often too thin
tu be worked and may be only 1 inch thick, but both coal and the
underlying fire-clay may be worth working together. Various
beds of clay of Secondary and Tertiary age are dug in England

* Jervis, Guida alle Acque Minerali & Italia. Turin, 1868, pp. 54, 63.
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for making pottery, drain pipes, and Portland cement. The beds
of fuller’s earth near Bath are of Oolitic age, whilst those which
are mined in Surrey belong to the Lower Greensand.

The china clay* of Cornwall and Devon exists in 1rregular
deposits of a totally different nature; they consist of granite
decomposed in situ, not by atmosphenc agencies as is often
stated, but far more probably by hydrofluoric acid brought up
by deep—seated fissures. That the decomposition was due to the
veins or fissures seems evident from the fact that the altered rock
occurs in bands adjacent and parallel to them. Where the
veins are numerous a very large mass of china clay may be found,
extending for a width of a hundred or more yards, and a length
of a quarter of a mile or half a mile along their strike; the depth
to which the alteration of the granite continues is quite unknown.
The veins are often tin-bearing, and workings for tin have led to
the discovery of china clay; indeed the two minerals may be
worked together. The altered granite consists of quartz, white
mica, sometimes a little gilbertite, and felspar which has been
more or less completely converted into kaolin. This last mineral
is easily separated when the soft rock is washed down by a
current of water, for it is so finely divided that it is the last to
settle when the milky stream is led into depositing pits.

Cobalt.—The cobalt ore worked at Skutterud in Norway is
found in certain bands of quartz
schist and mica schist which Fic. 18.
contain small particles of cobalt
glance, skuttﬁerudite, _cobalti- < °° ot
ferous mispickel, ordinary mis-
pickel, iron pyrites, and other
metallic sulphides.

The accompanying figure (18)
illustrates what I saw at Skut-
terud some years ago; @, @, a,
are bands of mica schist with
little or no cobalt ore; b, b, are
bands of quartz schist containing b ab a c a
the cobaltic minerals dissemi-
nated through them, and ¢, a cobaltiferous band of mixed quartz
schist and mica schist.

The rocks appear to be altered sedimentary strata, and the
deposits must be spoken of as beds.. The strike is N. and S., and
the beds dip at a very high angle to the east. Quartz schist is
the rock most likely to be cobaltiferous, the mica schist may be
also worth working, but hornblende schist is poor. The cobaltic
beds are commonly two or three fathoms wide, but a number o'f

* J, H. Collins, The Hensbarrow Granite District. Truro, 1878. And,
“On the Nature and Origin of Clays : the Composition of Kaohmte,”
Min. Mag. London, vol. vii. (1887), p. 205.
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adjacent beds may produce a much greater thickness of cobalt-
iferous rock.
In New Caledonia® the mode of occurrence is totally different.

FiG. 19.
a a .BXXT=R Yeen of Cliromic Iron
s a a'a’ TEETEBd of fragmenls of Chromic Irvn
S P derived from the Veins
a E==S18ed 0f Codalliferous Manganue ore

A A R Clay
S S Jerpentine

The cobalt is found as a hydrated oxide, without a trace of
sulphur or arsenic, intimately associated with hydrated oxide of
manganese, in irregular ¢ pockets” of red clayin serpentine. In
Fig. 19 8 is the serpentine and A the red clay; a a represent
veins of chromic iron in the serpentine; ' @ is a little stratum
of fragments of chromic iron derived from these veins, whilst 5 b
are beds of cobaltiferous manganese ore in the clay. The ore
lying about on the surface or obtained from these pockets has from
2% to 3 per cent. of cobalt.

At Rhyl, in Flintshire,t there is a curious irregular cavity in

Fia. 20.
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the Mountain Limestone filled up with red clay which encloses
small lumps of asbolane. This deposit was worked on a small
scale for several years.

Copper.—The most important copper mines of the world

* Levat, “ Mémoire sur les progrés de la métallurgie du nickel.” Ann,
Mines, ge sene, vol. i. p. 147.
+ Irans. R. Cornwall Geol. Soc., vol. x. p. 107.
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nowsdays are those of Mansfeld in Germany, Rio Tinto and
Tharsis in Spain, San Domingos in Portugal, Lake Superior,
Arizona and Montana in the United States.

Germany.—Copper mining has been carried on near Mansfeld, in
the Prussian province of Saxony, since the commencement of the
twelfth century, and the district is specially interesting from the
fact that the ore is found in a bed or seam, which can be worked with
profit in spite of its thinness and comparative poverty in metal.

The Mansfeld district (Figs. zo and 2t) is mainly occupied by
the rocks of the following formations :—

Trias . : : : . 3. Bunter Sandstone.
{ 2. Zechstein.
1. Rothliegendes.

(1) “Das Rothliegende,” or the red floor,is the old miners’
name for the sandstone and breccias lying almost immediately
below the bed of cupriferous shale. In contradistinction to the
ore-bed, it is also called “das Todtliegende” (the dead floor). It
can always be distinguished by its characteristic red colour. One
of its most constant beds is the so-called ¢ porphyry con-
glomerate,” consisting of pebbles of milk-white quartz, hard
siliceous slate, and grey and reddish porphyry,

(2) The Zechstein formation consists of three divisions. The
lowest division comprises the “ Weissliegendes,” the bed of copper
shale and the Zechstein. The middle division consists of the
anhydrite or older gypsum, or of its equivalent the ¢ Rauchwacke,”
¢ Asche,” ¢“Rauhstein ” and Stinkstone ; the upper division is
made up of variegated clays with intercalations of gypsum, the
residues left when some of it is dissolved away (Ascke), and cal-
careous or dolomitic concretions.*

The ¢ Weissliegendes ” is petrographically like the ‘ Rothlie-
gendes” below it, and is looked upon by many as merely an
uppermost bed deprived of colour. Above it with great
regularity comes the ore bed, a blackish, bituminous, marly shale,
about 15 to 18 inches thick.

The ore of the shale bed is usually disseminated through it in
the form of fine particles (Speise), which impart a metallic glitter
to the surface of cross-fractures. A golden yellow colour indicates
chalcopyrite, a bluish and reddish variegated look, bornite, and a
steel grey, seen more rarely, is due to copper glance; whilst a
greyish yellow denotes a predominance of iron pyrites, and a
leaden grey, galena.  The following minerals also occur : cinnabar,
blende, kupfernickel, speiskobalt, and compounds of manganese,
molybdenum and selenium. Oxidisedores are found at the outerop,

Permian

* The figures and some of the details concerning the Mansfeld mines are
borrowed from a pamphlet entitled, “ Der Kupferschieferbergbau und der
Hiittenbetrieb zur Verarbeitung der gewonnenen Minern in den beiden
Mansfelder Kreisen der Preussischen Provinz Sachsen.” Eisleben, 1880,
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and are naturally of secondary origin. In addition to the finely
disseminated grains, there are often small strings of bornite and
copper glance, generally parallel to the bedding, and thin coatings
of copper glance, bornite, chalcopyrite, and native silver along the

Fic. 21.
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planes of bedding or in cross joints. Finally there may be small
nodules of copper ore lying singly.

The whole of the bed of copper shale is ore-bearing; but, as a
rule, only the bottom 3 or 4 inches are rich enough to be worked
with profit. Occasionally 6 or 7 inches can be taken, and in ex-
ceptional cases the whole of the bed goes to the smelting works.

Although there are minor variations, the shale is fairly regular
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as regards ore-bearing when dealt with on a large scale. On an
average, in the true Mansfeld district, between Gerbstedt and
Eisleben, it contains 2 to 3 per cent. of copper and 163 oz. of
silver to the ton of copper (5 kil. per metric ton).

The importance of the copper shale will be appreciated from
the fact that in the year 1888, 14,178 persons were employed at
the mines, or more than all the miners of Cornwall and Devon.
The output of ore was 469,716 metric tons, which produced
13,600 metric tons of refined copper, and 77,950 kilogrammes
(208,845 Troy pounds) of silver. _

Spain and Portugal.—The famous mines of Rio Tinto,*

F1a. 22,
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Tharsis, and San Domingos are contained in a great metalliferous
belt of country, 140 miles long by 30 miles wide, stretching
across the province of Huelva in Spain and into Portugal. The
rocks consist of slate of Upper Devonian age, often altered
locally into jasper, talc schist, chiastolite schist, etc., with great
intrusions of quartz and felspar-porphyries, diabase, quartz-
syenite, and granite. The geological horizon of the slate has been
determined by finding Posidonomya Becheri, P. acuticosta, a
goniatite allied to G. subsulcatus and other fossils. The strike of
the slates is about 15° to 25° north of west, and the dip either

* Collins, ¢ On the Geology of the Rio Tinto Mines, with some General
Remarks on the Pyritic Region of the Sierra Morena,” Quart. Journ. Gecl.
Soc., vol. xli. (1885), p. 245. :
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vertical or at ahigh angle to the north. Through having the same
general strike as the slate, the masses of porphyry may appear to
be interstratified, but a close examination of the junction proves
them to be intrusive,

As shown by the map (Fig. 22), there are four principal
deposits of pyrites at Rio
Tinto, viz., the North
Lode, the South Lede,
the San Dionisio Lode,
and the Valley Lode.
They all occur at or
near the junction of the
porphyry and the slate ;
and they are supposed by
Mr, Collins to occupy
cavities produced by fis-
sures. On the other hand,
the somewhat similar
deposit of the Rammels-
berg mine in the Hartz
is now unanimously con-
sidered by geologists to
be of sedimentary origin,
and to be strictly con-
formable to the surround-
ing beds of slate.

The South Lode, the
one most largely wrought
hitherto, is sometimes as
much as 450 feet (140 m.)
wide, and is known along
the strike for a distance
of about a mile, or, in-
deed, for two miles if the
San Dionisio lode is con-
sidered to be an extension
of it to the west. Fig.
23 is a cross-section of
the South Lode at San
Inocente shaft, and Figs. 24, 25, and 26 are taken at points a
little to the east.

F1a. 23.
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Figures* 27 and 28 show the curious manner in which the San
Dionisio lode swells out suddenly at a depth of about r50 metres
from the surface, and actually attains the enormous width of 200
metres. A, is slate; B, porphyry; C, cupreous pyrites; D,iron
ore, the ¢ gozzan” or iron cap of the lode. The slate is dipping
steeply towards the lode, as indicated by the lines denoting planes
of bedding. The hatching of C itself does not represent any
structure. It will be interesting geologically and important
commercially to watch the further development of the workings
upon this remarkable lode.

The character of the ore varies a good deal. Mr. Collins
names fourteen different kinds. The principal are: (1) Ore
treated for copper on the spot, and (2) that which is exported.
The former consists of fine-grained and compact iron pyrites
with 1 to 2% per cent. of copper, existing as copper-pyrites
minutely disseminated throughout the mass, and the latter only
differs by being richer in copper, and containing up to 3% per
cent.

Little veins of copper-pyrites, erubescite, and occasionally
copper-glance, more or less -

mixed with iron - pyrites, F1a. 27.
quartz, blende, and other T -
minerals, traverse the mass, \\\\\ : f\\\\‘li\\& -
and there is sometimes a ! \\\\ ’
compact mixture of galena, Ty \M\\ A
blende, chalcopyrite, and \\ \(\‘\.\\ ¥ A
iron-pyrites resembling the \\\ \\\\ ‘ .9
“ bluestone ” of Anglesey. A \\\\\

Few mines in the world \\‘kr\ £

are of more importance
than Rio Tinto. The quan-
tity of ore extracted in
1892t was 1,402,063 tons of
21 cwt., of which 995,151
tons were for local treat-
ment and 406,912 for shipment to Great Britain, Germany,
angd the United States. The average percentage of copper was
2-819.

The deposits of iron ore marked on the map are horizontal
beds, probably formed at the bottom of lakes in Miocene times.
The ore is brown hzmatite, with varying proportions of silica.
The sections show that the upper part of the pyrites has been
converted into a gozzan ; much of this is a good iron ore, and is
being stocked for disposal at some future time.

* From drawings kindly supplied by Mr. James Osborne, the general
manager of the Rio Tinto Mines.
t Rio Tinto Co. Ltd., Twentieth Annual Report, April 1893.
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The Tharsis and San Domingos mines are likewise vast under-
takings, and the total imports of cupreous iron-pyrites into this
country alone from Spain and Portugal in 1891 amounted to
608,000 tons, worth over one million sterling.*

Fig. 28.
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United States.—Crossing the Atlantic, we will now turn our
attention to the mines on the southern shore of Lake Superior,
which are remarkable for their productiveness, and which are
equally attractive to the geologist and to the miner.

The copper-bearing districtt lies on a long peninsula, 15 to 20
miles wide, with a north-easterly trend, which projects into Lake
Superior (Fig. 291) some 6o miles beyond the general run of
its southern shore, and terminates in Keweenaw Point. The
western half of the peninsula is formed by rocks belonging to the
Keweenaw Series, considered by many to be younger than the
Huronian and older than the Cambrian. They consist of sand-
stones and conglomerates, interstratified with flows of eruptive
rocks of various kinds.

The beds dip to the north-west, at an angle of 22° in the
northern part of the mineral district, and in going south the
dip increases to 56°. The outcrop of the actual copper-bearing
part of the series occupies a belt of country from 4 to 5 miles
wide.

* Min. Stat. for 189r. London, 1892, p. 59.

+ R. D. Irving, “ The Copper-bearing Rocks of Lake Superior,” United
States Geol. Survey. Washington, 1883. Douglas, *“ The Copper Resources
of the United States,” Trams. Amer. Inst. M.E., vol. xix. 1890, p. 679;
and Jour. Soc. Arts, vol. xli. 1892, p. 39. :

1 Engineering, vol. 1. 1890, p. 553; and Guide-book prepared for the
members of the Iron and, Steel Institute, 1890,
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The modes of occurrence of the copper may be classified as
follows :
& “Bios { 1. Copper-bearing conglomerate and sandstone.
: 2. Copper-bearing amygdaloid.
B. VEINs.

A. (1) The deposits of the first class are beds of conglomerate
and sandstone impregnated with native copper. In most cases
the cupriferous beds are interstratified with diabase flows; but

F1a. 29.
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this connection between the proximity of diabase and the presence
of copper is not universal. The copper occurs as the cementing
material of the pebbles and grains of sand, and also replaces the
pebbles themselves, large stones several inches or even a foot in
diameter being converted into the native metal. The copper has
evidently been deposited from aqueous solutions. By far the
greatest proportion of the Lake Superior copper is obtained from
these conglomerates.

A. (2) The cupriferous amygdaloids are portions of the old lava
flows, and are not strictly speaking beds as defined, though it is
convenient to call them by that name.

Often they are highly altered and have lost all sign of having

“ZESE LIBRARSN
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~once been vesicular; the native copper which they contain must
have found its way in long after their eruption.* It is usually
very irregularly distributed, and the parts rich enough to be
worked may he surrounded by much poor or barren rock. The
presence of epidote and calcite is regarded as a good indication
for the proximity of eopper.

B. As the cupriferous lava beds and conglomerates are locally
called ¢ veins,” it is necessary to say that the real veins run in
a direction at right angles to the general trend of the beds, and
are almost vertical. Their usual width is from one to three
feet, but it may become as much as 1o, 20, and even 3o feet.
They are largest and richest when they have amygdaloid or loose-
textured diabase for their walls, and they become pinched up and
worthless in the compact greenstone or sandstone. To a great
extent they consist of altered rock, and are an instance of lodes
formed by replacement of the ¢ country.” According to Irving
these veins were formed by copper-bearing solutions which found
a path through zones of fissured rock, instead of following certain
easily permeable beds. The copper is in the native state, and
generally in masses-of considerable size, the largest found weigh-
ing nearly 600 tons.

The following statistics relating to the Lake Superior mines
are taken from a guide-book prepared for the members of the
Iron and Steel Institute in 189o0.

| 1'1‘ x| Tons T Per cent.| Dividends
. Nature of | Depth 1088 FO¢%| pefined s copper to date.
Name of Mine. e hoisted Copper | .
deposit. |in feet. Copper . | inrock
i ] 1889 lgspg. to date: stamped.| Dollars.
|
Allouez . .| Conglo- | 1700 | 126,125 881 11,427 076
merate | }

Calumet and { ]

Hecla . . s | 3750 | 807,918 | 24,334 | 301,538 | 3'0r |33,359,000
Peninsula . 3 600 — 368 — —
Tamarack . » 2818 | 196,707 | 5,518 | 16,624 | 3'26 | 1,200,000
Atlantic. .| Amygda- 1660 | 288,040 | 1,849 23,786 | 066 560,000

loid
Copper Falls 55 1500 == 435 10,789 | o°70 100,000
Franklin . & 2620 | 186,740 | 2,173 | 31,961 | 1°87 960,000
Huron . . 9 1800 | 159,333 | 1,109 | 10,652 | o0°g8
Kearsage. . 5 ’ 1000 | 76,541 960 1,384 171 80,000
Osceola . . » 2162 | 208,299 | 2,631 | 25,312| 129 | 1,222,500
Quincy . . & | 3070 | 123,998 | 3,203 | s3,250| 272 | 5,250,000
Central . . Veins | 2900 | Mostly 635 | 20,355 |  — 1,930,000
mass.

As will be seen from these figures, the Calumet and Hecla
mine is the most important on Lake Superior. The bed of
copper-bearing conglomerate is from 8 to 25 feet thick, and

* Irving, Op. cit. p. 421.
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about 12 feet on an average. The dip is 374° to the north-west.
The depth of the mine which is given in the table is measured
on the dip, and would be about 2,280 feet if measured vertically ;
but these figures are now greatly exceeded, and shafts are being
sunk which will enable the Calumet and Hecla and the Tamarack
mines to be worked to the enormous depth of 5ooo feet.

The very low percentage of copper in the Atlantic amygdaloid,
which nevertheless is worked at a profit, is remarkable ; but,
unlike the amygdaloids generally, the Atlantic rock is very
regular in its yield. This makes up for its poverty.

Arizona* produces large quantities of oxidised ores of copper,
especially the oxide and carbonates, which occur in or adjacent to
the Carboniferous limestone. Sometimes there are irregular ore-
bodies at the contact of the limestone with granite or with sand-
stone. DMasses of sulphuretted ores which have escaped decay
show whence the oxidised ores have been derived.

The Butte district, Montana,} has surprised the world of
late years by the enormous quantities of copper ore which
it has sent into the market. The deposits are east and west
lodes in granite, usually dipping steeply to the south. The
main lode, which supports the celebrated Anaconda and Parrott
mines, has proved productive for a distance of three miles along
the strike. The principal ores are erubescite, copper glance,
and chalcopyrite. HKverywhere near the lodes the granite is soft
and friable, and often contains ore-bodiés. Though the granite
has been greatly fissured, it seems likely that much of the ore
does not fill up eracks, but has gradually taken the place of the
rock by a process of substitution. The width of the lodes varies
considerably ; however, on an average it may be taken at ten feet.
The copper ore is silver-bearing, the proportion varying from % oz.
per unit of copper to 2 oz. per umt

The upper parts of the veins consisted of oxidised minerals, from
which the copper had been leached out almost entirely, but in which
the silver was retained and formed the original object of the mining,
At the Anaconda mine there was no copper worth speaking of
for the first 400 feet in depth; then came a rich zone of
oxisulphides and erubescite, considered to contain some of the
copper which had been dissolved out of the vein at a higher level,
and after lasting for 200 feet it was succeeded by the unaltered
sulphides.

Diamonds.—By far the most important diamond district in
the world is Kimberley, in Cape Colony, 648 miles by rail from
Cape Town. Strange to say, most of the precious gems are

* Douglas, Op. cit.

1 Douglas, Op. cit. Vogelsang “ Mittheilungen iiber den Kupferberg-
bau in Nord-America,” Zeitschr. B.- H.- u. S.- Wesen, vol. xxxix. 189I,
p- 231. G. vom Rath, “ Ueber das Gangrevier von Butte, Montana,” N.
Jahrb. f. Miner. Geol. u. Paliont., vol. i. (1885), p. 158.
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obtained from four deposits situatedin close proximity to each
other ; indeed, all four are included in a circle three miles in
diameter. The masses of diamond-bearing rock may be described
ashuge vertical columns, of round, oval, or kidney-shaped section,
as shown by Figs. 3oand 31.* The unweathered diamond- -bearing
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rock, locally known as ¢“blue ground,” or “blue,” is a breccia,

consisting of fragments of shale, basalt, diorite, and a little

sandstone, cemented together by olivine rock containing diamonds

and various other minerals, such as bronzite, biotite, talec,

garnet, graphite, magnetite, and iron

F1a. 31. pyrites. The surrounding rocks, locally

called ““reef,” are beds of carbonaceous

and pyritiferous shale lying horizontally,

o and sheets of basalt and melaphyre,

T under which comes quartzite. The mela-

phyre is a hard amygdaloidal rock,

i which has also been called olivine dia-

7 ”"’f,’,;,i’."ga base.f Large detached masses of the

surrounding rocks are sometimes in-

sutreontewsd cluded in the “blue,” and are then

il known as “floating reef.” The upper

: parts of the deposits have been decom-

posed by atmospheric agencies, and changed into a soft friable

earth to a depth varying from 45 to 6o feet, and the colour is

yellow, instead of the slaty blue of the unweathered rock. The
surrounding rocks have naturally shared in this weathering.

DF BEERS MINE

e

* De Beers Consolidated Mines, Limited, Second Annual Report 1890,
including a technical report with plates
t Ibid. p. 13.
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The diamond-bearing rock appears to be the filling-up of the
necks or throats of old volcanoes by a mud from below. From
the frequent occurrence of droken diamonds it is fairly inferred
that the gems were not formed n situ, but were carried up
with the ¢ blue.”

Not only does the yield in ‘diamonds vary in the different mines,
but the diamonds themselves have their peculiar characteristics,
which enable the expert to say at once from which mine a stone
has been obtained. The average yield of the “blue ground”
per load of 16 cubic feet * is as follows :—

Value per carat

Area. Carats per load. in 1889.
Bultfontein . t Lo ite s L 3 Wigy =y 7
De Beers . . . . t3tor} . 2 Sl T R7e=356
Du Toit’s Pan . . w0y . . 119 10}
Kimberley 3 3 . I}tory . 2 S ARIE L oL

In addition to these four mines there are some other workings
in the neighbourhood, such as Wesselton and St. Augustine;
whilst at Jagersfontein, 8o miles to the south in the Orange Free
State, there is a similar deposit, producing stones of the finest
water.

The commercial importance of the diamond deposits cannot be
overestimated, for the value of the diamonds produced annually
at Kimberley is between three and four millions sterling, or more
than the value of the gold produced by any one of the British
colonies.t :

Until lately, the largest diamond found weighed 428} carats
in the rough state, and 228} carats after cutting; it came from
De Beers mine. This large stone has been eclipsed by one of g69%
carats discovered at Jagersfontein in the month of June last.

In addition to diamonds found in a solid matrix, there are
those from the river diggings. It was in the recent alluvium
of the Vaal River that diamonds were first discovered in 1867,
and though thrown into the shade by the output of the mines,
the gravel is still washed by parties of men scattered along the
banks of the river for a distance of 70 miles.

Diamonds are found in alluvial gravel and in conglomerate in
Brazil, India, and other localities.

Flint.—It may be thought strange by some that I give flint a

* Sixteen cubic feet of broken ground correspond to about 9 cubic feet
of solid ground.

+ Further information about the Kimberley diamond mines will be found
in the following publications :—T. Reunert, “ Diamond Mining at the
Cape,” History, Productions, and Resources of the Cape of Good Hope. Cape
Town, 1886. C. Le Neve Foster, *Mining Industries,” Reports on the
Colonial and Indian Frhibition. London, 1887. E. Boutan, *“Sur l'état
actuel des mines de diamants du Cap,” Génie Civil. Paris, January 26,
1889.
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place among the important minerals which deserve special de-
scription. My reasons for mentioning it are twofold. First, the
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Wall Stone A
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Hard Challe .

Floor Stone . 3 .

Soft White Chalke . .

Hard Chalk s 2 o
Rough and Smooth Blacks.

Soft Wkite Chalke .

earliest underground workings in this country were probably for
flint ; and secondly, flint affords a good instance of the replace-
ment of an original bed by another mineral.
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Pits in the chalk known as ‘‘ Grime's graves,”* were at one
time a puzzle to the antiquary, but it is now generally conceded
that they are the mine shafts by which beds of flints were worked
for the manufacture of stone implements in Neolithic times.

This old trade of flint mining still survives at Brandon in
Suffolk, for though stone hatchets and arrow-heads are no longer
wanted, there is still a market for gun-flints in parts of Africa. The
mode of mining the stone, splitting off flakes and krapping them
into gun-flints has been admirably described and illustrated by
Mr. Skertchlyt in one of the ¢ Memoirs of the Geological Survey
of England and Wales.” Fig. 32 represents a section of the beds
in which the flint occurs. It shows that the layers of flint are
sometimes continuous, and sometimes consist merely of a succession
of nodules which do not touch each other. Some of the flint has
knobs and even hLorn-like projections, the transformation from
chalk into silica not being confined strictly to one particular layer
of the original sea-bottom. The principal bed is the ¢ floor-stone,”
No. 20, about 8 inches thick, but other layers are mined from
time to time for building stone or gun-flints.}

Freestone.—Freestone is largely quarried in England from
beds of Jurassic age, and the so-called “ Bath stone” is not only
quarried but also mined at Corsham in Somersetshire, and at
‘Weldon in Northamptonshire. The bed worked in the Corsham
underground quarries varies from 8 to 24 feet in thickness, lying
almost flat ; it is a typical oolitic limestone which can be sawn
freely in any direction.§

Gold.—This metal is so widely distributed over the earth that
it will be impossible to compress into the space at my disposal
anything more than a very summary description of the principal
modes of occurrence in beds, veins, and masses.

DBeds—During the last few years the attention of cap-
italists, miners, and geologists has been often directed to the
marvellous resources of the Witwatersrand|| or simply ¢ Rand”
goldfield, in the Transvaal or South African Republic, and
situated about 35 miles south of Pretoria, the capital. The gold
is obtained entirely from beds of conglomerate or puddingstone
called banket, which is the Dutch name for almond rock, the
hardbake of the British schoolboy, because the pebbles look like

* The word “ grave” no doubt corresponds here to the German Graben,
a ditch or trench, and has no reference to burial.

1 On the Manufacture of Gun-Flints, &c. London, 1879.

T A more or less regular and continuous layer of flints-is locally called a
sase or sese, which recalls the French word © assise.” :

§ C. Le Neve Foster, “Some Mining Notes in 1887,” Trans. Min. Assoc.
and Inst. Cornwall, vol. ii. p. 136. Camborne, 1888.

|| A very complete summary of papers upon South African Geology is
given by Mr. Gibson in his memoir, “ The Geology of the Gold-bearing and
Associated Rocks of the Southern Transvaal,” Quart. Jour. Geol. Soc.,
vol. xlviii. (1892), p. 406.
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the almonds in the sugar. The
layers of auriferous conglomerate

As would naturally be expected
in the case of beds which must have
been deposited in shallow water,
there are frequent variations of

$E% lie conformably among beds of
& f sandstone, shale, clay, and quartzite.
£:°F At Johannesburg the beds strike
23 5 east and west and dip to the south.
©7.g - The conglomerate consists mainly
$78 of pebbles of white quartz, and in
$29° . the upper parts of the workings
S 9<% theyarecemented together by oxide
§c5g @  of iron, sand, and clay. Below the
Eg&’ £ influence of atmospheric agencies,
£.54 the cementing material is found to
¢&%5 ¢ consist largely of silvery-grey mi-
255 caceous matter with cubical crystals
S 8S  of iron pyrites, and the colour of
£ Ec'% the banket changes from red and
©§% 2 brown to blue and bluish grey. Tt
::'\g"g:: is quite evident from the examina-
GRS 3'50 tion of specimens that much of the
g §QSFE ferruginous matter in the upper
2=28 parts of the conglomerate is derived
'S'z:: ~. from the decomposition of iron
s &~ pyrites, and visible gold is seen in
27C§ the cavities formerly occupied by
T8 2 ® crystals of that mineral. The bulk
<= 58 of the gold is said to exist in the
~® 58 cementand not in the pebbles; but
2y 'g'g some assays made by the late Mr.
=222  Richard Smith show that this is not
&SI - invariably the case. :
S Fig. 33,% a section across the
% 2.~ Balisbury Mine at Johannesburg,
28%% shows four beds of auriferous con-
<832 glomerate, known respectively as
TEYS the North Reef,the Main Reet, the
g €% Main Reef Leader, and the South .
’353'; 5 Reef.

o S 2

828

merate and grit,

a, red, flaggy, decompo

s%o': character and thickness in a short
3 E} distance. \ :
2an Whilst certain beds of conglome-
2 & rate are auriferous, others are not,
o5

- O v

~ 8 to

* Gibson, Zbid. p. 411.
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or contain merely traces of gold. The sandstone, as a rule, is
not auriferous, but layers within the banket may be worth
working. The richest beds are the Main and South Reef with
some of the thin “leaders.” The gold is not distributed
uniformly through the bed of banket; but upon the whole there
is far greater regularity of yield than can be expected in a vein,
and as a rule the whole of the bed is worked away like a seam of
voal, without poor portions being left. The fact of being able to
form a rough approximate estimate of the probable yield of a
given area of banket is of the utmost commercial importance.

The Rand output in 1892* was 1,210,865 ounces of bar gold ;
the average total yield of the conglomerate stamped was 12} dwt.
of gold per ton, of which about four-fifths were obtained at once
by amalgamation at the mills, and one-fifth by subsequent treat-
ment of the tailings and concentrates.

The gold-bearing strata are supposed to be of Devonian age.

‘Whether the gold was deposited at the same time as the
pebbles of quartz, or whether it was brought by the subsequent
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a, hard grey siliceous shale ; b, massive quartzite, becoming
talcose and highly auriferous in zones; ¢, schistose quartzite,
becoming argillaceous in places; d, impure sandstone quartzite,
e, quartzose breccia with fragments of felsite and clay shale; f,
hard grey siliceous shale; g, highly auriferous sandy matter
resulting from the disintegration of the bed b.

infiltration of mineral solutions which found their easiest
channels of escape through the most readily permeable beds, has
not been decided ; but where the bulk of a deposit consists of

* Phillips, “ Address to the Rand Chamber of Mines,” January 26th
1893. ;
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materials of undoubted sedimentary origin, it is best for the
miner to call it a “bed ” or ¢ seam,” and leave the question of
origin to be settled later on by the geologist.
Fig, 34 represents a section of the Sheba mine, Barberton,*
where the gold is obtained from a bed of auriferous quartzite.
Fig. 351is a section of an auriferous alluvium in the Caratal
district of Venezuela.t

Fia. 335.

The following is the succession of the beds:—1. Soil. 2. Red
clay, showing no signs of stratification. 3. Soft clayey * moco de
hierro.” 4. Hard brown iron ore (“moco de hierro”), with
pieces of quartz in it and a little clay. 5. Blocks of vein-quartz,
often auriferous. 6. * Greda,” or pay-dirt, a yellow ferruginous
clay containing nuggets and small grains of gold. 7. ¢ Cascajo,”
decomposed schist, forming the “bed-rock.”

Fig. 36 explains how a superficial gold-bearing ¢‘rainwash”
may result from the denudation of a bed of auriferous gravel.

Some of the deposits of gold in Brazil occur under totally
different conditions. The precious metal is found in beds of
Jjacotinga, the local name for a friable mixture of micaceous iron,
earthy brown iron ore, oxide of manganese, lithomarge or tale, a
little quartz, and small lumps and granules of gold. The beds of
jacotinga occur as subordinate bands in the rock known as
itabirite, composed mainly of micaceous iron, specular iron, mag-

* MS. of C. J. Alford, F.G.S.
t C. Le Neve Foster, “On the Caratal Gold-field,” Quart. Jour. Geol.
Soc., vol. xxv, 1869, p. 340.
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netite, and granular quartz. Some of the beds of itabirite are
worked as iron ores.

Fia. 36.

1. Schist (“Cascdjo”) or felstone forming the bed-rock of a fer-
ruginous gold-bearing gravel (“‘moco de hierro”) 2z ; 3. Red fer-
ruginous earth (‘‘ Tierra de flor ”’) containing nuggets of gold.

Though the jacotinga forms beds, the gold is not uniformly dis-
tributed through it, but is concentrated in productive skoots.

Veins.—The veins usually consist in great part of quartz, and
contain in addition iron pyrites, or some other heavy metallic sul-
phides,such as galena, zinc blende, copper pyrites, magnetic pyrites,
stibnite and mispickel. The gold is principally in the metallic
state, even when enveloped in pyrites, which is so frequently the
case; but it occurs also in combination with tellurium, and with
bismuth.

The “Great Quartz Vein,” or *“ Mother Lode,” in the Sierra
Nevada of California is the first deposit that must be noticed ;
for it is remarkable by its length, its. width, the number of
mines which are dependent upon it, and their annual yield of
the precious metal. Some of the most important facts concerning
it have been described by Whitney.* The axis of the Sierra
Nevada is a mass of intrusive granite, which is flanked by meta-
morphic Triassic and Jurassic rocks ; the existence of fossils proves
the gold-bearing strata to be of Secondary age. The rocks in
which the principal gold veins of this region occur, are slates
of various kinds, such as clay-slate, talcose slate and chloritic
slate, which form a marked belt, sometimes 18 miles wide, running
through the country for fully rzo miles. The slates are accom-
panied by a band of serpentine sometimes a mile wide. “ Asso-
ciated with the serpentine is the very remarkable mass of quartz
known as the ‘ Great Quartz Vein, which may be traced for a
distance of 8o miles from Amador County to Mariposa County in
a general S.E. by 8. direction.”f ¢ This powerful lode is made
up of irregularly parallel plates of white compact quartz and
crystalline dolomite or magnesite,f more or less mixed with

* The Auriferous Gravels of the Sierra Nevada of California. Cambridge,
U.8., 1880, p. 45.

+ Op. cit. p. 46.

+ Whitney adds the note—*“In the only specimen which has thus far
been chemically examined, the supposed dolomitic portion proved to be

an intimate mixture of quartz and magnesite.”
EESE LIBRan~
mp F‘A"U'\
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green tale; and these plates, which somewhat resemble the
¢ combs’ of ordinary lodes, are either in contact or separated from
each other by intercalated layers of talcose slate.” ¢The quartz
is the auriferous portion of the lode, although it is far from being
uniformly impregnated with gold.” ¢ The talcose slate bands in
the vein are often themselves more or less auriferous.” In one
place the vein is 261 feet wide measured horizontally across it,
and it dips to the north-east at an angle of 60°. Whitney says
it is not proved to be a fissure vein, and he is more inclined to
consider it as a metamorphosed belt of rock. .

The map of the lode given by Collins,* shows seventy-seven
mines which are now being worked, or which have been profitably
worked in recent times, and we learn from him that the auri-
ferous quartz contains small quantities of metallic sulphides, such
as iron pyrites, mispickel, marcasite, chalcopyrite, and galena.
The quantity of gold produced from the quartz treated varies from
3 dwts. to 15 or 20 dwts. per ton, and the ¢ Great Quartz Vein”
or “ Mother Lode” is estimated to yield about two million dollars
worth of gold annually.

The gold veins, or “reefs,” in Victoria are found in the Upper
and Lower Silurian rocks. The gold is especially associated with

F1c. 37.
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iron pyrites; when it decomposes a cellular honeycombed quartz
is left behind, and the gold is unmasked and rendered visible
in the little rusty cavities. Other heavy metallic sulphides are
common here as elsewhere.

The peculiarities of the so-called “saddle-reefs” of the Sand-

* “Notes on the Great Mother Lode of California,” Jour. Roy. Inst.
Cornwwall. Truro. Vol. ix. (1886), p. 64.
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hurst or Bendigo gold-field, Victoria, which differ considerably
from typical veins, have been very clearly explained by Mr. T.
A. Rickard,* from whose useful memoir the following account is
borrowed. These reefs are arch-like masses of quartz conform-
able to the bedding of the surrounding Lower Silurian slate and
sandstone, as shown by the letters BA Cin Fig. 37. The part
A i1s called the ““ cap” or “apex”; B is the * west leg” and C the
‘“east leg,” because the main anticlinal axes strike N.N.W. and
S.8.E. The part D is known as the * centre country,” the rocks
to the east of C form the ¢ east country,” and those to the west
of B the “west country.” The inclination of the line of the
ridge, northwards or southwards, is
spoken of as the “pitch,” in order to
distinguish it from the dip of the
strata. There may be more than one
such saddle, or a long succession of
them, one below the other (Fig. 38),
but they are not all equally auriferous. -
Tnus, out of five which have been
discovered and explored at * 180”
mine, only three have proved to be
worth working for gold.

Similar masses of auriferous quartz
have been found at some of the
synclines (“inverted saddles”), and
worked to a slight extent. Very
large dividends have been paid by
many of the companies working the
“¢ saddle-reefs.”

Masses.—Having given examples
of auriferous beds and veins, I come
to masses. Treadwell mine,T situated SADDLES
on Douglas island, Alaska, owes its
existence to a mass of auriferous altered granite, 400 feet wide
and of considerable length. The rock, which appears to have
been a hornblende granite originally, now consists principally of
quartz and felspar, with a little calcite and specks of iron pyrites,
and it is traversed by strings of quartz, iron pyrites, and calcite.
The original rock was probably crushed and fissured, and then
brought under the action of solutions which penetrated into it
in all directions, and so produced the alteration. The yield is
considerably less than } oz. per ton, but as the deposit can be

* “The Bendigo Gold-Field,” Trans. Amer. Inst. M.E., vol. xx. (1891),

. 463.

1 G. M. Dawson, “Notes on the Ore-deposit of the Treadwell Mine,
Alaska,” American Geologist, 1889, p. 84 ; and Frank D. Adams, “On the
Microscopical Character of the Ore of the Treadwell Mine, Alaska,” Ibid.
p- 88.
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worked opencast, the cost of getting is low. Much of the gold is
free, and can be extracted by amalgamation in spite of its being
enveloped by pyrites.

This mass may be called a stockwork or net-work deposit.

The productive Mount Morgan mine,* near Rockhampton, in
Queensland, while astonishing the world by its richness, affords a
puzzle to geclogists which has not yet been satisfactorily solved.

The auriferous deposit, which is worked as an open quarry, is a
mass of brown haematite, sometimes stalactitic and containing a
little silica, which passes gradually into a ferruginous siliceous
sinter. Some of it is spongy and frothy in appearance, and so
full of cavities that it will float upon water like pumice. The
precise nature of the gold-bearing mass is well illustrated by
twenty views which accompany the ‘Third Report” of Mr.
R. L. Jack, the Government geologist.

Both the sinter and the brown iron ore contain gold, and
yield on assay several ounces to the ton. The auriferous stone
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a, pipe of geyser (theoretical) ; b, cup-deposit of geyser ; ¢, over-
flow deposit of geyser ; s, metamorphic rocks ; d, rhyolite dykes.

caps a hill rising about soo feet above the neighbouring table-
land, and the most important part of it is the actual top or crown,
an oval mass 300 yards long by 170 yards wide.

Mr. Jack considers that the deposit is the product of a geyser,
and he explains his views by the section (Fig. 39). This naturally
represents the present condition of the hill, much of the original

- geyser deposit being supposed to have been removed by denu-
dation.

The gold exists in a state of great fineness, and the metal
extracted is of extreme purity, for it contains 997 of gold,
the rest being copper, a trace of iron, and a minute trace of
silver. Dr. Leibius, of the Sydney Mint, speaks of it as the
richest native gold hitherto found.

Without having examined the deposit upon the spot, one
scarcely likes to criticise the conclusions of so able an observer
as Mr. Jack; but looking at his section of the No. 1 tunnel,
we find that the auriferous mass must repose upon highly
pyritous rocks, such as quartzite full of fine pyrites, in which the
latter constituent may sometimes predominate. The suspicion

* R. L. Jack, “ Mount Morgan Gold Deposits.” Brisbane, 1884. Second
Report, 1889 ; and Third Report, 1892.
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naturally crosses one’s mind that the gold-bearing cap may simply
be due to the decomposition and weathering of the pyritiferous
rock. Mr. Jack combats this theory, and says that it is dis-
proved by three facts: 1st. A dyke of dolerite in the quartzite
does not reach up into the overlying sinter. 2nd. The pyri-
tiferous quartzite is poor in gold. 3rd. The silica of the sinter is
hydrated. He therefore still maintains his original opinion that
the sinter and ironstone were deposited by a thermal spring on
the pyritous quartzite, and are not altered portions of it.*

Mr. Rickard, while disagreeing with the geyser theory,
concurs in Mr. Jack’s opinion-that the deposit is not an altered
portion of the pyritous quartzite, though he remarks that the

Mount Morgan rock bears a strong outward resemblance to the
decomposed outcrop of the Broken Hill lode in New South Wales.
This can be easily imagined from an inspection of the views given
in Mr. Jack’s third report, from which the outlines of Fig. 40
have been copied. The theory propounded by Mr. Rickard
(Fig. 41) is that the auriferous stone of Mount Morgan is rock
shattered by the intrusion of dykes, and then altered by the per-
colation of underground mineral solutions, which found an easy
passage through the cracked and fissured mass. He points out
that the gold may have been derived from the poor pyrites
disseminated through the quartzite, or from the sandstone of the
district, which has been shown to be auriferous.

The quantity of stone treated by chlorination at Mount Morgan

* Second Report, p. 4.
+ “ Mount Morgan Mine, Queensland,” Trans. Amer. Inst. M, IJ. vol. xx.
(1891), p. 133- i
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in the twelve months ended- 30th November, 1889, was 75,415
tons, from which 323,542 0z. of gold were obtained, equal to

Fia. 41.
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4 oz. 6 dwt. per ton. The gold was sold for £1,331,484, and
A 1,100,000 was paid in dividends.

Graphite.—The great graphite mines of the world are those
of Ceylon, where the mineral is found in layers from a few inches
to several feet in width, in gneissand mica schist. The graphite
is associated with quartz and a little iron pyrites.

There are various graphite deposits in Austria and Bavaria.*
At Kaiserberg, in Styria, the mineral is found in graphitic schist ;
the beds vary in thickness very rapidly from a few inches to 20 feet.

In Lower Austria, Moravia, Bohemia, and Bavaria graphite
occurs in gneiss usually accompanied by granular limestone. The
Passau graphite is in the form of small black scales, and appears
to take the place of some of the mica in a highly felspathic gneiss ;
the thickness of the beds varies greatly, but may be as much as
16 feet (5 m).

The Bavarian mines produced 3352 tons of graphite in 1888.

Gypsum.—As one of the principal uses of gypsum is for
making plaster-of-paris, we naturally turn to the French
metropolis for an example of the mode of occurrence of this
mineral. The gypsum is found in beds from 50 to 6o feet thick,
which are of Upper Eocene age (Fig. 352).

In England and elsewhere, the Triassic rocks have long been
remarkable for containing valuable beds of gypsum, and they are
largely worked in Derbyshire and Nottinghamshire. Fig. 42 re-
presents the layers of nodules in a gypsum mine at Kingston-on-
Soar, Nottinghamshire. There are three beds a few feet apartin
the New Red Marl. The bottom bed consists of large spheroidal
masses, varying from 5 to 8 feet in thickness, and 5 to 1o feet in
diameter ; above it are two layers of ¢ balls” and nodules, more
or less continuous. The highly gypsiferous marl, locally called

* Th. Andrée, “Der Osterreichische und bayerische Graphitbergbau,”
B. u. h. Z. 1890, p. 269.
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“fault,” B, between the big balls, A A, is left, so as to form pillars,
which support the roof of the workings.

‘White translucent alabaster for statuary purposes is mined at
Castellina Marittima,* in the province of Pisa. Its mode of
occurrence resembles that just de-
scribed, for it is found in irregular
spheroidal or kidney-shaped masses
called ““ ovuli” by the workmen, from
_ a few inches to several feet in dia-
meter, and occasionally weighing
more than a ton each. The grey
marl surrounding the nodules is of
Pliocene age. The alabaster is sac-
charoidal and very fine grained.

Ice.—Bysomepersons thismineral
may be considered beneath notice, but =
the trade in ice is so large that it L
deserves at least a passing mention. ™ * °  ° 7
The United States T are the largest meme FFE====r—r==r==\
producers of natural ice in the world,
and in some years 12,000,000 tons are gathered from the lakes
and rivers, and especially from the Hudson. The gathering in of
the ice crop affords employment to ¢ 12,000 men and boys, 1,000
horses, and 100 steam engines.” Much ice is exported from
Boston, and Norway also is a country with a large ice trade.

Iron.—This metal is very widely distributed over the globe,
and affords examples of many modes of occurrence, though veins
of iron ore are quite driven into the background by the yield of
beds, and especially those of the Jurassic age.

The most productive European deposits at the present time
are : the bed of iron ore in the Cleveland district, the masses of
red hematite in Cumberland and North Lancashire, the bed of
brown hematite in German and French Lorraine, and Luxem-
burg, and the beds of red and brown h®matite near Bilbao, in
Northern Spain.

The bed of ironstone worked in the Cleveland district of North
Yorkshire is found in the Middle Lias. Mr. Kendall} gives the
following general section of the rocks :—

* Jervis, I tesori sotterranei dell’ Italia, vol. ii. p. 419, and vol. iv. p. 318.

+ “The Trade in Ice,” Jour. Soc. Arts. London, 1890, vol. xxxviii.
p. 765.

+ “The Iron Ores of the English Secondary Rocks,” Trans. N. of Eng.
Inst. Min. Eng., vol. xxxv. (1886), p. 113. Barrow, ‘ The Geology of North
Cleveland,” Mem. Geol. Survey, 1888.
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t Description. 'l;::csk' Characteristic Ammonite.
| ——
\ Shale with cement stone | ft. in
i nodules (alum shale series) | 115 o | A. communis
I%I; & Shale with doggers* (jet rock
series) 4 48 o | A. serpentinus
Grey shale with doggers 30 0 | A. annulatus
(Ironstone (Main seam) . I 6 |) o rat
Shale with doggers 10 6 I‘ cATnE S
Ironstone (bottom seam) 2%9
Shale with nodules of clay
Middle J  ironstone 20 0
Lias | Ironstone in thin bands 1 E
Shale with  ferruginous 9 11a. e g
doggers . 30 0
Sandstone, sometxmes ﬂaggy.
calcareous, and ferruginous | 40 o
A. capricornus, Ja-
Liwer Shale with numerous thin mesoni, armatus,
Do limestones in the lowest oxynotus, Buck-
300 feet 700 O landi, angulatus,
and planorbis

Fig. 437 illustrates sections of the bed at Eston and Upleatham.

F1aG. 43.

Grey shale and ferruginous nodules

Ironstone (top block) in alternate hard and
soft layers, not worked 5

Iron:tone (main block), 'wor/zable jart of bed
at present .

Tronstone (bottom block) not worked

Shale

The Main Seam practically furnishes all the Cleveland ore.
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probably extends over an area of 350 square miles, though it

* Doggers are nodules of ironstone.

+ Kendall, Op. cit.

Fig. 5, Plate XIII.
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cannot be profitably worked over anything like the whole of this
district. The average thickness where worked is about 10 feet.
The beds dip very gently about 1 in 15, to the south-east. The
seam is thickest and best at Normanby, Eston, and Upleatham ;
in proceeding to the south-east, partings of shale appear, and
split up the main seam into numerous comparatively thin layers
of ironstone, with a smaller percentage of metal. Some of the
ironstone is oolitic and of a greenish grey colour, but much of it
is not oolitic, and is bluish grey in colour, resembling a mudstone.
The iron exists chiefly as carbonate, some of which, according to
Dr. Sorby, was deposited mechanically, whilst the rest was formed
chemically by replacement of carbonate of lime. As a general
average, it may be said that the ore contains 3o per cent. of
iron, The district produced 5,128,303 tons of ore in 1891.

The masses of red haematite worked in Cumberland and North
Lancashire have already been noticed (Fig. 14).

The great iron-field of Lorraine,* much of which became the
property of Germany in 1871 after the Franco-Prussian war,
stretches out from Nancy past Metz and Diedenhofen into
Luxemburg. It may be called 60 miles long by 10 to 12 miles
wide (100 km. by 15 to 20 km.).

The iron-bearing strata belong to the Lower Dogger or Brown
Jura (Inferior Oolite), and consist of marly sandstone, marl and
sandy clay, interstratified with beds of limestone and iron ore.

In places there is no iron, and in others, especially in the south
and on the eastern edge, the beds of ore are thin. On the other
hand, at Esch, in Luxemburg, four beds of iron ore and their
partings of limestone'and sandstone make up a total thickness of
65 feet (20 m.), and at Deutsch-Och and Oettingen three beds and
the partings are 32 feet (10 m.) thick ; then at Hayingen the total
thickness sinks to 20 feet (6 m.), and at Ars there is only one bed
5 to 6 feet thick. The strata are slightly undulating, but the
general dip is 1 to 2} in a hundred to the south-west. The iron
exists in the state of hydrated oxide, probably for the most part
as 2Fe,0,3H,0, which constitutes the roe-like grains which are so
characteristic of the ore.

The oolitic particles are enclosed in a calcareous matrix, which
may contain quartz, The matrix is always more or less ferru-
ginous, and sometimes consists of a greenish mineral, which is
probably a silicate of iron. The ore has usually from 32 to 38
per cent. of iron and from } to 2 per cent. of phosphorus ; there is
also a little sulphur, due to occasional small strings of iron
pyrites. The name “ minette,” or ¢ little, unimportant ore,” was
given many years ago to this bed in contradistinction to the

* Wandesleben, ¢ Das Vorkommen der oolithischen Eisenerze (Minette)

in Lothringen, Luxemburg und dem ostlichen Frankreich.” Der IV. All-
gemeine Deutsche Bergmannstag in Halle (Saale). Festbericht und Ver-

handlungen. Halle, 1890, p. 297.
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“mine” or “ minerai de fer fort,” a much richer ore found in the
neighbourhood, which is now no longer worked.

Nearly a hundred blast furnaces are dependent upon the
“ minette” for their supplies of ore, and in 1888 they produced
2,500,000 tons of pig iron, or 4o per cent. of the total production
of Germany, Luxemburg, and France. More than four-fifths of
all the iron ore raised in this last country is obtained from this
bed. The amount of ore still available in German Lorraine is
estimated at 2,100 million tons, or enough to maintain the pre-
sent rate of production for 750 years.

Sweden is justly famous for its great deposits of magnetite.
These are generally lenticular masses, often similar in shape to
the Rio Tinto copper veins, and enclosed by highly metamorphosed
rocks, such as gneiss, mica schist, and the hard compact Adlleflinta
of the Swedish geologists.

It would not be right to quit the subject of iron ore without
mentioning at least one of the mines situated in the neighbour-
hood of Lake Superior, where the Menominee, Gogebic, Vermilion
and Mesabi districts are producing large quantities of mineral.

At Chapin Mine* near the town of Iron Mountain (Mich.)
there are huge lenticular masses of hematite, which lie parallel
to the enclosing Huronian strata (Fig. 44).f One large lens is

\\ \ 2 7

I
N

half a mile long, 130 feet wide in the middle, and gradually
tapering out to a point at each end; it strikes 15° N. of W., and
dips from 70" to 80° N., and the axis of the lens pitches 30° W.
The ore contains about 63 per cent. of metallic iron, and only
ooy per cent. of phosphorus.

* Larsson, “ The Chapin Iron-mine, Lake Superior,” Zrans. Amer. Inst,
U.E., vol. xvi. (1887), p. 119.
+ Lngineering, vol. 1. (1890), p. 552.
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Lead.—Though lead ore is largely wrought from veins, one of
the great mines in the world obtains its supplies from a bed. The
lead-bearing sandstone at Mechernich, in Rhenish Prussia * is of
Triassic age (Bunter) and is on an average nearly 100 feet thick.
It rests upon and is covered by conglomerate, and is often split up
into two or more beds by thick partings of conglomerate. The
ore exists in the form of little concretions of galena and grains of
quartz, but these are not uniformly distributed through the sand-
stone. The concretions are from % inch (1 mm.) to { inch (3 mm.)

Fia. 45.

e rrata — =t
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A, greywacke ; B, conglomerate ; C, lead-bearing sandstone ;
D, conglomerate ; E, so-called ‘‘red rocks,” consisting of red,
yellow, and white sandstone, with variegated shales and clay.

in diameter, and are harder than the surrounding sandstone,
which is generally very friable, When the rock is pulverised
the little shot-like masses remain, and are called “knots” (Knotten),
" whence the name “ Knottensandstein ” given to the bed. The
amount of metallic lead in the sandstone is between 2 and
3 per cent. ; but the concretions themselves contain from 20 to 24
per cent. According to the statement of accounts presented to
the shareholders,? the average percentage of lead contained in
the whole of the sandstone treated in 1890 was 2°318; 347,706
cubic metres (454,806 cubic yards) of sandstone, were raised from
the mine and open work, and yielded 36,245 tons of lead ore for
smelting and 733 tons of potter’s ore. This would be at the rate
of 104 kil. of dressed ore per cubic metre, or 11 cwt. per cubic yard,
but it must not be forgotten that the bulk of the ore—i.e., that
which goes to the furnaces—is not highly concentrated and con-
tains only 54 per cent. of metal. The proportion of silver in it is
5% ounces (180 grammes) per metric ton.

The history of Leadville, in Colorado, seems like a romance
when we read of the rapid development of the mines, the creation
of alarge and important town, the erection of smelting works
and the building of railways, under very adverse conditions, in

* Der Bergbau und Hiittenbetrieb des Mechernicher Dergwerls-Actien-
Vereins. Cologne, 1886.
t Mining Journal, vol. Ixi. (1891), p. 499.
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the heart of the Rocky Mountains, all within the space of four or
five years. It affords additional proof that the miner is the true
pioneer of civilisation. The Leadville deposits have been ad-
mirably described by Mr. S. F. Emmons,* from whose exhaustive
report I borrow, not only the following facts, but also a section
across one of the mines (Fig. 40).

The principal deposits of the region are found at or near the
junction of white porphyry with the underlying Blue Limestone,
which is the lowest member of the Carboniferous formation.
This bed is about 150 or 200 feet thick, and consists of dark-blue
dolomitic limestone. At the top there are concretions of black
chert. The porphyry occurs.in intrusive sheets, which generally
follow the bedding, and almost invariably a white porphyry is
found overlying the Blue Limestone. This porphyry is of
Secondary age. It is a white homogeneous-looking rock, com-
posed of quartz and felspar of even granular texture, in which the
porphyritic ingredients, which are accidental rather than essen-
tial, are small rectangular crystals of white felspar, occasional
double pyramids of quartz, and hexagonal plates of biotite or
black mica. Along the plane of contact with the porphyry the
limestone has been transformed, by a process of gradual replace-
ment, into a so-called “ vein ” consisting of argentiferous galena,
cerussite, and kerargyrite, mixed with the hydrous oxides of iron
and manganese, chert, granular cavernous quartz, clay, heavy spar,
and ¢ Chinese tale,” a silicate and sulphate of alumina. The vein
seems to have been formed by aqueous solutions, which took up
their mineral contents from the neighbouring eruptive rocks, and
brought about the alteration of the limestone as they percolated
downwards through it. In Carbonate Hill a gradual passage may
be observed from dolomite into earthy oxides of iron and manga-
nese. The masses of workable ore are extremely irregular in
shape, size, and distribution. They are often from 30 to 4o feet,
thick vertically, and occasionally 8o feet, but only over a small
area. The rich ore bodies are commonest in the upper part of
the ore-bearing stratum. At Fryer Hill the Blue Limestone is
almost entirely replaced by vein material. The metallic ores
appear to have been deposited originally as sulphides ; the oxidised
or chloridised ores found near the surface are the products formed
by the percolation of surface water like any ordinary gozzan.

Manganese.—The great manganese-producing countries of the
present day are Russia + and Chili, and in both the ore is derived
from beds, and not from veins or masses. At Tschiatoura in the
Caucasus, about thirty miles from Kwirilly station on the Poti-
Tiflis Railway, there are beds of manganese ore of Miocene age.
The beds worked are from 5 to 6 feet thick (1°5m. to 2m.), and

* Geology and DMining Industry of Leadville, Colorado. Washington,
1886.
+ B. w. k. Z. 1890, pp. 32, 215.
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are made up of several small seams of clean manganese ore,
separated by partings of soft sandstone and clay. The manganese
exists principally in the form of MnO,, and the ore contains
50 to 55 per cent. of metal. The mines are at present heavily
handicapped by the long and expensive carriage to Kwirilly
station, but this will be reduced when a railway is made.
Both in Wales and Belgium there are beds of manganese ore in
the Cambrian rocks. The Welsh beds are about a foot thick (Fig.
47),sometimes running up to
F1a. 47. 18 inches or 2 feet. The man-
"ganese is principally in the
form of carbonate, though
there is a little silicate, and
near the surface these have
been converted into hydrous
oxides. The ore is inter-
bedded with fine - grained
sandstone, hard mudstone,
and shale, also manganifer-
ous, and often containing
chlorite, iron pyrites, and
magnetite; the whole man-

seaLes ganiferous series is enclosed
Inches 12 6 o 1 Faal. in the regular Cambrian grits
.., and conglomerates. The ore
a 20 > ) " contains from 2o to 32 per

A, fine-grained sandstone with mag- cent. manganese.
netite, chlorite, and iron pyrites; B, Marble. — The famous
manganese ore; C, fine-grained shaly white statuary marble of
sandstone. Ttaly is found in the Apuan

Alps from Carrara to Staz-
zema, on the S.W. slope of the mountains, and from Fivizzano to
Vagli Sotto on the N.E. slope.* It occursin very thick beds,
with the stratification sometimes well defined, but generally
completely obliterated, and it rests upon compact limestone, which
in its turn lies upon pre-paleozoic mica-schist and talc-schist.
The age of the marble beds has not been ascertdined without
doubt; some geologists say they are Triassic, whilst Jervis calls
them pre-palzozoic,

Mica.—This mineral is obtained in North Carolina at the
present time, just as it was in the days of the prehistoric mound
builders, from veins of giant granite, or granite in which the con-
stituent minerals have crystallised on a huge scale. According to
Phillips,t a single block of mica has weighed nearly a ton, and

* Jervis, I Tesori sotterranet dell’ Italia, vol. iv. p. 261.
+ “Mica Miring in North Carolina,” Fng. Min. Jour., vol. xlv. (1888),
p- 286.
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pieces 6 feet long and 3 feet wide are sometimes met with ; a single
crystal of felspar weighing 8co 1b. is preserved in the State
Museum at Raleigh. The veins are from 30 to 40 feet wide, and
are enclosed in mica schist, of which they follow the strike and
dip; but they occupy fissures which took place along planes of
easy fracture, and being of subsequent origin to the surrounding
rocks, are veins and not beds.

Natural Gas.*—Though the Chinese were before the Ameri-
cans in their use of natural gas, it is to the United States that we
must look for examples of gas springs, which have been so largely
turned to account during the last ten years, more especially in
Pennsylvania, but also in Ohio and New York.

According to the late Mr. Ashburner,f the gas in these States
comes from beds of Palmozoic sandstone and limestone. He
considers, with many others, that both gas and petroleum
have been formed by the decomposition of animal and vegetable
remains in the rocks, and that in order to have a productive gas
region, it is necessary that there should be a porous or cavernous
rock to contain the gas, and an impermeable covering, such as
shale, to prevent its escape, conditions resembling those required
for artesian wells, A further condition is that the strata should
be bent into a dome, anticlinal or arch, at the crown of which
the gas will be found ; but if the rocks have been much disturbed,
contorted, and fissured, natural vents have been formed, through
which the gas will have escaped. The rocks now containing the
gas are often those in which it was generated.

There are several gas-producing beds of sandstone in Pennsyl-
vania, in the Carboniferous rocks ; but the most important supplies
are obtained from sands of the Venango-Butler oil-group, belong-
ing to the Catskill Rucks of the Devonian period. There are
other gas-sands in the Chemung and Portage rocks, also of the
Devonian Period, but lower down. Some of them produce both
gas and oil,

The most productive gas-bearing rocks in Ohio are the Berea
grit in the Sub-carboniferous period, and the Trenton Limestone
in the Lower Silurian period.

The section (Fig. 48),1 shows the Silurian and Devonian strata
bent into an arch or dome at Findlay, Ohio, where gas and petro-
leum are obtained by boring into the Trenton Limestone, the
reservoir in which they are confined by the Utica Shale,

The gas varies in composition, not only from well to well, but
also from time to time in the same well. Some analyses given by
Prof. Lesley show that the gas of a certain well contained upon

* Topley, “ The Sources of Petroleum and Natural Gas,’’ Jour. Soc. 4rts,
vol. xxxix. (1891), p. 421.

t ¢“The Geologic Distribution of Natural Gas in the United States,”
Trans. Amer. Inst. 3L.E., vol. xv. (1886-87), p. 505.

I Topley, Op. cit. p. 413.
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F1a. 48.

SECTION THROUGH FINDLAY, Oiuro. (Orton.)
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different occasions from 5o to 75 per cent. of marsh gas, g to 35
per cent. of hydrogen, 4 to 12 per cent. of ethylic hydride with
small quantities of olefiant gas, oxygen, carbonic oxide and
carbonic acid, and in one instance as much as 23 per cent. of
nitrogen, though usually this gas was absent. The pressure of
the escaping gas is often very
F1a. 49. great, and in one case reached

sty 20™-- 450 lb. per square inch.
S 2 . Nickel. — Until recently
our supplies of this metal
were obtained from sulphides
or sulpharsenides, and espe-
cially from nickel-bearing
s pyrrhotine. The discovery
"L by Garnier of hydrated sili-
bl cate of nickel and magnesium
in New Caledonia revealed
the existence of an unsuspected source of wealth. The nickel is
found in serpentine,* either at the contact of this rock with
“ pockets” of red clay, or near such a contact, but never in the

clay itself.

Nickel ore.

Oolitie brown iron ore.

* Levat, “ Mémoire sur les progrés de la métallurgie du Nickel,” 4nn.
Mines, ge série, vol. i. (1892) p. 141.
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Figs. 49, 50, and 51 are examples of various types of such
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