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PREFACE.

THE literature of metalliferous deposits, in the English
language, is by no means inconsiderable. Numerous valuable
disquisitions have at different times been published either as
separate works or as communications to scientific journals, but the
only general and systematic treatise on the subject which has
appeared in English is a translation of Von Cotta’s Lekre von den
Erzlagerstdtten, by Mr. Frederick Prime, published at New York
in 1870.

Since that date much valuable information upon this subject
has been accumulated, and the investigations of Daubrée, Daintree,
Sandberger, and others have within the last few years thrown
much additional light upon the genesis of metalliferous deposits.

The present work, which includes the results of the most
important recent investigations, is divided into two parts. In the
first, ore deposits in general are described and classified, while, in
the second, examples are given from the principal mining regions
of the old and the new world. In this portion of the work
many remarkable metalliferous deposits of both ancient and recent
formation are described, while, as a means of forming a standard
of their comparative importance, copious statistics of production
are furnished. Wherever exact information on this subject has
been available, tabulated statistics of the yield of the principal
ore-producing countries have been supplied. This appears to be
the only way of accurately expressing the relative importance of
different metalliferous regions, and care has been taken to collect
information from trustworthy sources only.



viii PREFACE.

During the preparation of a portion of the work I have
had the assistance of Mr. B. H. Brough, Associate of the
Royal School of Mines, and formerly student at the Mining
School of Clausthal. For a period extending over several months,
Mr. Brough was occupied in collecting statistical and other
information from various foreign sources, and I am further
indebted to him for numerous useful suggestions with regard
to the arrangement of the matter, and for the careful attention
which he has bestowed upon the work while passing through
the press.

The greatest care has been taken to insure accuracy
throughout the work, and the author hopes that but few
mistakes will be found in it; although, in collecting such a large
number of facts from so many different sources he cannot
expect to have entirely escaped falling into error.

The Illustrations are from the pencil of Mr. Frank Rutley.

KENSINGTON, July, 1884.
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ORE DEPOSITS.

PART L
ORE DEPOSITS IN GENERAL.

METALS which occur in a state of approximate purity are
said to be native, and when two or more such metals are
found in combination the mixture is called a native alloy.
Usually the metals sought after by the miner are, however,
not found in the native state, but are mineralized by uniting
with various non-metallic bodies. In this way they combine
with sulphur or chlorine, giving rise, respectively, to metallic
sulphides or chlorides; with oxygen the metals form oxides,
and with acids they yield salts, such as carbonates, sulphates
and phosphates.

All natural combinations of a metal with such mineralizing
substances are called ores when the proportion of metal which they
contain, after suitable mechanical preparation, is sufficiently large
to admit of their being advantageously treated by the metallurgist.
Although perhaps not strictly correct, any material obtained by
mining that contains a workable proportion of a metal is often
called an ore, even if the whole of the metal be present in the
native state.

Ores of the different metals are sometimes found in surface
deposits, disseminated through igneous and sedimentary rocks, in
more or less regularly stratified or bedded formations, in detached
masses, and, above all, in veins of various descriptions. The non-
‘. B
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metalliferous minerals forming part of the latter are known as the
matriz, gangue, or veinstone. Metalliferous minerals are found in
rocks of every geological age; but they occur most frequently
in mountainous districts, and in the older rocks, especially
near the junction of igneous rocks with those of sedimentary
origin. They are also frequently met with in strata which have
either been penetrated by eruptive dykes, or have been sub-
jected to extensive metamorphic alteration. The ores of each
of the different metals are, however, often restricted within
certain geological horizons, beyond which they seldom occur in
remunerative quantities. .

Gold, platinum, and tin ore are found in alluvial detritus,
in which they evidently were not formed by chemical action,
but result from the disintegration of older deposits whose con-
stituents have been removed and re-arranged by the mechanical
agency of water.

The fragments constituting these superficial deposits are usually .
much water-worn, and the associated metals or metalliferous
particles are mainly concentrated in particular areas, over which
water has flowed with great activity. Metalliferous deposits of
this kind are usually of comparatively recent date, and are
generally not older than the Tertiary period! Localities
in which alluvial detritus is washed for gold are known as
placers, but when tinstone is the ore sought after they are called
streamworks.

The ores of iron and manganese are almost the only metalliferous
minerals usually occurring in stratified beds, those of nearly all the
other metals being obtained from some other variety of mineral
deposit. -

Although aluminium and magnesium are now regularly pro-
duced upon a small scale, they can scarcely be classed among
metals derived from metalliferous ores, in the sense in which that
term is usually understood. The same may be said of sodium,
which is chiefly employed in the preparation of the two above-
mentioned metals.

Metalliferous deposits are found in such varying forms, and
under such differing circumstances, that it might at first appear
difficult to classify them in accordance with their characteristic
peculiarities and modes of occurrence. A careful study of their

! Small quantities of gold were formerly collected near Besstges, Département du

Gard, France, by washing a coarse-grained quartzose conglomerate of Lower Car-
boniferous age.
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ox.'igin, structure, and composition appears, however, to justify their
division into the following groups :—

a. Deposits formed by the mechanical

1. SuPERFICIAL. action of water.

b. Deposits resulting from chemical
action,

( @. Deposits constituting the bulk of
metalliferous beds formed by pre-

! cipitation from aqueous solutions.

' b. Beds originally deposited from solu-

II. STRATIFIED. ' tion, but subsequently altered by
metamorphism.

¢. Ores disseminated through sedimen-
tary beds,in which they have been
chemically deposited.

a. True veins. -

b. Segregated veins.-

¢. Gash veins. .

d. Impregnations. . -

e. Stockworks. -

J- Fahlbands.

9. Contact deposits. -

k. Chambers or pockets.

III. UNSTRATIFIED.

SUPERFICIAL DEPOSITS.

a. DEPOSITS FORMED BY THE MECHANICAL ACTION OF WATER.
—The most important superficial deposits of this class are those
worked for gold and oxide of tin. These often consist of accumula-
tions of sand and gravel formed on the banks of streams, by the
action of whose waters the aggregation of metalliferous délris has
been effected.

In other cases, superficial metalliferous deposits represent the
beds of ancient rivers, and are frequently of great thickness and
of large extent.

Surface deposits of iron ore sometimes belong to this class,
but bhave more frequently been deposited in situ by chemical
action.

Placers—In the case of auriferous quartz, and of the ores
of metals distributed through a valueless matrix, it is neces-

sary, before the metalliferous portions can be separated, that
B2
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the veinstone should be more or less finely crushed by suitable
machinery. The pulverized material is afterwards subjected to
the action of water, so set in motion as to allow the heavier particles,
by obeying the laws of gravitation, to fall to the bottom, while the
non-metalliferous matrix is carried off in suspension. All auri-
ferous sands and gravels have, on the contrary, been already
pulverized and concentrated by a natural process of a similar kind,
and it consequently only remains for the miner to separate the
valuable from the valueless material either by re-washing alone,
or by re-washing assisted by the use of mercury.

The most remarkable and extensive accumulations of auriferous
gravels are probably those of California, where they are frequently
of very considerable thickness, and extend over areas of many
square miles on the Pacific slope of the Sierra Nevada.! These, which
are sometimes known as blue gravels, were formerly believed to be
of marine origin, but are now recognised as materials brought
down by the agency of currents of fresh water from the moun-
tains high above them and deposited, either in the beds of ancient
rivers, or in lake-like expansions of such streams. This deposition
of guriferous detritus generally took place during the latter portion
of the Pliocene epoch, as is proved by the remains of animals
and plants which it encloses, although some of these would appear
to exhibit certain Miocene relationships. This deposit of detritus
was succeeded, throughout the whole extent of the Sierra, by an
outbreak of volcanic activity, during which the auriferous drifts
were, to a large extent, covered by deep accumulations of ash,
pumice, and lapilli, which were finally overwhelmed by a general
outpouring of lava. This capping of an almost indestructible
material, sometimes above a hundred feet in thickness, has thus
protected extensive areas of gravel which would otherwise have
been swept away.

The most important chemical change which has taken place in
these gravels subsequent to their deposition, is silicification, which
becomes evident on examining the various organisms which are
found embedded in them. The quantity of wood buried in these
detrital masses is very large, and by far the greater proportion of
the trees so found have been converted into opal. These tree trunks
sometimes bear evidence of having been worn by the action of the
currents which bore them along together with the stony detritus

1 J. D. Whitney, “ The Auriferous Gravels of the Sierra Nevada of Californis,”

Memoirs of the Museum of Comparative Zoology at Harvard College, vol. vi.
1880.
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in which they finally became enclosed. In some cases, fragments
of wood are met with which had been more or less completely
converted into lignite previous to silicification. This partial con-
version into lignite may often be observed in specimens in other
parts of which direct silicification has taken place ; so that the two
ends of the same fragment may resemble, respectively, jet and opal.
The transition from silicified wood to silicified lignite is, however,
very gradual, although both often retain their original woody
structure.

The following analyses of specimens of silicified wood and
silicified lignite, made in duplicate by the author, will serve to show
the difference in their respective compositions :—

Bilicified Wood. Silicified Lignite.
Bp. gr. = 2'04. 8p. gr. = 1'95.
L 11, I. 11.
Water . . . .. ... ... 577 580 441 446
Siliea . . ... ... ... 9243 92-26 80-04 79°82
Alumina . . . . . . . . .. trace. trace. trace. trace.
Ferrousoxide . . . . . . . . ‘90 88 ‘92 87
ime, . ... ... . ... ‘12 18 16 16
Potash . . . . . . . . ... 41 87 37 30
Soda. . . . . ... . ... 20 18 20 22 -
Carbonaceous matter, &c. . . . - — 1406 1392
! 9983 99°67 100°16 9975
{

Both specimens were obtained from the trunk of the same
tree found in the auriferous drift under a volcanic capping, near
Nevada city.

These results show that although all traces of organic matter
have disappeared from the silicified wood, the silicified lignite
still retains 14 per cent. of woody material. The gravels of
which auriferous deposits are composed have in many instances
become firmly consolidated by a siliceous cement, and cases in
which large transparent crystals of quartz have formed in the
cavities between contiguous pebbles, are by no means unknown.

In addition to bones and teeth of the mastodon and of other
extinct mammals, human remains, together with various rude
works of art, are stated, on trustworthy authority, to have been
discovered in these gravels. The remains thus found are supposed
to include the celebrated Calaveras skull, which {s stated to have
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been taken from the auriferous gravel at a depth of above 120 feet
from the surface, and beneath a capping of dense black lava.
Among the works of art may be mentioned several curious
stone implements found in the gravels under Table Mountain
in Tuolumue county, covered by 150 feet of lava. These
include stone spear-heads, many inches in length, mortars cut
out of granite, and various stone scoops and ladles with well-
shaped handles. The evidence on this subject appears to be now
fairly established, and would lead to the conclusion that man
must have existed in California in Pliocene times, and that he was
" contemporaneous with the mastodon and other extinct animals.
The classification with “ superficial deposits” of auriferous
gravels which are not unfrequently covered by a flow of lava,
might at first sight appear a misnomer; but a volcanic capping
is by no mieans universal, and the uncovered beds of this age
are of the greatest importance to the miner. They yield a very
large proportion of the gold annually obtained in California,
and are usually worked by the process known as hydraulic
mining. This consists in attacking the bank of auriferous
material with one or more jets of water issuing from nozzles,
sometimes six inches in diameter, which are connected by a
column of wrought-iron pipes with a reservoir from 200 to 400
feet above the level of the discharge. In this way an enormous
mechanical force is obtained, and the bank, unless much con-
solidated by cement, is rapidly undermined and broken down.
The water, with the disintegrated sand and gravel resulting
from this operation, is conducted through large sluices pro-
vided with grooves or “riffles,” into which mercury is intro-
duced for the purpose of retaining the gold. This method of
mining cannot, however, be applied except in localities wherc
there is a proper fall for the sluice, and at the same time a
sufficient depth below its outlet for the accumulation of the
resulting rubbish or tailings. Every river flowing through the
auriferous belt of the Sierra Nevada has acted as a natural sluice,
the inequalities and the upturned slates of its bed taking the
place of riffles for the retention of gold, derived not only from the
immediate disintegration of auriferous outcrops, but also from the
re-washing of older gravels. There will therefore be no difficulty
in understanding the nature of the process by which a large
amount of the precious metal has become concentrated within a
comparatively limited space, and, consequently, that during the first
two years after the discovery of gold in California, a vast majority

.
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of the miners were occupied on “ river diggings.” These naturaily
enriched accumulations having eventually become exhausted, it
became necessary to attack the original more abundant, but poorer,
gravels lying at greater elevations above the valleys; and in order
to do this with advantage, a cheaper method of working than had
hitherto been employed was required. This was supplied by the
hydraulic system of mining, first introduced in 1852, and at the
present time a considerable portion of the gold contributed by
California is obtained from Pliocene gravels.

It is remarkable that the auriferous gravels of Victoria are of
approximately the same geological age as those of California ;
they, however, more frequently than in the latter country represent
the beds of ancient rivers once flowing through valleys which
have subsequently been filled by the outpouring of volcanic matter.
Victoria does not generally possess facilities for the employment of
the hydraulic process, and the principal part of the placer gold
found in that country is consequently obtained by mining beneath
a capping of compact lava.

In consequence of the absence of marine Tertiary deposits in
New South Wales, and the occurrence of a more complete series of
strata in the Carbouniferous formation, it is difficult to correlate
precisely the gold deposits of that country with those of Victoria.
It is, however, generally admitted that they occur in Tertiary
strata, and are often of Pliocene age, although certain gravels
which may be possibly Miocene are also sometimes auriferous.

Among surface deposits resulting from the mechanical action
of water are those streaks of titaniferous iron sand, often found on
sea beaches along coasts largely composed of certain igneous rocks.
The disintegration of such rocks liberates crystals of magnetite
and of titaniferous iron ore, and these minerals being heavier than
the felspar, quartz, &c., with which they are associated, become
concentrated by the action of the waves. Large accumulations of
black sands occur along the shores of the Bay of Naples, at
Taranaki in New Zealand, between Point Mendocino in California
and the mouth of the Umpqua River in Oregon, and particularly
in Canada on the north shore of the St. Lawrence, from the Moise
River eastward. The ferruginous sands are here derived from the
waste of the norite or labradorite rocks of the Upper Laurentian
series, which are largely made up of labradorite and hyper-
sthene, with magnetic and titaniferous iron ore, &c. At Mingan,
Natasquan, and at several other points along the Labrador coast,
iron sands occur under generally similar conditions. The production
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of cast-iron from these sands is rendered difficult by their
extremely fine state of division, but they have sometimes been
advantageously employed for the direct production of blooms in the
open fire. The black sands on the coast of California are not
unfrequently auriferous, and are sometimes washed for the gold
which they afford.

Nearly the whole of the gold produced in the Russian empire
is obtained from placer washings, vein-mining being exclusively
confined to the Ural Mountains, and is even there carried on
upon a very limited scale. The gold-bearing alluvium of the Ural
is sometimes a heavy clay, while in other cases it is made up of
water-worn fragments of auriferous quartz, chloritic and talcose
schists, serpentine, greenstone, &c.

Remains of various extinct animals occur deep down in these
gravels, usually in the vicinity of the bed-rock. They include bones
of Elephas primigenius, Bos aurochs, and Rhinoceros tichorhinus,
which are likewise found in the gravels of western Europe. Some
of the auriferous gravels of the Ural repose upon a water-worn
bed-rock of hard highly-inclined crystalline limestone, believed to
be of Silurian age; in other cases they lie on a talc schist, or on
a soft granitic rock containing pyrites and but little mica usually
known as beresite. The two last-named rocks are traversed by
veins of auriferous quartz.

Platinum generally occurs with gold in auriferous gravels,
and is seldom found without that metal except at Tagilsk and
Goroblagodatsk, in the Ural, where there is little or no gold.
Platinum is obtained from placer diggings only, and has not
been found to any considerable extent in situ, although grains of
this metal are said to have been observed in the quartz of the
mines of Beresovsk. In the districts in which platinum occurs
unaccompanied by gold, the rocks in the neighbourhood of the
deposits consist of serpentine and peridotite, while fragments of
these rocks predominate in the sands and gravels. Chloritic and
talcose schists, together with chrome iron ore, are to some extent
present. From the constant occurrence of this metal in association
with gravels mainly consisting of peridotite and serpentine, it
is thought that platinum originally existed in the form of grains
disseminated through these rocks. In addition to gold and chrome
iron ore, platinum is often associated with iridium and iridosmine.

Streamworks—The detrital tin ore of Cornwall may be
grouped under the following heads :—

a. Tin ore forming a constituent of river gravels and sea-
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beaches actually in progress of formation. The tin ore of such
formations usually occurs in angular or sub-angular particles.

b. That found in ancient stanniferous valley-gravels. These
occur at all elevations up to about 700 feet, but are invariably in
the immediate neighbourhood of considerably higher ground.
Deposits belonging to this class were formerly very extensively
worked, and have, in the aggregate, yielded large quantities of tin
ore.

c. Pebbles and grains found in the “head ” or angular débris
constituting the overburden of the china-clay districts. This
differs from the older quartz gravels of some parts of western
Cornwall in being both coarser and more angular. Tin ore is also
found disseminated through the soil in the vicinity of tin veins.

d. The pebbles and grains of tin ore found in the most ancient
high-lying quartz gravels, such as those of St. Agnes Beacon.

Tin streaming, although upon a very restricted scale, is still
carried on in Cornwall on some inconsiderable stanniferous
deposits ; but the deeper and more extensive valley-gravels, which
were formerly so productive, may now be regarded as practically
exhausted.

The sections laid open by the deeper streamworks were by no
means of uniform interest, but those exposed in Par Valley, at
Pentewan, and near the estuary of the Fal may be regarded as
among the most important and instructive.

The Happy Union Streamwork, which has now been closed for
more than forty years, was situated near the débouchement of the St.
Austell valley at the port of Pentewan. Through this valley flows
a stream of moderate dimensions resulting from the union of
various rivulets which take their rise on the southern slope of the
granitic hills of Hensbarrow. These unite their waters a short
distance above the town of St. Austell, and two miles further down
the valley receive, through a westerly depression, those collected on
the high grounds in the vicinity of the ancient tin mine of
Polgooth.

The fall of this valley, in the four miles which intervene between
the bridge at St. Austell and the port of Pentewan is 115 feet,
while its width varies from 100 to 200 yards.

The junction of granite with clay slate takes place a short
distance above St. Austell, and consequently the bed-rock of the
valley, throughout the last four miles of its course, consists entirely
of slate.

According to Mr. J. W. Colenso, the Happy Union Streamwork,
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which may be taken as a typical example of deposits of this class,
exhibited the following section :—!
. River sand, silt, &c., 20 feet.
. Sea sand, 20 feet.
. Silt, 2 feet.
. Sea sand, 4 inches.
. Silt, 10 feet.
. Leaves, nuts, acorns? &c., graduating into 6 to 12 inches
of silt, and 12 inches of decomposed vegetable matter.
7. Tin ground, 3 to 10 feet.
8. Bed-rock of clay slate.
These various deposits were made up of the following con-
stituents :—

1.—A bed of rough river sand and gravel mixed with sea sand
and silt. At the bottom of this, and extending into the bed
immediately beneath it, was found a row of wooden piles six feet
in length, sharpened at one end for the convenience of driving.
These, which had apparently formed part of a foot-bridge, crossed
the valley nearly at right angles; their tops being about level with
the present low-water mark at spring tides.

2.—A stratum of sea sand, also about 20 feet in thickness,
resting upon silt. Throughout this sand were scattered large
timber trees, principally oak, strewn in all directions, together with
bones of the Irish elk, Megaceros hibernmicus, and of an ox, Bos
primigenius, both belonging to extinct species. The bones of a
large whale and two human crania were likewise discovered in
this sand.

3.—DBeneath the sea sand were 2 feet of silt enclosing a few
stones, and, occasionally, bones with fragments of wood.

4.—A stratum of sea sand only, 4 inches in thickness, dis-
tinguishable from river sand by being finer and by containing
fragments of marine shells.

5.—Beneath this was a layer of silt or “sludge” 10 feet in
thickness, varying but little in texture, although its colour was in
some places darker than in others. In this were numerous
marine shells particularly those of Cardium edule, together with
bones and horns of the deer and ox. The bivalve shells frequently
occurred in regular layers, and when found were closed with their
articulations downwards, thus justifying the opinion that the animals

Sy Dt 0O N

! Trans. Roy. Geol. Soc. Cornwall, vol. iv. 1832, p. 29.
2 Although Mr. Colenso does mot mention acorns in his memoir, they were often
found in this layer.
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bad lived and died where their shells were discovered. In this silt
was a piece of wood evidently fashioned by human agency, which
had probably floated in the sea, since the shell of a barnacle was
attached to one end.

6.—A layer of leaves, hazel nuts, acorns, sticks and moss,
- varying from 6 to 12 inches in thickness. The moss, which was
in a very perfect state of preservation, extended across the valley,
and had the appearance of having grown where it was found, at
a depth of about fifty feet below the present level of the sea
at high water. Beneath this was a stratum of dark silt 12 inches
thick, much mixed with decomposed vegetable matter.

7.—To this followed the tin ground, or stratum in which the
whole of the tin ore was found. This lay on the solid rock, varied
in thickness from 3 to 10 feet, and usually extended completely
across the valley. The stony constituents of this stratum were
rounded fragments of the granitic and schorlaceous rocks forming
the hills north of St. Austell, but fragments of both “greenstone ”
and clay slate were occasionally met with.

By far the larger portion of the tin ore lay at the bottom of
this stratum; but it was also sometimes found in the higher
portions of the bed, where, for a thickness of a few inches, the
ground was blackened by the presence of tin oxide. The frag-
ments of ore varied in size from the finest sand to pebbles of ten
pounds in weight, while boulders, richly impregnated with cassite-
rite and weighing above two hundred pounds, were not of unfrequent
occurrence. A few grains and small nuggets of gold were picked
up from among the tin ore, but the remains of no vertebrate
animals were ever observed in this horizon. Stumps and roots
of trees which had evidently grown and fallen upon the samec
spot were, however, not uncommon, while immediately on the top
of the tin ground an oyster bed was discovered with the
shells still firmly attached to the larger stones and to stumps
of trees.

8.—The floor or bed-rock upon which these deposits rested is a
blue “killas” or clay slate of the kind composing the adjoining
hills and neighbouring sea-cliffs. In many places this rock showed
indications of erosion, while in others no evidence of any kind
of abrasion could be detected. )

The bottom of the tin ground at Pentewan was about sixty feet
below the present level of high water, and there can be no doubt
that the stanniferous gravels were deposited prior to the growth of
the woudy stratum above them. Similar phenomena have been
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observed in the Par Valley, at Carnon, in the Fal estuary, and
in various other localities. This indicates a general subsidence of
the land, and the existence at a former period of a more extended
coast-line. On the other hand, a connection has been traced by
Mr. Carne between a forest bed covering tin ground in the Marazion
Marsh, and the submerged forest in Mount’s Bay; which further
points to a general correlation between the forest beds over the
tin ground, and the well-known submerged forests around the
south-western coast of Cornwall.

At Huel Virgin, a mile higher up the valley than the Happy
Union Streamwork, the overburden contained no sea sand, but was
composed of silt and gravel only; the tin ground being found at
a depth of thirty-two feet below the surface. Here, resting on
the tin-ground, were found two pieces of oak artificially pierced
with holes, as were also several oak stakes sharpened and driven
into the ground. This streamwork was worked in the usual way
by an open terraced cutting, while the water flowed through a
culvert to suitable pumping machinery.

It is a remarkable fact, that whenever this excavation wag
allowed to remain open sufficiently long, certain plants invariably
made their appearance along given horizons, to the almost total
exclusion of all other species. In this way the first warm weather
after the ground was opened, brought with it from a band of bluish
silt about 10 feet from the surface, an abundant crop of
foxglove, Digitalis purpurea; while in a band of clay about 15
feet above the tin ground, a dark rough-leaved willow, not common
elsewhere in the district, grew most abundantly.

The cassiterite of Cornish streamworks is in the form of more
or less rounded massive fragments, as water-worn crystals, and as
wood-tin. With but few exceptions all the larger fragments bear
evidence of attrition, and there can be no doubt that, as a whole,
the tin ore has been brought together by the mechanical action of
water.

There are, however, in the British Museum, as well as in the
Museum of the Royal Geological Society of Cornwall, fragments of
antlers containing tin oxide, which appears to be pseudomorphous
after the organic tissues. Many of these fragments are stated to
have been found in the streamworks of the Pentewan and Carnon
valleys. Some of the specimens preserved in the British Museum
appear to contain a large quantity of tin, as in many parts the
original structure seems to be almost entirely reproduced as
cassiterite.
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A specimen from the Penzance Museum, analysed by Mr. J. 1.
Collins, gave the following results : —

Calcium phosphate . . . . . . . . . 8004
’ carbonate . . . . . . . . . 2:24

, fluoride . . . . . . . . .. 50
Iron disulphide . . . . . . . . . .. 166
Ferricoxide . . . . . . . . . . .. 62
Stannicoxide . . . . . . . . . . . . 260
Siliea . . . . . . ..o L 22
Organic matter and loss . . . . . . . 1212
10000

A microscopical examination of this antler showed that the
oxides of tin and iron, as well as the pyrites, had penetrated to
the interior of the mass, and were visible throughout its structure,
although they are somewhat more abundant on the outside than
towards the middle.!

Although the streamworks of Cornwall have long been practi-
cally exhausted, large quantities of detrital tin ore are still annually
obtained in various parts of Australia, and in Malacca, Banca,
and Billiton, in the Indian Archipelago.

b. DEPOSITS RESULTING FROM CHEMICAL AcTION.—The most
important surface deposits belonging to this class are those of bog
and lake iron ores. These, which often contain oxide of manganese,
although generally somewhat impure, are essentially hydrated
peroxide of iron (HeFe,O,), containing when pure, 14°42 per cent.
of water. Phosphoric acid is, however, frequently present in
sufficient quantity to affect their value as a source of iron. '

Although not at present much worked in Great Britain, these
ores probably to some extent supplied the earlier forges established
in the Weald of Kent and Sussex, which, during several centuries,
furnished a very considerable proportion of the iron manufactured
in England. The ore chiefly employed was, however, a clay iron-
stone obtained in the immediate neighbourhood. Bog and lake
iron ores occur plentifully in various parts of Europe, par-
ticularly in North Germany, Sweden, Norway, and Finland,
and are largely employed in the manufacture of iron. Bog iron
ore is abundant in the United States and Canada, and in
the latter country it is somewhat extensively employed. 'This

1 Mincralogical Magazine, vol. iv. 1882, p. 115.
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mineral is sometimes hard and compact; while at others it is friable
and granular, occasionally enclosing the petrified forms of vegetable
organisms. Concretionary nodules, as well as oolitic and pisolitic
forms of this ore, are of frequent occurrence. In all cases it is the
result of the alteration of other mineral substances containing iron
when acted upon by air, moisture, or acids, and is, to a large extent,
due to the oxidation of pyrites, and to the action of carbonic acid
upon siderite, &c. The decomposition of various ferriferous
minerals, such as mica, augite, and hornblende, also contributes
largely to the formation of ores of this class.

Large quantities of lake iron ores are annually obtained in
Norway and Sweden by dredging from the bottoms of the lakes
so numerous in those countries. The ores may occur either on the
spot in which they bave been precipitated, or they may, on the
contrary, be carried by the force of ruuning water into lakes or
ponds at some distance. They are, however, usually found in
the neighbourhood of rush-banks, and on the slopes and shallows
of some of the larger and deeper lakes, in patches varying greatly
in extent and thickness. The work of collecting these ores is
limited to the winter months, when, the lakes being frozen over,
they are obtained by breaking holes in the ice and scooping them
up by means of perforated shovels. Ores of this class are being
continually reproduced, and lakes in which they had become com-
pletely exhausted by dredging, have, after the lapse of a quarter
of a century, been again found to contain beds several inches in
thickness, which must necessarily have been deposited during that
period.

Attention was first called by Kindler to the importance of the
cffects produced by decaying vegetable matter on the solubility of
ferric hydrates.? He observed that where pine trees had been
planted upon sand-hills in such a position that falls of sand were
occasioned by the action of running water, the ferruginous and
quartzose sand was rendered colourless around decaying roots, and
that it became in the course of a few months as white -as if it had
been treated by an acid. The action of a root one-sixth of an
inch in diameter whitens the sand to a distance of from one to two
inches around it.

A remarkable bed of compact and exceptionally pure iron ore
of this class forms the capping of a hill at Rio Tinto in the
province of Huelva, Spain, in close proximity to the celebrated

Y Poggendorff's Annalen der Physik und Chemie, vol. xxxvii. 1836, p. 203.
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copper mines of that name. In Southern Spaiu deposits of cupri-
ferous iron pyrites, having a general direction somewhat north of
west and south of east, extend from near Seville to within the
Portuguese frontier. At Rio Tinto the deposits of this mineral are
very extensive, and consist of a compact and intimate admixture
of iron pyrites with a little copper pyrites, through which strings
of the latter mineral sometimes ramify.

Although these mines have been worked, and the copper
smelted, from time immemorial, it is evident from coins which
have been discovered, that their great development under the
Romans took place during the first four centuries of the Christian
era. The prevailing rocks throughout the region are clay slates,
which, from the evidence of various fossils, are apparently of
Silurian, Devonian, and Carboniferous age. These slates are
broken through by dykes of quartz-porphyry, which frequently
-form one of the walls of the deposits of cupriferous pyrites.

S w. N.E.
erro
k%%
South Mésa de Rio, Cerrode Szu Z.' “ ?mm

p Porphyry. s Slate. i lron caps. 1 Lode, ¢ Capping of lode.

F16. 1.—Transverse Section; Rio Tinto.

Fossiliferous iron ore forms a cap three-fifths of a mile long,
with an average width of 140 yards, on the top of the Mésa de
los Pinos 984 yards south of the great open cutting at Rio Tinto.
Its surface is approximately level, but its depth varies from one to
seventeen yards in accordance with the conformation of the
surface of the rock upon which it lies. The slate beneath it is
bleached and to some extent decomposed.

The relative positions of the several formations will be under-
“stood on referring to Fig. 1.

On the extreme right is a broad hard porphyritic dyke forming
the north wall of the south lode, next to which is the great vein
of pyrites, which at this point has only one-third of its greatest
width. Next in succession, to the south, comes a band of slate
which is again penetrated, on the left, by a broad dyke of quartz-
porphyry, now much decomposed. The upper part of the pyrites
vein has, to a considerable depth, been converted into a ferru-
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ginous capping, of which a large portion has been removed by
denudation. The stratum of iron ore forming the surface of the
Mésa de los Pinos has precipitous sides ; and a small outlying patch
of a similar formation occurs, within a metre of the same
elevation, at the Cerro de las Vacas. Numerous fissures occur in
the surface of the larger deposit of iron ore, and, out of these, pine
trees formerly grew, their presence giving the name to the
locality.

An exceptionally pure specimen of this iron ore afforded on
analysis the following results : —

Water . . . . . . . . .. . ... 13:25
Silieca . . . . . . .. ... ... 1-53
Ferricoxide. . . . . . . . . . - . 8465
Alumina . . . . . . . . .. ... trace
Phosphoric anhydnde . . . . . . . . ‘14
Sulphur . . . . . .. ... 23

99-80

During the process of quarrying this ore, the presence was
observed of the fossil remains of the leaves and seeds of plants
belonging to species still growing in the neighbourhood, as well as
of several well-preserved beetles.

Any doubt as regards the recent character of these fossils
has been removed by Mr. W. Carruthers, who found the speci-
mens from Rio Tinto to contain fragments of the following
plants, which he was enabled to identify :—Leaves and acorns of
Quercus dlex, Linn.; leaves and seeds of a two-leaved species of
Pinus, most probably Pinus pinea, Linn.; the cone of Egquisetum
arvense, Linn.; and a small branch of a species of Erica. The greater
portion of some specimens of the ore represented a thick growth of
moss, but it was impossible to say of what species. The whole
was permeated by minute branching roots, showing that the
vegetation was formed as a peat-moss, the oak and pine leaves
having been carried or blown into it. The plants evidently belong,
all of them, to species still found growing in Spain. In addition
to these fossils, this deposit occasionally contains minute concre-
tionary patches of imperfectly crystallized quartz.

The origin of this deposit of iron ore can scarcely be doubtful.
At the time of its formation a marsh or shallow lake extended
from beyond the Mésa de los Pinos to the foot of Cerro Salomon,
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and into this flowed solutions of iron salts resulting from the
decomposition of the -upper portions of the immense mass of
Pyrites constituting the south lode. From these salts oxide of iron
was deposited, as in the case of bog iron ores generally; and
finally the valley of the Rio Agrio was eroded, as well as that
south-west of the deposit, leaving the Mésa capped with iron ore,
while a small patch of the same mineral was left at the Cerro de
las Vacas.

That this deposit took place at a comparatively recent date is
evident from the fossils it contains, and it is equally certain that
the erosion of the valley is older than the occupation of the district
by the Romans. Not only are remains of buildings and other
works belonging to the Roman period found in the valley, but the
Roman gravestones, of which many are still scattered over the
district, are invariably made of this iron ore.

STRATIFIED DEPOSITS.

Ore beds are metalliferous aggregations interpolated between
rocks of sedimentary origin belonging to every geological age.
They lie parallel to the stratification of the enclosing rocks, and
follow all their contortions. In this way ore beds form synclinals
or basins and anticlinals or saddles, of which the upper portions
are often removed by denudation.

When a bed has been tilted from a horizontal position its
inclination towards the horizon is called its dip, and the amount
of this dip may be stated either in degrees, or by saying that it
falls a certain number of feet or inches in a given distance. The
line at right-angles to the dip of a bed is called its strike, and is
described as its line of compass bearing, either true or magnetic,
though the former is to be preferred.

The dip may consequently be defined as the line of greatest
inclination that can be drawn on the surface of a bed, while the
strike is the line at right angles to its dip.

The line along which a bed cuts the surface of the ground is
called the outcrop or basset, and this, where the surface is horizontal,
will correspond with the strike. Under no other circumstances
will this be the case unless the bed be absolutely vertical; for
all other inclinations the outcrop will wind around with the
irregularities of the surface, the deflections becoming greatest

where the dip is least consideratle.
¢
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The layer immediately beneath a metalliferous bed is called
its floor, while that which lies directly above it is its 7oof. The
thickness of a bed is measured by a line perpendicular to its
floor and roof. The thickness often varies considerably in different
parts, and the bed may gradually thin out and finally dis-
appear. In many cases there are no very sharp limits between a
metalliferous bed and the enclosing rocks.

Some beds consist of one or more layers of a compact ore, such
as limonite, hematite, or siderite, distributed with considerable
regularity throughout; the amount of ore depending on the
thickness of the deposit. In other metalliferous beds, and
especially in those consisting of spherosiderite, the ironstone
forms nodules enclosed in particular zones of a stratified rock.
A true ore bed never posscsses a combed structure made up of
symmetrical layers such as is common in mineral veins, and is
usually without the crystalline texture so frequently observed in
veinstones. '

Like all other rocks, metalliferous beds are frequently divided
by fissures ; these are sometimes mere rents ; but there is often not
only a severance of the strata, but also a displacement of the rocks
severed. In this way portions of beds which were originally
continuous are found at very different levels on the opposite sides
of a fissure, and hundreds of feet may intervene between the
disunited portions of a bed once upon the same plane. In such cases
the fissure is by geologists called a fawlt, and is known among
miners as a slip, slide, heave, throw, trouble, or check. The amount
of disturbance produced by a fault, measured vertically, is called its
throw, and is often spoken of as an upthrow or a downthrow,
according to the side from which it is approached by the workings
of the miner. When the surface is horizontal its amount may be
measured perpendicularly from the outcrop, but when this is not
the case it is measured from an assumed horizontal plane. If a
bed, where it is cut by a fault at e, Fig. 2, be 50 yards from the
surface A B or from an imaginary hlorizontal line, and the
other portion of the bed on the opposite side of the fault be at
b 100 yards below the same line, the throw of the fault is
said to be 50 yards without regard to the distance measured
horizontally either from A to B or from a to b along the fault.
When the outcrop of a bed is cut by a fault, the distance between
the two parts of the broken bed, measured at right angles to
its strike, is usually spoken of as the heave of the fault. The
character of a fault is much influenced by the hardness and
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rigidity of the rocks traversed by it, while its effect mainly depends
on the peculiarities of the beds through which it passes, with regard
to their amount of dip and degree of contortion; the result is also
much influenced by the direction and inclination of the fault
itself.

When beds of a soft and yielding nature are traversed by a
fault, the fissure is often bounded by two mere planes of division,
the surfaces of which are frequently polished and striated by
the friction to which they have been subjected. These polished
surfaces are known under the name of slickensides, and occur
most numerously in the neighbourhood of mineral veins, and
in rocks which have been much subjected to disturbing in-
fluences. In some cases, although the planes bounding the
fracture along the line of fault may be apparently sharp and clean,
the beds on either side are traversed by numerous subordinate

Fi1a. 2.—Section of a fault.

slickensides, as though a tremulous grinding motion bad been
communicated to the beds for some distance.

In many cases beds end abruptly at a fault without any kind of
disturbance in their direction, as seen in Fig. 3, where the throw is
measured by the vertical distance between the two portions of the
beds a, b, ¢, or d, respectively. They sometimes, however, appear
to have been, tosome extent, distorted and bent out of their original
position along the plane of fault. This bending of the beds
usually occurs in the way indicated 1 Fig. 4, as might be antici-
pated from the supposed nature of the motion which has taken
place, and they are then said to dip to the downthrow and riseto the
upthrow. J. Beete Jukes states that he had frequently been told
by coal miners that the reverse of this bending sometimes takes

place, and that he had himsclf seen an example of this reversed
¢ 2
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flexure at the Himley Colliery, near Dudley, but was unable to
explain its cause.!

A series of parallel faults situated at short distances from one
another sometimes traverse a district for considerable distances,and
if the throws are all in the same direction, they break up the strata
into a number of steps as shown in Fig. 5.

F10. 8.—Beds faulted without distortion ; section

When any of the throws are in contrary directions, it is mani-
fest that an irregular disruption of the beds must be the result.
It has been suggested that in speaking of the inclination of
faults, it might perhaps be better not to employ the term dip, as

F10. 4.—Beds distorted by a fault ; section.

in the case of beds, but to adopt that of kade or underlie, were
it not for the fact that miners generally use the terms hade and
underlie in the sense of an inclination from the vertical. The
underlie is the complement of the dip, which means the inclination

1 ¢ The Student’s Manual of Geology,” 3rd Edition, 1872, p. 201.
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from the horizon, and thus a plane which dips 60° will underlie
80° from the vertical. When, therefore, these terms are used, it is
necessary that it should be understood in what sense they are
employed. The word dip is always intended to express an inclina-
tion measured from the horizontal, while hade and underlie are
employed to signify an inclination from the vertical.

Faults are sometimes perpendicular, and their throw is then
not attended by any horizontal displacement ; they are, however,
much more frequently inclined, and their dip is almost universally
in the direction of the downthrow. When such is the case it
follows that whatever may be the inclination of a fault, no part of
any bed can be brought vertically beneath any other portion of
the same bed, nor can any superior strata be brought immediately
under those originally above them. Exceptions to these rules
occur in rare instances only, and are known by the name of

Fia. 6.—8tep faults.

reversed faults. A diagrammatic representation of such a fault is
given in Fig. 6, where it will be observed that the beds on the
right of the fissure must either have been forced upwards, or
have remained stationary, while those on the other side were
carried downwards along the line of fissure. Although the
occurrence of reversed faults is decidedly exceptional, they are,
nevertheless, occasionally met with.

It is manifest that when strata which have been much
contorted are traversed by faults differing from one another both
in dip and in direction, the changes resulting in the relative posi-
tions of the beds will sometimes be of a very perplexing
character. A consideration of complicated examples of faulting
would occupy more space than can be here devoted to the subject,
but a careful study of such phenomena on the ground, having due
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regard to the foregoing general rules, will enable the observer to
unravel all ordinary complications which may present themselves.
a. DEPOSITS CONSTITUTING THE BULK OF METALLIFEROUS
BEDS FORMED BY PRECIPITATION FROM AQUEOUS SOLUTIONS.—Of
all metalliferous ores those of iron and manganese occur
most frequently in the form of beds, but although they are found
in formations of all ages, their maximum development is in the
older rocks. The Carboniferous rocks of both England and
America are especially rich in interstratified beds of argillaceous
ironstone. Argillaceous carbonate of iron is one of the most im-
portant sources of iron in the United Kingdom, and furnishes a
large proportion of the iron annually produced. The most
important deposits of red hematite in this country are enclosed

F10. 6.—Reversed fault.

in hollows in the Carboniferous Limestone; they sometimes
assume the form of irregular beds, and are regarded as being of
Permian age.

Argillaceous carbonate of iron is found either interspersed
through the clays and shales of the Coal-measures, or, less frequently,
among the argillaceous members of Secondary or Tertiary strata.
The nodular variety, which is the most abundant, essentially
consists of carbonate of iron associated with carbonates of lime,
magnesia, and manganese ; it also invariably contains a consid-
erable proportion of clay. In some instances the nodules of iron-
stone coalesce into beds, but these are usually restricted both in
extent and in thickness. Nodular ironstone is for the most part
concretionary in structure, being formed of concentric deposits,
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which frequently enclose fossil fish, shells, or plants. Ferruginous
septaria are often traversed by fissures similar to those produced
by the shrinking of clay in drying, and these are filled, as in veins,
with such minerals as calcite and quartz with, occasionally, pyrites,
blende, galena, millerite, or hatchettine, the two last being asso-
ciated together in the clay ironstone of Dowlais in Glamorganshire.

Spherosiderite, when freshly broken, ordinarily presents a
yellowish or bluish-grey fracture, which, owing to a superficial
peroxidation of some of the iron, becomes brown on exposure. Clay
ironstones contain from about 29 to 37 per cent. of iron, and phos-
phoric acid is usually present in varying amounts.

Blackband is a clay ironstone containing a considerable amount
of carbonaceous matter, and is exceedingly valuable from the
cheapness with which it can be calcined without the addition of
fuel. The calcined residue from this ore contains from 50 to nearly
70 per cent. of iron. In the coal-fields of Western Scotland
several blackband measures are known, having an aggregate
thickness of nearly six feet. In Staffordshire it occurs in beds of
from four to nine feet in thickness, and it is also found in numerous
small irregular beds in North Wales. The Rhenish and Westpbalian
coal-fields likewise yield this ore.

The most productive iron-bearing members of the Secondary
rocks are the Middle Lias, Great Oolite, Wealden, and Lower Green-
sand, yielding brown h@matite and earthy carbonate which, although
in the majority of cases of low quality, are rendered of great
commercial importance by the extremely cheap rate at which
they can be mined. In France and Southern Germany large quan-
tities of bean ore, a coarse-grained pisolitic iron ore, is procured from
irregular deposits in rocks of Oolitic age. The amount of iron in
ores of Secondary age usually varies from about 32 to 48 per
cent. while the proportion of phosphoric acid is sometimes as high
as two per cent. .

There is but little iron ore of Tertiary age in this country, the
principal deposit being at Hengistbury Head in Dorsetshire.
Tertiary iron ores, however, occur on the Continent, and are some-
what extensively collected from surface deposits in France, Germany,
and elsewhere ; many of these deposits are of a detrital character.

The separation of mineral matter from masses of rock through
which it was originally but sparsely disseminated is well exempli-
fied in the ironstone nodules of the Coal-measures, which evidently
result from the separation and aggregation of carbonate of iron
from the surrounding shales and clays.
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The calcareous nodules of the Lias and the argillaceous
deposits known as septaria, and similar nodules in the Old Red
Sandstone of Scotland and South Wales, sometimes termed
‘“ cornstones,” have, in the same way, resulted from the separation
of a small amount of calcareous matter, originally distributed
through the mass of argillaceous and siliceous sediments. Not
unfrequently these argillo-calcareous nodules contain fragments
of the enclosing stratitied rock, layers of which may be traced
through them ; the laming having the same direction as the
mags of the rock of which they originally formed part. This has
been observed in nodules from the Lias of Lyme Regis, and in the
calcareous septaria, containing fossil fish, in the Old Red Sandstone
of Cromarty, &c. Inthe same way siliceous particles originally dis-
seminated in calcareous rocks such as Chalk, Portland Limestone,
Coral Rag, and Carbouiferous Limestone, have separated out and be-
come segregated into the various forms of flint, chert, or hornstone
now occurring in those rocks, and sometimes enclosing portions of
the original beds, or a nucleus of some fossilized organism. Occa-
sionally the siliceous matter has filled the more or less vertical
fissures of calcareous rock, or even replaced its original substance ;!
such veins of flint are well seen in the chalk cliffs of Ramsgate,
and in the Portland beds of Tisbury, Wiltshire. In a similar
manner the nodules of phosphate of lime which occur in certain
fossiliferous strata have evidently been derived from the aggregation
of their components, previously distributed in the mass of the
original deposits. It is well known that the plastic clay prepared
for the manufacture of pottery and porcelain is mixed with
finely ground silica, and from such mixtures, if not used in proper
time, it is stated the silica becomes aggregated into hard lumps or
nodules, which render them useless for the purpose of porcelain
making.

b. BEDS ORIGINALLY DEPOSITED FROM SOLUTION, BUT
SUBSEQUENTLY ALTERED BY METAMORPHISM.—Iron ores occurring
in highly metamorphosed rocks are usually either in the state of
ferric oxide, Fe, O,, or magnetite, Fe; O,. Both these minerals
are obtained from beds, lodes, and massive deposits, for the
most part enclosed in rocks of Cambrian, Silurian, Devonian, or
Carboniferous age. Red hzmatite is sometimes crystalline, some-
times fibrous, columnar, botryoidal, granular, or compact. Among
the most important European deposits of haematite are those of the
Island of Elba, of Dalkarlsberg near Nora, and those of the Island

1 T. Ruapert Jones, ** Reliquie Aquitanice,” 1875, p. 202.
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of Uts, in Sweden ; in the two latter localities it is associated with
magnetite. In the Island of Uto the ore is made up of parallel
layers of a very brilliant specular variety of hamatite with quartz,
and is therefore not unlike the rock known in Brazil as itabirite.

In the Huronian rocks near Marquette, on the southern shore
of Lake Superior, are large deposits of schistose hematite, known
by the name of iron slate or specular sehist, which have long been
extensively worked. The strata enclosing these ores are much
contorted, and are chiefly composed of talcose and ehloritic schists,
gradually passing into parallel bands of jasper and hamatite,
Much of the rock, although highly ferriferous, is still too siliceous
to be worked for iron; but beds of solid hazmatite, of great
thickness and free from earthy impurities, are quarried at the
Republic and Superior Mines in the district. In addition to hee-
matite affecting the usual crystalline form, these beds enclose
numerous crystals of the octahedral variety of ferric oxide known
as martite. The celebrated Pilot Knob Mine near St. Louis, Missouri,
18 worked on ores of a nearly similar character to those of Lake
Superior. There are no important continuous beds of hamatite in
the United Kingdom. .

Magnetic iron ores, when they occur in a massive form, usually
contain a larger proportion of oxygen than is indicated by the
formula Fe; O,, thus indicating the presence of a certain amount
of hematite. Magnetite occurs in extensive irregular beds or
stratified deposits in various European countries, being usually en-
closed in crystalline metamorphic rocks and associated with such
minerals as hornblende, epidote, garnet, idocrase, chlorite, apatite,
quartz, felspar, pyrites, &c. It is extensively worked at Dannemora,
Norberg, Philippstadt, and Taberg in Sweden, in the neighbourhood
of Arendal in Norway, in Russia, and in Lapland. The largest
known European deposit of iron ore of this class is probably that
of Gellivara, in Swedish Lapland, situated about ninety miles from
the head of the Gulf of Bothnia. It here forms a hill of considerable
height made up of parallel interlaminations of magnetic and
specular iron ores associated with quartzose and hornblendic rocks.
One of the beds is nearly 200 feet in thickness and extends over a
large area; about 80 feet of this bed is however, contami-
nated by the presence of apatite, leaving a thickness of nearly 120
feet suitable for iron-making.

An extensive deposit of magnetic iron ore, which has been
worked from time immemorial, occurs at Traversella in Piedmont,
where it forms a large crystalline mass in talcosc schists and
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dolomites. Magnetite is found under nearly similar circumstances
at Berggieshiibel in Saxony, where it is extensively wrought. At
Nijni Tagilske and Kuschvinsk, in the Ural, it is mined in a dol-
eritic porphyry. In this country magnetite does not occur in the
form of beds, but it is met with in small quantities at Brent in
South Devon, as well as near Penryn in Cornwall; in the latter
place it forms a vein, three feet in width, which contains a small
quantity of oxide of tin.

There can be but little doubt that the majority of these stratified
deposits of crystalline iron ores were originally thrown down in a
hydrated form from aqueous solutions ; but having been subsequently
exposed to metamorphic influences, they have not only lost their
combined water, but, like the rocks enclosing them, have become
crystalline, It is probable that in some instances, they may have
been deposited as carbonate of iron, which first lost its carbonic acid
and subsequently became more highly oxidized.

Professor J. S. Newberry, in a valuable contribution to the
School of Mines Quarterly for November, 1880, enumerates the
sources whence the necessary supply of iron may be derived.

In the oldest existing rocks of which we have any knowledge
iron is an important constituent of many minerals, such as horn-
blende, garnet, biotite, &c., and in rocks of this description deposits
of iron ore, commonly as magnetite in the granites and as hema-
tite in the slates, are of frequent occurrence. Deposits of this class
were formerly supposed to be of eruptive origin, but more recently it
has been pointed out by various authors that, almost without a
doubt, they are of sedimentary origin. The magnetites and
hsematites of the older rocks become by exposure converted into
hydrated ferric oxide, which alteration is constantly attended by a
change of structure resulting in exfoliation. Iron oxide thus be-
comes mixed with the soil, where it is exposed to the action of
carbonic acid and various other acids, resulting from the decompo-
sition of vegetable matter. By these it is dissolved, and becomes a
constituent of the surface drainage of the country, to be carried a
greater or less distance, and finally deposited in the form of an ore
of iron. In the same way various minerals containing iron, such as
hornblende and garnet, forming constituents of the rocks, are gradu-
ally dissolved by carbonic acid and other solvents, and thus passinto
solution. Iron pyrites undergoes a somewhat different form of de-
composition, since both its constituents become oxidized with the
formation of sulphate of iron, from which oxide of iron is ultimately
deposited,
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In continuation of this subject Dr. Newberry then proceeds to
say :—“ Having now got the insoluble peroxide of iron into a soluble
form let us follow it in its travels. All the drainage of a forest-
covered country may be asserted to contain iron. Where the rocks
and soils hold this metal in unusual quantities the amount dissolved
and transported is proportionately great, and many of the springs are
chalybeate. Wherever these solutions of the salts of iron are ex-
posed to the air they absorb oxygen, and the iron is converted
into the hydrated sesquioxide. ~This we see in the precipitate of
iron springs as yellow ochre ; in bogs and pools it forms an iridescent
film, which, when broken, sinks to the bottom of the water. If it
there finds decaying organic matter, it is robbed of a portion of its
oxygen, which unites with the carbon to form carbonic acid, and
this, bubbling to the surface, escapes. The iron thus becoming
again a soluble proto-salt, and floating off, absorbs more oxygen,
and carries this also to the organic matter, continuing to do this
until all is oxidized ; then it is precipitated as limonite or bog iron
ore. Thus it will be seen that, under such circumstances, iron
plays the same part that it does in the circulation of the blood,
where it is oxidized in the lungs and carbonized in the capillaries,
serving simply as a carrier of oxygen.” Beds of iron ore thus
formed naturally become metamorphosed at the same time as
the enclosing rocks, and give rise to deposits either of mag-
netite or heematite in accordance with varying conditions.

¢. ORES DISSEMINATED THROUGH SEDIMENTARY BEDS, IN
WHICH THEY HAVE BEEN CHEMICALLY DEPOSITED.—The most
typical example of a bed of this class is exhibited in the
Kupferschiefer, or copper-bearing shale of Mansfeld, in Prussian
Saxony, where mining has been for many ceuturies extensively
carried on. The metalliferous bed occurs in the Zechstein, a
member of the Permian formation wanting in this country, but
regarded as being equivalent to the Magnesian Limestone of
England. At Mansfeld the highest stratum of the series consists
largely of unstratified gypsum, in which are numerous cavities,
locally called Gypsschlotten, caused by the solvent action of water
upon sulphate of lime. With the gypsum is associated a soft bitu-
minous dolomitic limestone, locally known as A4scke, and beneath
this follows a stratified fetid limestone, below which is the true
Zechstein, giving name to the formation. In depth this passes
into a bituminous marly shale, the lowest portion of which, seldom
above eighteen inches in thickness, constitutes the chief copper-
bearing stratum, extending with wonderful regularity for many
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miles. Of this sometimes only from four to five inches is suffi-
ciently rich to pay the cost of smelting; the proportion of copper
in the ores treated varying from two to five per cent. The ore is
for the most part an argentiferous fahlerz; but, in addition to this
mineral, copper pyrites, copper glance, erubescite, native copper,
melaconite, cuprite, galena, blende, copper-nickel, and iron
pyrites are present. Native silver is but rarely met with, as
are also antimony, bismuth, and arsenic.

Under the copper shale is a calcareous sandstone, varying in
colour from white to grey, which is in part a conglomerate.
This, in accordance with its colour, is called cither the white
layer, Weissliegendes, or grey layer, Grauliegendes, and sometimes
contains copper ores. The regular bedding of these strata is. fre-
quently disturbed by faults, which, although they themselves rarely
contain ore, appear to have exercised considerable influence on
the metalliferous contents of the strata traversed by them. This
is indicated by a marked increase or decrease in the amount of
ore contained in the beds for considerable distances; the effect
sometimes extending as far as their intersection by the next fault.

At Frankenberg, in Hesse, where, among numerous other
German localities, copper occurs in small quantities in the Zechstein
group, the true ore-bearing bed consists of a light crumbling clay,
and the ore is not, as at Mansfeld, disseminated in microscopic
particles, but assumes the form of fossil plants. The stalks, fruit
and leaves of these, are, in some cases, converted into either
tetrahedrite, or copper glance, while in others the plants have
become converted into coal, and are traversed by numerous strings
of copper ore. Iron pyrites is rarely associated with the ores of
copper in the Frankenberg deposits.

The remarkable beds of crystalline sandstone which are worked
for lead ore at Commern, in Rhenish Prussia, are of Lower
Triassic age, and may be regarded as belonging to the class of
deposits at present under consideration. They are situated at
the extreme northern end of the Eifel, the ore-bearing rock
being a white sandstone of great thickness, which is covered by
red sandstones and conglomerates. The upper portions of the
metalliferous rock, which alone are sufficiently rich to repay the
expenses of working, are thickly charged with concretions, varying
in size from a pin’s head to a pea, which are made up of quartzose
sand cemented by galena. The roof of the bed, which consists of
conglomerate, is not worked for lead, although it sometimes contains
pebbles partially coated with galena. In the upper beds large
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spheroidal concretions of brown ironstone are abundant, some of
them being perfectly consolidated, while others are still in a soft
state. These nodules contain small quantities of chromium,
vanadium and titanium, the last-named metal being present in
largest amount.

The workings are carried on partly by open-cast, and partly by
underground mining. When the over-burden does not exceed
100 feet in thickness the metalliferous bed is stripped, the overlying
rock being removed by a series of terraces. When, however, in
following the deposit to the dip, the covering becomes of a greater
thickness than that indicated, levels are driven into the bed, and
the ore is won by a system of irregular pillar-working, not unlike
that employed for winning the thick coal of South Staffordshire,
The rock, although soft, usually stands without timber, but when
once broken from the mass it erumbles so readily that the nodules
of impure lead ore are separated from the unproductive sand by
the use of drum-sieves. This sifting is carried on in the
mine itself by manual labour, the nodules of lead ore alone
being sent to surface, while the sand separated from them is
employed for filling the exhausted workings. The nodular galena
mixed with sand is subsequently stamped and dressed in the usual
way, but the carbonate of lead, a considerable amount of which is
present in the rough ore, is to a large extent lost in the operation.
The annual production of lead from this district is very considerable,
and the lead produced from the ores contains from 2} oz.to 43 oz.
of silver per ton. Lead ores occur under somewhat similar cir-
cumstances near Gerolstein in the High Eifel, and in many other
German localities, as well as in Nottinghamshire and Leicester-
shire in this country.

In the copper bearing Lower Keuper sandstones of Alderley
Edge, Cheshire, carbonfte of lead and some other oxidized ores of
that metal, such as vanadinite and pyromorphite, are found, and
here, as at Commern, they are sandstones to a large extent made
up of crystalline grains of quartz.!

The presence at Commern of nodules of clay ironstone in
some of the upper beds, together with the fact that the grains of
sandstone of the lead-bearing horizon are frequently covered by a
crystalline deposit of quartz, which has converted them into more
or less perfect crystals, indicates extensive chemical action, in
which water has performed an important part. Such deposits

1 For description of various crystalline sandstones see paper by the author, Quart.
Jour, Geol. Soc., vol. xxxvii. 1881 p, 6.
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can, therefore, only be regarded as segregations collected and
transported by aqueous agencies, either from the rock itself, or
from rocks in its more or less immediate neighbourhood.

UNSTRATIFIED DEPOSITS.

With the exception of certain ores of iron and manganese a large
proportion of the metalliferous minerals is obtained from deposits
belonging to this class. Fournet has remarked with regard to
mineral veins, that metals having become of the first necessity to
man he would naturally attach great importance to metalliferous
minerals ; and that it is to the study of their various modes of
occurrence, and of their relations to phenomena affecting the
adjacent country, that the science of geology owes its birth.
Mineral veins are exceedingly variable in character, and sometimes
exhibit appearances of a very perplexing and complicated nature.
Unstratified metalliferous deposits are generally described as being
either regular or irregular, but there is such a gradual passage from
one of these forms to the other, that it is not always easy to deter-
mine to which category a deposit exactly belongs, and the advantage
of such a classification is therefore, perhaps, somewhat doubtful.
The regular unstratified metalliferous deposits comprehend #rue
veins, segregated veins and gash veins; while the others, namely,
impregnations, stockworks, fahlbands, contact and chamber depesits,
are spoken of as irregular.

Veins are aggregations of mineral matter, differing in character
from the enclosing rocks, in fissures formed in those rocks sub-
sequently to their consolidation. All veins are not metalliferous,
but even when they do not contain an ore of one or more of the
useful metals they are often called lodes. Since veins have been
deposited in fissures in rocks, they must necessarily be more or less
completely tabular in form; butthey not only divide or thin out
towards their ends, but also exhibit through their whole extent
considerable irregularities, resulting from unequal breadth as well as
from deviations from their usual strike and dip.

The rock in which a vein is enclosed is called the country or
country rock. Those portions of the country in contact with the
vein are known as its walls or checks, and when the vein is not
vertical that which is above it is its Zanging wall, while that
below it is its foot wall. The horizontal direction of a vein is
called its strike or course, while its inclination with the horizon
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is its dip. 1In some of the mining districts of England the
inclination of a vein is measured by its underlie, or angle of
variation from the perpendicular.

A layer or sheet of argillaceous material often extends along the
walls of a lode, between the vein itself and the enclosing country
rock. This, which mainly consist of an unctuous clay, is called its
slrage or flucan, and is sometimes slickensided or scored with curved,
crooked, and unconformable striz.

Bands of compact siliceous rock often occur in the immediate
vicinity of the fissures enclosing mineral veins, and more frequently
accompany tin ores than ores of copper. This hard quartzose
material occasionally contains a sufficient amount of tin to repay
the expenses of working, and when this is the case it is generally
regarded as forming part of the lode. When, on the contrary, it
contains no tin ore, or not a sufficient amount to pay, it is called
cape by Cornish miners, and is regarded as a portion of
the country rock. It is therefore often difficult to define the
difference between an ordinary tin veinstone and a tin capel.
Microscopical examination of thin sections of capels shows that they
are often mainly composed of a quartzose base, throughout which
crystals of tourmaline are thickly disseminated. Sometimes,
and particularly when they occur in clay slates, capels consist
principally of a mixture of quartz and chlorite. In other cases,
both tourmaline and chlorite are present in the same capel,
together with innumerable microscopic fragments of almost un-
altered country rock. There can be but little doubt that in the
majority of cases the “capels” of the miner are the result of
extreme metmorphism of the country, produced by the agency of
solutions from which the materials forming the lode itself were
deposited. The replacement of crystalline and other rocks by
quartzose pseudomorphs has heen observed in connection with
metalliferous veins in various parts of the world.

A cross-course or cross-vein is a vein intersecting another of
greater geological age, which it frequently displaces from its
original course. Cross-courses are sometimes, but not always,
metalliferous ; while, in many cases, they are composed either of
quartz or of flucan. Cross-courses are often fissures filled with
matter introduced by purely mechanical means, such as fragments
of the wall-rock from above, or débris produced by the friction of
their sides one against another. This sliding motion of one side of
a fault over the other causes a violent trituration of the walls, and
gives rise to friction surfaces which exhibit smcoth and sometimes
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even polished faces, on which there are frequently parallel
scratches or furrows indicating the direction in which the
motion has taken place. The rubbing together of the surfaces
of such dislocations produces a fine powder, which, with
water, ultimately becomes transformed into a soft clay or flucan ;
the origin of selvages as well as of many cross-courses may be often
thus explained. The horizontal dislocation of a lode is called a
heave, while a vertical displacement is known as a slide or leap. The
outcrop of a vein is that portion of it which appears at the surface.

Veins are exceedingly variable in thickness, some having a width
of many fathoms, while others are represented by the filling of the
most minute crack. The longitudinal extent of veins, like their
thickness, is very variable; but as a rule, the widest are the most
persistent both in length and in depth. Some metalliferous veins
have been traced for a distance of several miles.

a. TRUE VEINS.—A true vein or lode may be defined as a fis-
sure of indefinite length and depth, filled with mineral substances,
and often containing metalliferous ores, traversing the enclosing
rocks independently of their structure, and which is not parallel
to their foliation or stratification. Veins of this class are generally
admitted to have originated in fissures or dislocations caused by
extensive movements of the earth’s crust, and are therefore believed
to extend indefinitely in depth. The two walls of a vein do not
always coincide; so that the vein fissure is frequently at the same
time a fault.

Fig. 7 is an ideal transverse section of a true or fissure vein
pursuing its course across the planes of bedding, although cutting
through them at a very acute angle. A true vein may at some
part of its course coincide with the dip of the strata, or it may even
send out spurs or branches following the lines of dip or cleavage, as
shown in the figure.

The walls of metalliferous veins are seldom parallel to one
another for any considerable distance, and their width consequently
varies in different parts. This will be understood when it is
remembered that the original fissure, which often passes through
rocks of different degrees of hardness, never follows an absolute
plane, and consequently that any movement of one of its sides must
necessarily result in an opening of unequal widths. This will be
clearly seen on referring to the annexed illustrations, in which
Fig. 8, represents a line of fracture, a b, traversing the country rock,
horizontally. In Fig. 9, a b is the same fissure, and if we were now
to divide the paper by cutting it into two parts along this line,
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and to slide the lower portion from a to a’, its upper and lower
edges would meet at the points o, leaving an irregular opening at
¢ and lenticular spaces at d. If instead of sliding the lower
portion of the divided paper to the right hand, we move it
towards the left, as in Fig. 10, for about the same distance it

Fie. 7.—True vein, a, sending out a branch, b, corresponding with bedding.

was previously moved to the right, we obtain two lenticular
spaces ¢, and an irregular opening d. The foregoing examples
serve to show to what slight circumstances considerable varia-
tions in the character of an opening between the uneven surfaces
of a fissure may be due, and explain one of the most frequent
causes of the inequality observed in the width of mineral veins.

Opening of fissures; after De la Beche.

The elevation or depression of one of the sides of a more or less
undulating fissure will necessarily give rise to similar results, and by
this means irregularities in width will be produced similar to those

caused by horizontal movements of the country rock. In order
D
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better to understand this, we may regard the foregoing dia-
grams as representing a fissure in transverse instead of in horizontal
section.

Modes of Occurrence—Among all the various forms in which
metalliferous deposits are known to occur, true veins may be
regarded as among the most important, since they are not only
the usual source of many of the more valuable metals, but they
also, from their persistency and comparative regularity, afford
scope for systematic and continuous workings.

As a general rule, lodes are associated in clusters approximately
parallel to one another, thus forming groups, which sometimes
traverse the same district in different directions. An examination
of the intersection or displacement of different veins at the points
where they are divided either by cross-veins or by one another,
shows that some of them are older than others; and thus, by
observing which of them, respectively, cross others, or are crossed
by others, their relative ages may be determined. In this way
Mr. Carne was enabled, many years ago, to divide the veins of
Cornwall into eight distinct groups according to their relative ages
The most manifest division, however, of Cornish veins is into those
running east and west, usually yielding tin and copper ores,
and lodes of which the direction is nearly north and south,
commonly producing ores of lead.

Metalliferous veins are of more frequent occurrence in the older
rocks than in the more recent, and the ores of certain metals
are to a large extent confined to particular groups of rock. Lodes
are most frequently found in districts where sedimentary beds have
been penetrated by porphyriesand other igneous rocks, and they are
consequently more abundant in mountainous countries than in
plains. Igneous rocks thus penetrating sedimentary beds are,
as well as the beds themselves, frequently traversed by ore-bearing
veins. Lodes are also often more productive in the vicinity of the
junction of dissimilar rocks than elsewhere. This is particularly
observed in Cornwall, where veins of tinstone and copper ore
occur both in granite and killas or clay slate, but they are seldom
found to be productive at any considerable distance from the
junction of the two rocks.

The dip of metalliferous veins usually approaches more nearly to
the vertical than to the horizontal. In the north of England their
inclination from the vertical rarely amounts to more than 10°, while
although averaging more than this in the mining districts of Corn-
wall, their mean inclination may be taken at about 20° from the
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vertical or 70° from the horizontal. The same lodes, within short
distances, often vary considerably in direction, width, and dip, and
they frequently split or divide into branches both in length and
in depth; these branches may or may not again unite. If as in
Fig. 11, a lode a, encloses a mass of the country rock, the included
fragment b is called a horse or rider.

The dip of a lode is not always continuously in the same
direction throughout its downward course, but, on the contrary,
it sometimes becomes gradually vertical, and finally turns over,
assuming an inclination in a direction exactly contrary to that with
which it originally started from the surface. Numerous examples
of veins varying greatly in their dip, were afforded by the Fowey

a

Fic. 11.—Horse, or rider.

Consols Mines, Cornwall, where some of the lodes divided, in
depth, into two parts, apparently without again coming together,
while few of the intersections, or junctions of one lode with
another, were attended by any displacement of either of them.
Intersections and Faults—It sometimes happens that veins
meet one another without intersection or displacement; in such
cases it is often assumed that the fissures are of the same age,
and that they were contemporaneously filled with veinstone and
ore. When veins meet at a very acute angle, they occasionally run
parallel to one another for a considerable distance and subsequently
diverge, as seen in Fig. 12. In other instances, after running
D 2
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parallel to one another for a greater or less distance, they
ultimately cross, the newer vein passing through the older one as
shown in Fig. 13. When a vein is intersected by a fissure, or by
another vein of more recent age than itself, a fault or displacement
is often the result, in which case the plane of the older vein on
one side of the line of fault no longer coincides with its extension
on the other side as shown in Fig. 14, in which a represents
the dislocated vein and ¢ the fissure or vein by which it has
been intersected.

F10. 12.—Diverging veins,

It frequently happens that a vein fissure is itself a fault, and in
such cases the difference of level which occurs between similar
strata on its opposite sides, is often called the throw of the
vein. ‘

All faults have been produced by a sliding of the country rock
on one, or on both, sides of the fissure along which the movement
has taken place. This may often be explained by a slipping down
of its hanging wall upon its foot wall in the direction of its dip;
sometimes, however, the country on the hanging wall side may

Fia. 18.—Veins crossing without displacement.

either have been forced upwards, or the two walls may have
experienced unequal or contrary movements. In other cases the
walls may have also experienced horizontal displacement.

The extent of the horizontal displacement of a lode by the
sinking or rising of the country on one side of a fault, depends
not only on the amount of dislocation it has experienced, but
also on the angle which the direction of motion makes with the
plane of the vein intersected. When this angle equals zero the
effects, horizontally, of the fault will be imperceptible, and can
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only be recognized by similar portions of the intersected vein
being found at different altitudes.

Complicated cases of faulting can only be understood after the
position of the planes of the dislocated lodes has been exactly
determined, and it has also been ascertained along which of the
various fissures displacement has taken place, as well as the
direction of the several movements.!

Fi6. 14.—Vein displaced by a cross-course,

The parallel lodes a b, Fig. 15, seen in horizontal section are
apparently heaved in contrary directions by the more recent
vein ¢. This will be understood when it is remembered that the
two lodes dip towards one another, and that any elevation of the
country on the upper side A, of the cross-vein ¢, or any depression
of the rocks on the lower side B, would produce the effect observed.
It is further obvious that, in the case of lodes dipping in contrary

Fia. 15.—Veins, dipping towards one another, displaced by u cross-course.

directions, the results of an elevation or depression of the country
on either side of the fault will be very different to those
produced by similar movements on lodes dipping towards ome
another.

When a country is traversed by fissures, crossing and dip-
ping in different directions, great care is often required in order
to understand the relative positions of the several parts after

1 Those specially interested in this subject should consult 8 C. L. Schmidt,  Theorie
der Verschiebungen dlterer Giinge,” Frankfurt, 1810. C. Zimmerman, “ Die Wieder-
ausrichtung verworfener Gange, Lager, und Fltze,” Darmstadt, 1828. R. v. Carnall,
Karsten's  Archiv. vol. ix. 1832, p. 3. C. Combes, ** Traité de I'Exploitation des
Mines,” Paris, 1844.
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having been disturbed by faults, and when the surface has been
subsequently ground down by erosion to an approximately common
level. Asan illustration let ussuppose Fig. 16, after De la Beche, to
represent such a case, a b being the present level of the country,
and 8, 3% B® b4, and b° representing so many different veins.
Let this country be dislocated along the plane of the section so
that a' ' on the side B is lifted vertically above a b on the

Fia. 16.—Effects of a fault on veins with different dips ; section.

side A, or, what amounts to the same thing, the side A has
sunk the same distance below the level of a’ ¥. It will be seen
that although the amount of vertical elevation has been common
to all of the lodes, they now occupy on the surface a b, very
different positions and distances from one another than they did
originally, according to the various dips intersected by the line of
surface. This becomes still more evident on referring to the plan,
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F1a, 17.—Effects of a fault on veins with different dips; plan.

Fig. 17, supposed to be taken at ab after the country on the side
B had been removed by denudation to the same level. The
letters and figures of reference correspond in plan and section,
and it will be found on comparing the two that the veins !, 82,
and 5° are shifted to the right, on the side of the dislocation
marked B, while {3 and b* are moved to the left; the branch & on
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the other hand, which does not reach the surface on the side 4,
appears on the side B at the level a b.

It has been already stated that the relative ages of veins and
systems of veins in districts where they cross one another, may
be ascertained by observing which of them intersect others, or are
severally intersected by others ; and that the intersection of a vein
by another of more recent da.te is often attended by a displacement
or heave of the former. In comparatively rare cases, however, the
more recent vein appears to have been displaced by the older one,
although this is not in reality the case.

The more recent vein a in Fig. 18 would appear to have been
displaced by the older one b, which it finally intersects. The true
explanation of this phenomenon is, however, that the fissure of the
vein a, following the lines of least resistance, has taken its course
for some distance along one of the walls of the older vein ,and has
then crossed it, without causing any horizontal displacement.

Fig, 19,
Veins apparently displaced by older ones.

Instead of forming an angle and following one of the walls of
an older vein, the newer one occasionally, although still more
exceptionally, enters the older vein by a fissure not extending
directly across it, but commumcatmg with longitudinal cracks
along the axis of the vein itself, which subsequently unite with a
fissure traversing the country on the opposite side. Fig. 19
represents a case of this kind, where the more recent vein a,
enclosed in the older one, follows for a short distance the course
of the vein b, by which it would at first sight appear to have been
displaced.

When a lode is divided by a fissure resulting in a slide or leap,
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the movement of the hanging wall is generally downwards along
its foot wall. Fig. 20 is a case of this kind, where the dip of the
fault and that of the vein are in contrary directions. In Fig. 21
the dip of the vein and that of the fault are seen to be in the
same direction.

Mineral veins like beds, are occasionally affected by reversed
faults ; two examples of these are represented by Figs. 22 and 23.
In the first it will be observed that there is a space, in the direction
of the movement, between the two portions of the divided lode,
which if projected on a horizontal plane would represent a sterile
space of which the width will vary with the extent of the dis-
placement.

In Fig. 23 the vein has, on the contrary, been forced upwards

~— <
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Fic. 20. Fic. 21.

Fia. 23,

Slides or leapr.

in such a way as to overlap itself, and a projection of the raised
extremity upon a horizontal plane would show two superimposed
lodes over a space, the width of which will depend on the amount
of dislocation,

‘When the throw has been produced by a fissure, of which the
position is exactly vertical, the direction in which the movement
has taken place can only be determined after a careful study of the
sequence of the rocks on both the hanging and foot-walls of the
lode, and their correlation with the same rocks where visible in
undisturbed ground.

When a vein fissure becomes somewhat abruptly contracted so
as to be represented by a mere crack in the country, the lode is
said to be nipped. Branches which leave a main lode and fall
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away into the country rock are called droppers, while those which,
on the contrary, fall into the lode from the surrounding rock are
known as feeders. The character and direction of these offsets
from a vein are carefully watched by the practical miner, who, .
from their general appearance and position, often forms his opinion
with regard to the portions likely to yield the largest amounts
of ore. :

Structure of Veins and Composition of Veinstones.—Speaking
generally, the larger proportion of every vein fissure is occupied by
gangque or veinstone ; these being the terms applied to the non-
metalliferous portions which almost invariably accompany ores of
the valuable metals in a vein or lode.

The most constantly occurring substance in veinstones is quartz,
which is probably to sume extent present in all mineral veins.
This quartz is usually either crystalline or crypto-crystalline and
contains numerous fluid cavities ; it is sometimes also concretionary.
Beautiful specimens of crystallized quartz are obtained from the
druses, or wughs, which are frequently met with in veins.
After quartz, carbonate of lime is the mineral which most frequently
forms one of the constituents of veinstones; it is commonly crystal-
line, and often passes into brown spar or dolomite. Fluor spar
and heavy spar are also minerals which frequently occur in vein-
stones. In many cases these, either singly or together, constitute
for considerable spaces the ensire filling of vein fissures without
any admixture of metalliferous ores.

If thin sections of veinstone be examined under the microscope
with polarized light, they will be found to consist largely of crystals
or crystalline grains; but, to the unassisted eye, they sometimes
appear to be compact, or only slightly granular. Through this
amorphous or granular ground-mass metalliferous ores are dis-
seminated in patches, lamin, or crystals; and when crystallized
forms prevail, the mechanical constitution of the veinstone is
analogous to that which among rocks is known as a porphyritic
structure.

Many lodes enclose fragments of the surrounding country rock ;
these, which are sometimes angular and at others rounded, are
cemented together either by ordinary veinstone or by metalliferous
ores. The latter was the case at Relistian, in Cornwall, where
rounded pebbles of a dark-green chloritic schist were found
cemented into a conglomerate by a mixture of oxide of tin,
chalcopyrite, and quartz.

It will be remembered that when a fragment of the country, of
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such large dimensions as to divide a lode into two branches
occurs, and these branches subsequently unite upon all sides, the
included rock is called a horse. Pieces of country rock in frag-
.ments too small to be distinguishable by the unassisted eye,
are also frequently enclosed in siliceous veinstones. Fig. 24 re-
presents a section of a veinstone of this class from a lode at Huel-
goét, Finistére, France, seen under the microscope. It will be
observed that the various disunited fragments of included slaty
rock appear to have separated from one another very gradually,
and the exact way in which they formerly fitted together is
still readily traced. In this instance the fragments of slate
are quite unaltered, and their outlines sharply defined. This,
however, is not always the case, since in other specimens thc

x 35
Fia. 24.—Veinstone, Huelgoét.

enclosed fragments of country are often to a large extent replaced
by silica, leaving ouly a shadowy image of their original forms.
The substitution, in rocks, of silica for other minerals is not
unlike the replacement of woody fibre by the same substance in
ordinary silicified woods, excepting that in the latter the silica is
always more or less hydrated. Examples of this kind of silicifi-
cation are often observable as capels where the walls of a vein
have been subjected to silicifying action. When a mineral
vein occurs in crystalline rocks, such as porphyry, thin sections
not unfrequently show that portions of the country, now forming
part of the veinstone, although to a large extent silicified, still
exhibit traces of forms which were originally felspar crystals.
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In brecciated lodes, as veins made up of broken materials are
called, the included fragments, instead of having originally been
pieces of the country rock, are in some instances portions of a
previously existing metalliferous vein, which has been disrupted
by the re-opening of the vein fissure, and its contents reduced to a
fragmentary state by the subsequent grinding together of its walls.

In many cases a vein encloses at the same time pieces of the
country rock and of veinstone belonging to an older lode; this
is shown in Fig. 25, which represents a fragment from a quartzose
copper lode at the Knockmahon Mines, Ireland.

Pic. 25.— ent of lode, Knockimnahon, F1a. 26.—Fragment of lode, Bergmannstrost
Ireland ; natural size. Mine, Clausthal ; after v. Groddeck.

a, Older veinstone with chalcopyrite ; b, country a, Older veinstone ; b, quartz; ¢, galena;
rock. d, blende; ¢, calcite.

In place of consisting simply of embedded fragments of older
veinstone or of country rock, the inclusions in veins are sometimes
covered by regular deposits of other minerals. When metallic
sulphides or other ores have been thus deposited, they are known
a8 ring ores or cockade ores.

Fig. 26 represents an example of the last-named formation from
the Bergmannstrost Mine, Clausthal.

When the ores deposited around fragments of included rock
have a radial crystalline structure, they are sometimes called
spherulitic ores.

At Huelgoét the principal lead vein is in part composed of what
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would at first appear to be a conglomerate, consisting of quartz
pebbles cemented together by blende, pyrites, quartz, and galena.
On breaking these “ pebbles” they are all found to consist of a
central nucleus of slaty country rock, surrounded by an envelope
of slightly chalcedonic quartz, and only in outward appearance
differing from an ordinary quartz pebble in being somewhat
less smooth.

Fig. 27 represents one of these pebbles which has been cut
through and polished by the lapidary, and which, in addition to a
nucleus of dark slate, shows evidence, at «,that it has been broken
by the movement of the enclosing walls and subsequently re-
cemented by a growth of quartz.

The various minerals of which the filling of a vein fissure is
made up, are frequently arranged as a succession of plates parallel
to itswalls. These plates or combs are aggregations of crystalline

Fig. 27.—* Pebble,”” Huelgoct ; two-thirds natural size,
a, Line of fracture.

minerals, the separate crystals of which arc usually arranged
with their longer axes at right angles to the walls of the lode;
while their form is more perfectly developed at the ends turned
towards its centre than at the other extremity. The ribbon-like
structure of comby lodes indicates long-continued chemical action,
occasionally interrupted, but again renewed under different con-
ditions; the substances deposited on the walls varying with the
nature of the minerals held in solution at the time the bands were
severally formed. Some parts of a vein may exhibit a comby
structure, while others show no trace of any particular
arrangement.

Vein fissures frequently bear evidence of having again opened
after having become filled with mineral ; the new opening
thus formed affording the requisite space for a further deposition
of veinstone. In some cases the re-opening of the cavity appears
to have been repeated several times in succession, the thickness of
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each comb indicating the width or progressive widening of the
fissure during the time its filling was being deposited. It not
unfrequently happens that the re-opening of a fissure has been
attended by a grinding together of the walls, resulting in the
production of slickensides and flucans. In some lodes the width
of the fissure would appear either to have gradually increased or
to have remained unaltered during the whole period of its being
filled, while successive deposits took place in such a way as to
produce a series of bands arranged parallel to one another.

One of the most remarkable examples of symmetrical repetition
in a comby lode is presented by the Drei Prinzen Spat Vein, near
Freiberg, a portion of which, is represented in Fig. 28. Next

Fic. 23.—Section of the Drei Prinzen Bpat Vein, ncar Freiberg; after v. Weissenbach.

to the walls on each side is a crystallized deposit of blende followed
by layers of quartz, succeeded by others of fluor spar, iron pyrites,
and heavy spar, &, as indicated in the figure; each comb on
one side having one exactly corresponding to it on the other.
The middle portion is occupied by crystals of calcite on either
side of a central cavity, the whole showing ten symmetrical
repetitions of six different minerals.

Such perfect symmetry is not, however, common, and when it
occurs it does not afford convincing evidence that no re-opening of
the fissure has taken place, since one might evidently be produced
without any perceptible displacement or grinding of the walls.

The combs of the same vein may be symmetrically arranged
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in one portion of its section, and occur without any degree of
symmetry in another. )

Fig. 29 represents a transverse section of part of a vein at
Huel Mary Ann, near Liskeard, Cornwall, which furnishes an
example of alode in which the layers, which are not numerous,
appear to be arranged symmetrically.! Here there are, first of
all, two walls of killas or clay slate, and then, proceeding from the
walls inwards, a layer of chalcedonic quartz, a, locally called cab.
To this follows a layer of vitreous crystallized quariz b, mext

galena ¢, and finally chalybite d. )
Fig. 80 is a section of the same vein at a short distance from
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¢« dedelb o
F1a. 29.—8ection of vein at Huel Mary Ann ; after Le Neve Foster.

the foregoing, where it has a partly combed structure and partly a
brecciated one. On the hanging wall the cab, a, is traversed by a
vein of vitreous quartz, b, which crystallizes out in a large vugh;
then follows another band of quartz, ¢, while on the foot wall there
is a breccia, d, composed of fragments of killas and cab cemented
together by galena and calcite. In this case the various phenomena
connected with the formation of the lode probably occurred in the
following sequence :—

Firstly, formation of the fissure, accompanied by a shifting of

1C. Ie Neve Foster, ““ On the Lode at Huel Mary Ann, Menheniot,”—Trans,
Royal Geol. Soc. of Cornwall, vol. ix., 1875, p. 152.
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the strata. A succession of empty spaces were left, and some
parts were more or less filled by fragments which had fallen from
the walls. As might be anticipated, this breccia chiefly occurs on
the foot wall.

Secondly, deposition of the cab, which, to a certain extent,
filled the fissure and cemented together the fragments from
the walls.

Thirdly, re-opening of the fissure; the new line of fracture
sometimes traversing the middle of the filling of cab, at others
cutting across it, and ultimately following one of the walls of
the original fissure. Pieces of the wall and of the previously-
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F10. 80.—8ection of vein at Huel Mary Ann ; after Le Neve Foster.

formed cab then fell in, and quartz, galena, chalybite, and calcite
were successively deposited in the open spaces.

Fig. 31 is a section of a lode in granite at Carn Marth, near
Redruth, one-twelfth natural size, affording a good example of
a fissure which has been several times re-opened.! It will be
observed that each re-opening has been attended by an amount
of grinding action between the walls, sufficient to produce a clay
parting of considerable thickness. This lode is enclosed in granite,
and the dots and patches of black in the figure represent spots
and bunches of copper ore.

1 J, H. Collins, *‘ On the Mining District of Cornwall and West Devon. " "—JInstitute
of Mechanical Enginesrs, Proceedings, 1873, p. 89.
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The arrangement of the various minerals in the combs of a
vein is precisely that which would result from their crystallization
either from solution or by sublimation ; the successive layers are
produced by deposits parallel to the walls, while the crystals
have their longer axis directed towards the centre of the vein.
It would therefore appear that the phenomena observed might
be produced in at least two different ways, but this subject will
be again referred to when we consider the various theories which
have been advanced to account for the formation of mineral veins.
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F:a. 81.—Section of vein, Carn Marth.

Distribution of the Ores in Lodes—In a vast majority of cases
the more metalliferous parts of a lode, or those which yield the ore
sought in an approximately marketable state, constitute but a
comparatively small proportion of the whole, and but few metal-
liferous veins are sufficiently rich throughout their extent to
pay for the removal of the whole of the veinstone. A large pro-
portion of the lode is consequently left standing in the mine, while
the richer portions only are taken away and brought to the surface.
It is always a matter of considerable uncertainty whether
rich deposits of ore may or may not occur in a vein, and no
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definite opinion can be formed on the subject until a careful
study has been made both of the vein and of the neighbourhood in
which it is situated. In regions in which parallel lodes, similarly
situated, have been extensively worked, the miner profits by the
experience thus acquired, and considers there is a probability that
like conditions may produce similar results. When, therefore,
such lodes exist in any given locality and the position and direc-
tion of any courses of ore in one or more of them have been
ascertained, there is a probability that the others may contain
similar deposits.

It would be of great scientific interest, as well as of the
utmost practical importance, if the causes of this unequal dis-
tribution of ore could be discovered, and some rule laid down for
detecting the position of the richer portions of a lode. Unfor-
tunately, up to the present time, no certain method of doing this
has been found, and it is only by a careful study of the dis-
trict in which a vein is situated that anything like an
approximation to this knowledge can be acquired. The con-
clusion arrived at will be much influenced by numerous almost
undefinable facts, and indications, which, although they enable
the miner who is well acquainted with a district to direct
his operations with a cousiderable amount of accuracy, would
probably lead him to the commission of grave mistakes if applied
in a totally different locality. Miners with fixed ideas, resulting
from observations made in a limited area, are consequently
liable to make serious mistakes when they attempt to apply their
experience in distant and totally new localities.

When a mass of ore extends in a lode in the direction of its
course, horizontally, in such a way that a gallery or level driven
through it for a distance of many fathoms is continuously or almost
continuously in rich mineral, and this ore is again met with in
levels above and below it, the deposit is known as a course of ore.
Such courses of ore are sometimes very extensive, as, for example,
in the adjoining mines of Huel Seton and Huel Crofty, in Corn-
wall, where a course of copper ore extended continuously over a
length of 225 fathoms, and had an average depth of about fifty
fathoms.

In the mining districts of the West of England when a course
of ore is spoken of without specifying the metal that is present,
the word copper is often understood. Thus it is usual to speak of a
course of ore, a course of tin, a course of lead, &c. Large masses
of ore occurring in the mines of the new world are sometimes

E
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called donanzas, but this term is chiefly restricted to deposits
containing one of the precious metals.

When deposits of metalliferous minerals assume the form of
bands or columns more or less steeply inclined in the plane
of a lode, they are known as shoots of ore or chimneys of ore.
The shaded portions in Fig. 32 represent the mode of occurrence
of galena at the celebrated Snailbeach Mine, Shropshire, which
affords a good example of an ore occurring in shoots. The
horizontal extent of a shoot of ore is for the most part some-
what limited, while its persistency in depth is often very con-
siderable. As a general rule, all the ore-shoots in a given vein
dip in the same direction, which, most commonly, is also that of
the bedding, or cleavage, of the rocks through which the lode
passes. The distinction between a course of ore and a

x.

F1o. 82.—Lougitudinal section of a portion of the Snailbeach Mine, SBhropshire.

shoot, although wusually sufficiently definite, is nevertheless,
to some extent, vague, since, in extreme cases, the form and
character of a mass of ore may represent a sort of passage from
the one form to the other. The term, course of ore, may, however,
be regarded, generally, as applied to tabular more or less horizontal
masses of ore of unusual extent and richness, while the word shoot,
which conveys the idea of a workable deposit, is chiefly used
as indicating the high inclination and persistency in depth of the
ore-bearing portions of a vein.

When a course or shoot of a metalliferous mineral has been
discovered in any one of a series of parallel lodes traversing
the same country rocks, there is a considerable probability that
somewhat similar deposits may be met with in approximately
corresponding positions in the other lodes of the group. Inas-
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much as the more valuable deposits found in a series of parallel
lodes are usually enclosed in the same country rock, it follows that
these, as well as the lodes themselves, will be approximately
parallel ; hence the aphorism of the miner, ore against ore.

This arrangement of the metalliferous contents of a series of
veins will be understood on referring to Fig. 33, in which g, b, ¢,
are veins, and d the country rack ; the deposits of ore being indicated
by lines of shading.

When the ore in a lode occurs in detached patches it is said to
be bunchy, and each separate patch is called a bunch. Although,
according to this definition, it may be sometimes difficult to dis-
tinguish between a small course of ore and a large bunch, the terms
are usually well understood and are regarded as being fairly
definite. It has been observed that in bunchy lodes, the bunches,
like shoots of ore, have a tendency to arrange themselves in
accordance with the dip, or cleavage, of the enclosing rocks,

Fi:. 33.—Ore deposits in parallel lodes.

In many cases the ores in a lode occnr neither in courses,
shoots, nor bunches, but are disseminated in a crystalline or
granular form throughout the veinstone. Lodes in which the
ores thus occur are, by Cornish miners, known as dradge lodes.

The conditions under which deposits of ore occur in mineral
veins vary in different districts, and it would be impossible to lay
down anything beyond very general rules relative to this subject.
Attention will, however, be directed to these local peculiarities
when the various districts in which they occur are specially
described.

It may, however, be stated, speaking generally, that those lodes
are most productive whose dips approach most nearly to the
perpendicular, and that the most productive portions of lodes are
usually enclosed between walls possessing a moderate degree of
hardoess. This may, to some extent, be accounted for by
the fact that accumulations of débris from the wall rock will less

E 2
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frequently take place in the fissures of nearly vertical lodes than
in those of which the inclination approximates more nearly to the
horizontal. It will be obvious also that a larger number of frag-
ments will fall into a vein fissure from a soft splintery hanging
wall than from a moderately hard and sound one.

Miners are aware that in all metalliferous districts lodes fol-
lowing certain known directions are more frequently productive
than those which vary only a few degrees from that course. This
may, perhaps, be accounted for on the assumption that fissures
formed during periods when salts of various metals were held in
solution by waters circulating through them, will become charged
with ores of those metals. Fissures opened at subsequent
periods will, in their turn, become filled with ores of metals
resulting from the salts at that time circulating in solu-
tion, and which differ from, and have replaced those preseunt
during the period the first system of vein fissures was being filled.
On the other hand, fissures may be formed at an epoch during
which the circulating waters contained no metallic salts, and in
that case the resulting veins will be non-metalliferous.

M. Moissenet, who has studied the metalliferous veins of
different mining districts, and especially those of Cornwall, with
reference to the relations existing between their productiveness
and their direction, has endeavoured to explain the observed
phenomena in accordance with M. Elie de Beaumont’s theory of the
Réseau pentagonal. The assumption of the simultaneous elevation
of parallel mountain chains is however not generally received by
geologists, and the conclusions arrived at by M. Moissenet are not
always in accordance with established facts.

Outcrop of Lodes—The outcrops and upper portions of metal-
liferous veins are often found to have undergone a series of chemical
changes by which they have ultimately become transformed, more
or less completely, into siliceous peroxide of iron and hydrated ferric
oxide. This product of decomposition receives various names in
different mining regions. By the Cornish miner it iscalled gossan ;
in France it is known as ckapcau de fer, and in Germany as
eiserner Hut. The pacos or colorados of South America are
essentially similar productions, which, like all vein-cappings, vary
to some extent in colour and composition.

The ferric oxide in these outcrops is most frequently derived
from the oxidation of metallic sulphides containing a large pro-
portion of iron, such as ordinary iron pyrites, magnetic pyrites,
chalcopyrite, &c., and being disseminated generally throughout
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the mass, it imparts to it its usual predominating red or brown
colour. In some cases the ferruginous capping of lodes is
a result of the decomposition and peroxidation either of siderite,
or of bitter spar containing iron.

Gossans often extend to a depth of many fathoms, but are
seldom found much below the drainage level of the district.
They sometimes contain valuable metals, such as gold, silver, copper,
and lead, which were originally associated with the minerals from
which the ferric oxide was derived. The gold is invariably found
in the metallic state ; while the other metals may occur in com-
bination with oxygen, chlorine, iodine, bromine, &c., or with
carbonic, sulphuric, or phosphoric acids. Arsenic is also one of the
metals often present in ferruginous outcrops, and native copper is
not of unfrequent occurrence. With increasing depth these products
of decomposition gradually pass over either into sulphides, or into
spathic ores, &c. In the same. way the auriferous pyrites occurring
near the outcrop of gold veins ordinarily becomes transformed into
pulverulent oxide of iron, from which:gold is readily separated either
by washing or amalgamation. From this cause many auriferous
quartz veins have, when worked near the surface, been found to
readily yield their gold, but after the water-level has been reached,
sulphides have made their appearance, and much difticulty has
been experienced in treating the auriferous rock.

The presence of such products of decomposition at the outcrop,
has, at all times and in all countries, been regarded by miners
as affording an indication that a vein may, in depth, prove
abundantly metalliferous. It must, nevertheless, be borne in mind,
that the decomposition of common pyrites, and of various other
ferriferous minerals, gives rise to the formation of a gossan differ-
ing from that which results from the oxidation of chalcopyrite
chiefly in being somewhat more compact. The occurrence of
gossan may consequently be regarded as indicating the probable
presence of a metallic sulphide, and where one metallic sulphide
is present in large quantities, others will probably be found.

When the ferruginous capping of a lode contains, as is often
the case, other metals in addition to iron, their presence may be
regarded as adding considerably to the probability of the occurrence
of their ores at a greater depth. The wall rocks on either side of
gossan outcrops are usually much decomposed and softened, by
the action upon them of the various solutions resulting from
chemical changes which have taken place within the vein.

Grouping and Sequence of Mincrals in Lodes.—An:ong the
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various substances constituting the filling of vein fissures,
certain minerals arc more frequently associated with one
another, than they are’ with others. In this way pyrites and
chalcopyrite, blende and galena, wolfram and cassiterite, heavy
spar and fluor spar, &c., are found together. These combi-
nations, which are sometimes very complicated, are not always
consistent, and as the number of minerals which occur in veins
is extremely large, it would be very difficult to enumerate
all the different combinations of this "kind which have been
observed. Definite associations of ores and veinstones are some-
times called ore formations, vein formations, vein types, &c. The
grouping together of certain mineral species in metalliferous
veins may possibly be due to the common solubility of these ores
in the same medium, and to their ability to deposit crystals from
the same solutions under similar conditions. Although it would
be difficult to enumerate all the known associations of metalli-
ferous ores in lodes, the table on p. 55 will afford a general idea
of the more simple groupings which they affect.!

The succession of the various minerals constituting either
a series of dissimilar combs, or the successive crystallizations of
geodes or druses, has long attracted the attention of the scientific
miner. Many years ago v. Weissenbach observed the following
sequence of vein-material from the wall rock to the centre in
the system of lodes which occur in the district around Brand, a
few miles west of Freiberg.?

1. Quartz veins containing iron pyrites, black blende, and
galena, with mispickel, affording a moderate proportion of silver.

2. Diallogite and brown spar, in addition to the above-
mentioned ores, which are rich in silver and contain patches of
argentiferous tetrahedrite, and other rich silver ores.

3. Spathose iron ore, fluor spar, and heavy spar, over which a
greyish variety of brown spar has sometimes been deposited.
The ores of group 2 are present, but in less quantities, and the
galena disseminated through the hcavy spar contains but little
silver.

4. Calcite, occasionally enclosing rich silver ores, but without
the ores of group 1.

The sequence of the various minerals constituting metalliferous

1 Bernhard v. Cotta, * Die Lelre von den Erzlagerst'\ttcn," 2nd edltlon, Freiberg,
1859, p. 37. American Translation, 1870, p. 1

2 C. G. A. v. Weissenbach, “Abbxldungen merkwﬂrdrger Gangverhiltnisse aus dem
siichsischen Erzgebirge,” Lelpzxg, 1836, p. 31.
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veins has also been examined by both Breithaupt and Heh&ood,
neither of whom was enabled to deduce from his observations
any general law of succession. With comparatively few exceptions,
bowever, all the various series of minerals in veinstones begin

AsSOCIATION OF ORES IN METALLIFEKOUS VEINS.,

Two Members. l Three Members. ! Four or more Members.

l Galena, blende,iron pyrites, quartz ;
and spathic iron ore, diallogite,

i brown spar, calc spar; or heavy
spar.

Galena, blende, iron
yrites.

Galena, blende. Y
(Silver ores.)

i . . l Iron pyrites, chalcopyrite, galena
Iron pyrites, Iron pyri te:,a:galcopyntc. | blende; and spathic iron om:
1 . | diallogite, brown spar, calc spar ;

chalcopyrite.
(Copper ores.) or heavy spar.
e I r
Gold quartz, iron pyrites, galena, :
Gold, quartz. Gold, quartz, iron blende ; and spathic iron ore,
» qU pyrites. diallogite, brown spar, calc spar; |

| or heavy spar,

! Cobalt and nickel ores, iron pyrites ;
Cobalt and Cobalt and nickel ores, and galena, blende, quartz,
nickel ores. and iron pyrites, spathic iron ore, diallogite, brown

spar, calc spar ; or heavy spar.

Tin ore, wolfram, quartz, mica,

Tin ore, wolfram. | Tin ore, wolfram, quartz. tourmaline, topaz, &c.

Gold, tellurium, tetrahedrite| Gold, tellurium, tetrahedrite, quartz;

i Gold, tellurium. (Various tellurium ores.) and brown spar ; or calc spar.

Cinnabar, tetrahedrite, Cinnabar, tetrahedrite, pyrites,

' Cinnabar, pyrites :}uaﬁ'tz; and spathic irlon ore,
' tetrahedrite. . . L i ite, brown y ar ;
edr i(V ariousores of quicksilver.) o,.&h:.glvy ;par. spar, ol spars
Magnetite, Magnetite, chlorite, | Magnetite, chlorite, garnet, pyrox-

chlorite. garnet. | ene, hornblende, pyrites, &c.

with a layer of quartz, but beyond this it is found that, even in
the same district the different minerals constituting subsequent
deposits frequently vary, not only in the order of their succession,
but also in their composition.
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The following table has been constructed from a much longer
one by W. J. Henwood, in which he summarizes the results of his
personal observations relating to the order of succession of the

minerals in various lodes in Cornwall.!

PosiTIONS OF CONSTITUENT MINERALS IN CERTAIN LODES IN CORNWALL.

|
Subst next | Subst next | Minerals adjoin- | Minerals adjoin-
Rock. adjoining the | to that which | ing that in the | ing that in the Localities.
rock. i adjoins the rock.| last column. last column.
Granite. Quartz. Quartz. Chalcedony. . Pedn-an-drea.
" ” Arseniuteofiron.| ... Huel Gorland.
“ } ” Wolfram. | ... 3t. Michael's Mount
" i " Uranite. Gunnis Lak
' v ?xide of tin. Tl;l,‘ngsttl:teb‘;r ll‘:ne Huel Friendship.
Earthy brown | Vitreous copper arthy blac
m: ore, ore. PP coppar ore. } ...... Huel Jewel. |
— i
Green- | § Stalactitic
stone, Quartz. { Sounrta. Quartz. | e Huel Edward.
” guum Aﬁa%onite. ...... Levant.
ydrous
" ” {oxideoflron. } ..... Restormel.
”» Chlor‘lte. Oxide of tiln. ...... Huel Vor.
. A yvy :)yn'm. Huel Unity Wood. |
- ghlori(e. Copper pyrites. | Mineral piich. | North Roskear, ®
Clay slate uartz. Quartz. Copper pyrites. Quartz. East Crinnis.
¢ ” ”» Copper pyrites. | Copper pyrites. | United Hills.
" Iron pyTites. {Carb&::te of Spuwm.iron Virtuous Lady.
" Galena. Galens. Huel Rose. !
" Copper pyrites { s‘{,{{,’,{‘,‘f{;’ o Fowey Consols.
, Quartz. Blende. Fluor spar. Polberrow.
Elvan. | Oxide of tin. | Oxide o{ tin. Bioe coionater] T Wherry Mine.
¢ Earthy brown lue carbonate
Qh“':'" { ™" iron ore. of copper. } """ Ting Tang.
Earthy brown
fron ore. N:t:e copper. R e . Huel Buller.
| Quarts. ({ ;’:f;‘:& | R (- Ting Tang.
I { Be«?oxide of }
» copper.  §| e | e ”»
' » Chrysocolls. |  .eeee | e ”"

The most recent investigations relative to this subject are those
lately published by Sandberger on the paragenesis of the minerals

constituting the veins at Schapbach, in Baden.

In this mine two

distinct lode formations are developed on the course of the
Friedrich-Christian Vein where it traverses the gneiss, namely
the Schapbachite, or bismuth-silver-ore formation, represented by
the so-called “ Hard Branch,” and the coarse-copper and lead-ore-
bearing fluor-spar-pyrites formation.

1 Trans. Royal Qeol. Soc. of Cornwall, vol. v. 1843, Table C, facing p. 214.
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The succession of the different minerals contained in both these
formations has been carefully worked out, and numerous sections
across the veins at different points are given. A comprehensive
table is also furnished showing the sequence of the various
secondary minerals resulting from the decomposition of the primary
or normal ores, &c., originally deposited in the vein fissure. In this
case, as in those already quoted, there is great irregularity with
regard to the succession of the various deposits, but in order to
render this obvious it will be sufficient to give the results of
Sandberger’s examination of the Hard Branch only :

FRIEDRICH-CHRISTIAN VEIN.—PARAGENEsIS oF HARD BrANCH.!

a. 1. Decomposed granular banded gneiss, with reddish felspar and whitish mica.
2. White quartz, passing into greyish hornstone and milk-blue chalcedony, with
angular fragments of the country rock, disseminated Schapbachite, galena
(I), and copper pyrites (I).
8. Quartz »R. :R.
4. Galena ®0o. O (Twinning on O). Native bismuth - 2R.0R, in very small
crystals in the rarely-occurring druses.

b. 1. Gneiss (as above).
2. Compact quartz and chalcedony, with strings of Schapbachite an inch wide, and

nests of massive copper pyrites (I) and crystals of iron pyrites (— 00 o )
3. Roselite in translucent blebs in fissures, coating quartz and iron pyrites.

¢. 1. Grey hornstone with disseminated Schapbachite and galena (I), copper pyrites
(I), and iron pyrites (I).
2. White quartz (o R.£R), galena (I) 0 .0).
Native bismuth (OR. - 2R), bismuth glance occurring only in druses, in aggre-
gotes of very small acicular crystals.

. Whitish gneiss.

. Grey quartz with Schapbachlte and galena (I), and copper pyrites (I).
. White quartz, with numerous impressions of cubes of fluor spar.
White quartz in crystals (o R. £R.).

W DD

-
b

. Whitish gneiss.

. Gray quartz, with Schapbachite and galena.

3. Coarse foliated calc spar (I), crystallized in large scalenohedra (R?) in druses,
but mostly correded and earthy or dull,

N

. Whitish gneiss.
White compact quartz.
. Fluor spar (I) pale green, mixed with calc spar (I) and coarse-grained galena.

L L

1 Fridolin Sandberger, ¢ Untersuchungen iiber Erzginge,” Part I., p. 86, Wies-
baden, 1882,
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g. 1. Quartz (1I) in larger crystals, with galena.
2. White calc spar (I) (R?).
3. Quartz (IV) and copper pyrites (I1I) in thin crusts.

. Quartz (I1) in larger crystals, with milk-white roundish enclosures.
. Copper pyrites (11) in twins.

. Brown spar (R).

. Culc spar (I1) (oR.R3. - 4R.R).

- O R

&. 1. Quartz (II) in larger crystals. -
2. Calc spar, in sheaf-life aggregates of scalenohedra (R%) an inch long, super-
ficially altered into chalybite, encrusted and penetrated by
3. Quartz (111) pseudomorphous after barytes.
4. Calc spar (1) in small groups of crystals (=R. - §R).
5. Copper pyrites (I11I) crystallized, with small crystalline aggregates of quarts
(Iv).

k. 1. Compact quartz with angular fragments of gneiss, and disseminated galena and
copper pyrites (I).
2. Fluor spar in rough yellowish cubes, in regular intergrowths with quartz (I11)
after barytes.
8. Calc spar (II) (=R.R3 - §R).
4, Copper pyrites (11]) crystallized.

_In the foregoing table, when a mineral has been formed at only
one period in the history of the lode, no large numeral is
affixed. The numbers I, II, III, and IV, indicate four successive
stages of deposition for each mineral, but they do not refer to any
particular band or contemporanecusly formed pair of bands in the
lode. These latter are indicated by the small numerals arranged
under the different sections a, b, ¢, &c., in the table of paragenesis.
The sections show the contents of the lode at certain spots,
selected as typical of the differences occurring successively along
its course.

The various minerals of which metalliferous veins are composed
do not always, even in the same lode, occur in a similar order of
succession, and when the same minerals are found in corresponding
order in different veins, it by no means follows that they are of
equal geological age. Metalliferous minerals occur in veins of
every age, and the same minerals are sometimes found in a simi-
lar order of succession in those belonging to very different periods ;
such series being not unfrequently repeated more than once in the
same vein. In such cases, similar processes of formation appear
to have been periodically repeated.

These successions of mineral deposits cannot therefore be
regarded as characteristic of particular geological periods, neither
must their nature be considered as dependent on their age. The
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same periods have not everywhere produced similar combinations
or successions, and different periods totally dissimilar ones; con-
sequently, it is not possible from the nature of the mineral
combinations and successions which occur in a given vein to
determine its geological age. In the case of vein fissures formed
at different periods, the mineral deposits which take place will
depend upon the nature of the substances dissolved in the waters
circulating through them at the time of their formation. In
the same locality the nature of these solutions has changed from
time to time, while similar solutions have re-appeared at certain
intervals which have no known general connection with geological
time. These changes have been confined to comparatively
limited areas, and are not believed to have affected all veins of
the same age.

In addition to the minerals originally deposited in vein fissures
during the progress of filling, lodes often contain other mineral
substances which have been derived from these original deposits by
their decomposition and a new arrangement of their constituents.
Secondary formations of this kind, for the most part, constitute a
very small proportion only of a lode, and occur chiefly near its
outcrop and in the vicinity of its intersection by other veins. In
this way, in addition to oxide of iron derived from the decomposition
of sulphides, the gossans forming the outcrops and shallower portions
of many lodes frequently contain massicot, cerussite, anglesite, pyro-
morphite, wulfenite, &c., resulting from the alteration of galena; and
cuprite, melaconite, malachite, and azurite from the decomposition
of chalcopyrite.

The formation of these secondary minerals can however be
generally traced to well-known chemical reactions, and is there-
fore quite distinct from the agencies by which the deposition of
the original vein material was accomplished.

The occurrence in lodes of minerals exhibiting pseudomorphic
forms, produced by their deposition in moulds left by the removal
of crystals of other substances, and the presence, in drusy cavities,
of stalactites of calcite, quartz, pyrites, &c., indicate that a partial
decomposition and re-arrangement of some of their constituents
has been effected by the action of water at comparatively low
temperatures.

The water now issuing from the back of one of the cross-cuts
at Dolcoath deposits in considerable quantities a soft, greyish-brown
precipitate, iron sinter, which frequently assumes stalactitic forms.
Similar incrustations, although generally less abundant, are found
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in nearly all deep mines wherever water issues from the vicinity
of a vein and flows over the surface of the adjacent rock.

Two analyses made of air-dried specimens of this substance
afforded the following results:—

1. IL l
combined . . . . . 12°77 1145 |
Water| pygroscopic . . . .| 1590 1520
Ferricoxide . . . . . . . . 3630 8775 |
Manganic oxide . . . . . . trace trace |
Arsenicacid . . . . . . . . 32-47 3255 :
Arseniousacid . . . . . . . trace 68 |
Sulphuricacid . . . . . . . 265 2-52
10009 100°15 ‘

No. I. is an analysis of this deposit made in my laboratory;
No. IT.is that of another specimen, made by Mr. Dugald Campbell.

Influence of Depth upon Lodes.—For a long time there appears
to have been an impression that lodes are productive to a certain
depth only, and that all below is barren and without value. The
earlier miners in California were so fully impressed with the idea
that the outcrops were more productive than the deeper portions
of the same veins that when the quartz ceased to afford remuner-
ative results, they seldom proceeded to any considerable additional
depth before suspending their operations. Within the last thirty
years, however, experience has entirely changed their opinion upon
this subject, as deeper workings have led to the conclusion that
there is no evidence tending to indicate a progressive falling off in
the yield of gold.

Auriferous veins are always variable in their yield, and it may be
assumed that those which at the surface afforded evidence of the
presence of gold first claimed the attention of the miner. These,
after having been worked to a more or less considerable depth,
ultimately became unproductive, and although further prosecution
of the operations might have led to fresh discoveries, the miner,
who was usually without capital, soon transferred his operations
to some other outcrop showing visible gold.

- Another reason for the prevalence of this belief among the earlier
miners may be traced to the fact, which has been previously men-
tioned, that gold is almost invariably associated with iron pyrites
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and other metallic sulphides, and these becoming decomposed, near
the surface, liberate the gold, which is readily collected by washing
and amalgamation. In the deeper portions of a vein these sulphides
remain undecomposed, and although an equal amount of gold may
be present, the results obtained by the miner are less satisfactory.
With improved machinery and better methods of treatment, this
difficulty has now to some extent disappeared, although it is well
known that the gold liberated by the natural decomposition of
pyrites can be very easily collected.

The working of mines is more easily and more cheaply con-
ducted near the surface than at more considerable depths, and
as the difficulty and cost increase with the progress downwards,
horizontal explorations on the strike are, in the aggregate, much
more extensive than are those upon the dip of lodes. When at
a given depth a lode or shoot of ore has temporarily ceased to
be productive, it frequently happens that any additional sinking
would necessitate the erection of more powerful machinery, and
hence there is a greater tendency to drive levels than to sink
shafts. Statements relative to the entire disappearance of lodes
in depth must therefore be received with caution, since, had the
workings been continued, the vein would probably have again been
found and have again become productive. Comparatively few
mines have reached four hundred fathoms, but there is reason to
believe that true veins extend to depths to which the miner will
be unable to follow them.

According to Lieber, manylodes both in North and South Carolina
appear to contain gold near the surface, while lower down they
yield lead and copper ores with but little gold. The succession
from the top downwards is stated to be gold, lead, copper; but his
observations were not made in each case on the same lode, and the
conclusions at which he arrives are at variance with those of other
observers. Messrs. Shepard and Eights state that gold is present
in these veins at all depths that have as yet been reached, but is
easily recognizable in those parts only where the decomposition
of sulphides has resulted in the formation of gossan and the libera-
tion of gold. My own examination of the region in question
would lead me to agree with the last named observers.

Many of the lodes in Cornwall which in the shallower levels
yielded an abundance of copper ores, now at greater depths afford
large quantities of tin oxide; but whether copper ores again occur
still deeper is unknown. If it were established that changes in
the composition of lodes took place at approximately fixed depths
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from the original surface, the phenomena might be regarded as
due to the constantly increasing temperature and pressure resulting
from greater depth; but up to the present time we are without
any reliable data bearing upon this subject.

Influences of the Country Rock.—Every one who has written upon
the mining districts of Cornwall, has remarked that almost the
whole of the mineral weath of that county occurs within a distance
of some two or three miles on each side of the junction of granite
and clay slate or killas. According to W. J. Henwood, who care-
fully studied the subject, no part of this line appears, however,
to have been notably more productive than any other part of the
same extent within the distance mentioned.! And although lodes
not uncommonly run for many fathoms with granite on one side
and slate on the other, or with either of these rocks forming one
wall and elvan, quartz-porphyry, the opposite one; yet the portions
of the lodes thus contained between dissimilar rocks have not
generally been found to be the most productive. The metalliferous
contents of lodes appear also to be not only affected by the mineral
composition of the contiguous rocks, but in some degree also by
their position and mechanical structure.

Whether the rocks be granite, slate, or elvan, their hardest
portions are always quartzose, and in these the lodes are seldom
rich. In granite, a fine-grained rock, locally known as whetstone, is
always an unfavourable indication, while if that which is of a coarser
texture contains large white and sharply-defined crystals of felspar,
the indication is equally unfavourable.

If, on the contrary, the grain of the rock be neither very fine,
on the one hand, nor particularly coarse on the other, while the
enclosed crystals of felspar have a greenish, brownish, or pinkish
tint, with indistinct outlines merging into the ground-mass, quartz,
mica, and sometimes schorl being present, the character of the rock
is considered to be a favourable one, and lodes enclosed in it may
be expected to be fairly productive, especially of tin ore.

A hard, fine-grained quartzose elvan that contains schorl,
either diffused as a colouring matter only, or in groups of radiating
crystals, is not a favourable country rock, as the lodes in such elvans
frequently divide and split up into innumerable branches, which
reunite when they approach softer and more felspathic varieties
of the same rock. The varieties of elvan most favourable to riches
differ slightly as regards tin and copper ores. Lodes are sometimes
tolerably productive of the former, even when split into strings

¥ Trans. Roy. Geo. Soc. of Cornwall, vol. v. 1843, pp. 219 225,



PART 1.] TRUE VEINS. 63

and enclosed in a glassy quartzose elvan. In the case of copper
ores, on the contrary, unless the rock be soft, and to some extent
decomposed, the lodes dwindle and become unprofitable.

In the neighbourhood of the St. Just and St. Ives copper mines
the rock is a fine-grained hornblendic slate containing felspar. A
decomposed slaty rock of a pale greyish hue passing into a dull
white, and sometimes marked between the laminz with bluish
spots, accompanies the richer portions of the copper lodes in the
greater part of the Gwennap district. The same or very similar
rocks occur in the neighbourhood of St. Agnes, in some portions of
the St. Austell district, and in the neighbourhood of Callington. In
these tin ore is by no means abundant, although it is found in the
shallower parts of some of the lodes. Copper ores not only occur
in this rock, but have been plentiful in the same lodes after leaving
it and entering a dark-blue quartzose slate. In far the greater
number of instances, however, the riches dwindle or suddenly
disappear with this change of the country rock. In some parts
of the Gwennap district, a slate of a reddish colour is regarded as
being equally unfavourable to the yield of the lodes by which it
may be intersected.

In many of the most productive mines of Western and Central
Cornwall, and generally throughout the Tavistock district, copper
ores, chiefly occurring as copper pyrites, are found in a deep-blue
clay slate having a glassy or silky lustre, and opening in thick hori-
zontal joints which coincide with the planes of cleavage. Lodes in
this rock do not usually contain tin ore, and if the slate assumes a
deeper hue the copper ores are replaced by iron pyrites ; while if the
rock becomes quartzose, even the iron pyrites itself disappears.

Wherever tin ore is abundanut, the slate is of a tolerably uniform
character, being deep-blue in colour with occasionally a somewhat
greenish tinge, and a gloss or silkiness on the surface of the cleavage
planes. A diminution in the depth of colour, and a softening in the
texture of the rock, are considered unfavourable indications. The
lodes which afford lead ore occur in bluish or greyish slates, and
are generally situated at considerable distances from the granite.

With regard to the mechanical structure of rocks, it has been
observed that, when in granite, slate, or even in elvan, the joints
nearly parallel to the course of a lode fall towards it in descending,
it may be regarded as a favourable indication. On the other hand,
when such joints diverge from the lode as they go downwards, it
is generally considered to be an indication of poverty. Many joints
traversing a lode appear to exercise an unfavourable influence upon
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it, and a course of ore is sometimes cut completely off by a joint
running across the lode. In slates, whenever they become quartzose,
their cleavage planes are almost invariably much curved or contorted,
and the rock is more than ordinarily fissile ; such conditions are
generally considered unfavourable to the presence of large deposits
of ore. When, on the contrary, the planes of cleavage are not
distinctly curved, and the rock exhibits a thickly lamellar struc-
ture, the lodes passing through it may be expected to be fairly
productive. All these indications are, however, extremely local and
often confined within very narrow limits, since in the same rock there
is frequently an alteration of the lodes as soon as the character
of the surrounding country becomes slightly modified.

In the north of England, where the lead veins are situated in
regions of Carboniferous Limestone, a singular dependence is
observed between the contents of a vein and the nature of the
country rock. In Cumberland, the veins divide limestones, sand-
stones, and shales, and these are brought into various opposition
to one another by the displacements which accompany nearly
all the veins. A vein is sometimes productive of lead ore under
all circumstances of opposition in the enclosing rocks. When
limestone forms the walls, its productiveness is usually at the
maximum, and schist, and solid sandstones, likewise enclose
productive veins; but they are generally contracted in width and
impoverished in their contents whenever they are included between
walls of slate, and even when one wall only is occupied by that rock
the same effect is frequently observed.

In Derbyshire, the veins pass through the Mountain Limestone,
and often through its associated igneous rocks, as well as across the
various accumulations of shales and sandstones. The lead ore
generally, but not always, occurs in the limestone series and most
abundantly in the upper portions of it. The igneous rocks, foadstones,
are sometimes dense, hard traps, while at others, though originally
vesicular, the vesicles may be now filled by various infiltrated
minerals; they are generally regarded as unfavourable to the
production of the enclosed veins. The Derbyshire miners were
formerly of opinion that veins do not traverse these toadstones or
blackstones, as they arc sometimes locally termed, but it is now well
known that the true fissure veins, or rakes, pass through these
igneous rocks as well as through the limestones, but that where
they constitute the walls of the vein, lead ore is usually absent.

Among the limestones themselves, certain beds are considered
more favourable than others as walls to lead veins, and the presence
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of dolomite is always regarded as an unfavourable indication.
Although lead veins are frequently continued through certain
shales overlying the limestones, which sometimes contain a
considerable amount of carbonaceous matter, veins so enclosed
are seldom productive. Many of the smaller metalliferous veins
in the Derbyshire limestones are, in point of fact, merely joints
in the rock which have received a deposit of lead ore of sufficient
importance to induce the miner to follow them in his workings.
In Alston Moor, Teesdale, and Swaledale the upper thick limestone
is far the richest in lead ore.

In the district around Freiberg the lodes producing silver ores
are generally enclosed in gneiss. This rock, which is divided into
many different varieties, is traversed by dykes of porphyry and
greenstone, and passes into mica schists containing beds of limestone,
but v. Cotta states that the miners attach little importance to any of
these variations of the country rock. The gneiss of the Erzgebirge
may be divided into two principal varieties, namely, the common
grey gneiss, and the red gneiss, so called because its felspar has a
red colour. Both the grey and the red gneiss vary considerably
in composition and texture, and it sometimes becomes difficult to
determine whether a particular modification should be classified
with the grey gneiss or with the red. The typical red gneiss would
appear to present all the characteristics of an igneous rock, which
is never the case with the normal grey gneiss of the Freiberg
district. The grey gneiss contains from 64 to 67 per cent. of silica,
and is composed of orthoclase, a small proportion of oligoclase
with quartz, and much dark-coloured mica. The red gneiss contains
from 74 to 76 per cent. of silica, and consists of orthoclase, quartz,
and a little nearly colourless mica. According to v. Cotta and
Muller, throughout the Erzgebirge the grey gneiss appears to
exercise a more favourable influence on the metalliferous contents
of the lode than the red gneiss, which contains comparatively few
metalliferous veins.! It, however, appears that there are numerous
intermediate grades between the two extremes which cannot with
certainty be assigned to either variety. Miiller's generalizations
must consequently lose much of both their practical and scientific
importance.

At Kongsberg, in Norway, the mines are situated in gneiss and
crystalline schists, of which the district for a length of about a
hundred miles and a width of some fifty miles is chiefly composed.
Certain belts or zones of these crystalline rocks, known as faklbands,

1 B. v. Cotta and H. Miiller, “ Gangstudien,” vol. i. 1850, p. 209.
F
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are of considerable length and breadth, and are impregnated with
finely divided sulphides of iron, copper, and zinc, with sometimes
also those of lead, cobalt, and silver. The iron pyrites is often to
some extent decomposed, giving rise to the formation of hydrated
ferric oxide, which is locally regarded as an indication of the
presence of silver ores. In the Kongsberg district there are several
of these fahlbands, parallel in strike and inclination with the other
gneissoid and schistose rocks of which they form a member. These
fahlbands are themselves traversed by metalliferous veins containing
silver and other ores, which are never productive except where
they intersect a fahlband. In this instance it would appear that
the impregnation of the veins with metalliferous minerals is
directly dependent on the nature of the enclosing rock, rendering
it probable that the metalliferous minerals were originally derived
from the fahlbands, from which their removal and subsequent
concentration in lodes have been effected by chemical agencies.

The foregoing and many similar examples of the influences
exercised by country rocks upon the lodes passing through them
have been long known asisolated facts, but the recent investigations
of Sandberger and others have thrown much additional light upon
the subject, and have invested it with a significance which it did
not previously possess. The results of these investigations will be
stated, and their bearing upon the productiveness of lodes discussed,
when we consider the various theories which have been advanced
to account for the formation of metalliferous veins.

Paleontology of Mineral Veins—Mr. Charles Moore, who paid
much attention to this subject, found that many of the clays or
flucans associated with the lead lodes in Carboniferous Limestone
enclose numerous fossils of Carboniferous, Permian, Rheetic, and
Liassic age. He, moreover, entertained the opinion that veins of
this class are of purely marine origin, and that the various organisms
which they contain were deposited in open fissures existing in the
sea bottoms of the several periods to which the fossils severally
belong.! .

It would appear however far more reasonable to suppose that,
in the majority of cases, the various organisms which have from
time to time been discovered in veins had already become fossilized
when they were transported by the agency of water from higher
ground into the various fissures of the limestone. The investiga-
tions of Mr. Moore comprehended the cxamination of materials
derived from veins and vein fissures in the Carboniferous Lime-

Y Report of the British Association for the Ad ent of Science for 1869, p. 360.
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stones of Wharfedale, Wensleydale, Weardale, Teesdale, Swaledale,
Alston Moor, Keswick, North and South Wales, and parts of
Somersetshire.

In the Carboniferous Limestone districts of Holwell and Frome,
Rheetic and Liassic organisms form a large proportion of the
fossils present in the veins, and the same is the case throughout
the Mendip range and in South Wales." In North Wales and in
the north of England, on the contrary, Carboniferous remains are
most frequent, while those of later age are exceptions, some of
these being Entomostraca of Permian species. According to Mr.
Moore, fossil remains are of more frequent occurrence in veins
traversing the Carboniferous Limestones of the Mendip Hills than
they are in those of any other locality which he examined; but,
with one exception, he never failed to find fossils wherever he
sought for them in veins enclosed in limestones belonging to this
formation.

Age of Mineral Veins—True veins or lodes must in all cases
necessarily be of more recent origin than the rocks in which they are
enclosed, and when one vein crosses another it evidently must have
been formed subsequently to the vein so intersected. In this way
the relative ages of different veins occurring in a given district may
often be determined without much difficulty, but to assign the
formation of any vein or group of veins to a definite period of
geological time is frequently more difficult. Sometimes also it is
not easy to determine whether or not lodes are older than certain
neighbouring rocks which have not been intersected by them.
When, however, a vein does not traverse the stratum immediately
above it, or is cut off in direction by a band of rock which it
nowhere penetrates ; or, again, if a given rock contains fragments
of a neighbouring vein, it becomes evident that the vein may in
each case be regarded as being older than the rock.

In this way it can often be shown that a vein must be older
than certain formations in its neighbourhood, although it will
generally be more difficult to determine how much older the vein
may be than the evidently more recent rock. Such a deter-
mination can only be accomplished when the filling of a vein
fissure may be referred to a period which elapsed between the
formation of the rock which it traverses and that of a later deposit
of well ascertained age, following closely in geological succession.
Metalliferous veins are, as a rule, of more frequent occurrence in
the older rocks than in the more recent ones, and from this
circumstance it might possibly be inferred that the formation

F 2
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of lodes is a process which has gradually decreased in activity with
the progress of time. It, however, appears far more probable that
the formation of lodes has taken place at all periods of the world's
history, and that, as a consequence, they are more frequently enclosed
in the older rocks than in the newer ones; which, from being of less
age, have been subjected during a less extended period to vein-
producing influences. The following may be quoted as examples
of mineral veins of comparatively recent date. In the department
of Aveyron, jn France, lodes of argentiferous galena associated with
ores of copper traverse the Lias. In Algieria, lodes of the same
c'ass are enclosed in rocks belonging to the Cretaceous period. In
California, a proportion of the auriferous veins are included in
rocks of Jurassic age, while the auriferous quartz veins of
Vorospatak, in Transylvania, traverse Tertiary sandstones.

Further evidence that quartz veins are sometimes of very
recent origin is afforded by the fact that in the vicinity of
Volcano, in Amador County, California, a distinctly marked quartz
vein is observed to cut through beds of sand and gravel, and
presents unmistakable evidence of having been formed subse-
quently to their deposition, by the action of water holding silica in
solution. This vein is chiefly composed of chalcedony and agate,
but portions of it are more or less stained by a ferruginous deposit.
This is by no means a solitary case, many other localities having
been noticed where quartz veins, almost identical in their general
features with those met with in the auriferous slates, must have
been formed during the most recent geological epochs.!

From certain phenomena which have been observed in Cali-
fornia, it would appear probable that in various localities lodes and
other metalliferous deposits may, even at the present time, be in
active progress of formation.

One of the largest deposits of sulphur in California occurs
in Lake County, a mile beyond the ridge which bounds Borax
Lake on its north-eastern side, and is many acres in extent.
This “Sulphur Bank ” is composed of a much decomposed volcanic
rock, traversed by numerous fissures, from which gases, steam, and
water, either in the form of spray or of vapour, constantly issve;
and throughout the entire mass sulphur has been deposited in such
large quantities that, at a short distance, the whole appears to con-
sist of that substance. In the immediate neighbourhood of this
solfatara are springs which give off carbonic acid, and of which

Y Qeological Survey of California, vol. i. 1865, p. 276.
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the waters contain carbonates of sodium and ammonium, chloride of
sodium, borax, &c.

The sulphur from this locality contains a small amount of
mercury in the form of cinnabar, and the sides of the fissures in
the volcanic rocks through which the gases and water make their
escape are sometimes coated with gelatinous silica, beneath which
is a layer of chalcedony resting upon a stratum of crystalline
quartz. This siliceous deposit contains pyrites and a notable per-
centage of cinnabar, or is stained by a tarry hydrocarbon ; while
the crystals of quartz enclose liquid cavities in which the usual
bubbles are distinctly visible.

In the year 1866 I visited Borax Lake and the neighbouring
Sulphur Bank in company with Mr. R. Oxland, who was the first to
call attention to the presence of cinnabar in the sulphur from this
locality ; and in 1868 I published a paper calling attention to the
probability of certain mineral deposits having been the result of
hydrothermal or solfataric action.!

For some years this solfatara was worked as a source of
sulphur only ; but during these operations so large an amount of
cinnabar was discovered, both in the decomposed basaltic rock and
in the sedimentary strata beneath it, as ultimately to lead to the
opening up of the Sulphur Bank as a mercury mine. This has
yielded large quantities of quicksilver, and affords a striking and
instructive example of a recently formed mineral deposit resulting
from agencies apparently still in operation.

Many years ago, silver was found in the sinter-like deposit from
a hot spring in the county of Colusa; and, previous to 1865, Pro-
fessor Whitney had been shown at Clear Lake some peculiar and
interesting specimens of water-worn cinnabar enclosing specks of
gold, said to have been found near Sulphur Springs in the same
county.?

These, from being water-worn, and from not having been found
in situ, necessarily lost a certain portion of the interest which
would have otherwise been attached to them. Mr. Melville
Attwood, of Saucelito, has however furnished me with a specimen
of cinnabar from Colusa County, which, after having been formed
upon one of the surfaces of a fissure, had subsequently become
covered by a brilliant deposit of metallic gold.

Steamboat Springs, in the State of Nevada, are situated near

1 “Notes on the Chemical Geology of the Gold-fields of California,” Phil. Mag.,
vol. xxxvi. 1868, p. 321.
* Geological Survey of California, vol. i. 1863, p. 92.
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the base of a volcanic hill seven miles, in a direct line, north-west
of Virginia City and of the famous silver mines on the Great
Comstock Lode. The rock at this place is traversed by several
parallel fissures, which either give issue to heated waters or
simply .throw off clouds of steam. The most active group of
these crevices comprehends five parallel longitudinal openings
extending, nearly in a straight line, for a distance of about a
thousand yards; their general direction is nearly north-east and
south-west, and all of them are included within a zone two hundred
yards in width. They are sometimes filled with boiling water
which overflows in the form of a rivulet, while at other times
violent ebullition is heard to be taking place at a short distance
below the surface.

These fissures are lined with a siliceous incrustation, which is
being constantly deposited, while a central longitudinal opening
allows of the escape of gases, steam, and boiling water. The
water is slightly alkaline, and contains carbonate of sodium, sul-
phate of sodium, common salt, &c. Carbonic acid escapes nearly
along the whole line, while sulphuretted hydrogen is evolved and
a small quantity of sulphur deposited at certain points. The
fissures, which appear to have been subjected to a series of
repeated widenings, such as would result from an unequal move-
ment of their walls, are lined, sometimes to a thickness of several
feet, by incrustations of silica of various degrees of hydration,
containing hydrated ferric oxide and, exceptionally, crystals of
iron pyrites. This silica exhibits the ribbon-like structure so fre-
quently observed in mineral veins, and, when examined under
the microscope, is seen to consist of alternately amorphous and
crystalline bands, enclosing druses lined with minute ecrystals
of quartz.

At a distance of nearly a mile, in a westerly direction, from
the locality above described is an older group of fissures in every
respect similar to those of Steamboat Springs, except that they
are no longer traversed by hot water, although still at various points
giving off a little steam and carbonic acid. Towards the southern
extremity of the principal fissure of this group the siliceous
deposit extends considerably beyond the edges of the cleft, and
has accumulated to a distance of many yards on each side of the
opening. The silica of this deposit is sometimes chalcedonic and
contains nodules of byalite; the larger proportion of it, however,
although somewhat friable, is distinctly crystalline. The crystals con-
tain numerous liquid cavities, and exhibit the usual optical and other
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characteristics of ordinary quartz. Besides oxides of iron and
manganese, this quartz contains small quantities of iron and
copper pyrites; and in a paper on the Gold Regions of California,
published in 1863, M. Laur states that he had found it to contain
distinct traces of gold. With regard to these deposits, this
gentleman remarks that, so far as auriferous quartz veins are
concerned, Steamboat Springs appesr to place before us a
sort of practical verification of the theory which regards a
certain class of metalliferous deposits as being produced by
mineral waters in the fissures through which they circulate.!

For a long time local attention does not appear to have been
directed to the Steamboat Valley ; but in the year 1878 cne of the
older fissures was opened by a tunnel to a depth of fifty feet from the
surface, and the veinstone was there found so impregnated with
cinnabar as to yield a mercurial ore of some commercial value,
At this depth the temperature was not sufficiently high to cause
inconvenience to the workmen, and five samples of the ore which
were subjected to assay gave an average yield of 2:90 per cent. of
mercury. Steamboat Springs thus afford another example of the re-
cent formation of a metalliferous deposit by the agency of heated
waters,

In continuation of this subject it may be mentioned that a deposit
of bright-red cinnabar in a brecciated vein mass occurs near the hot
springs at Calistoga, at the foct of Mount St. Helena. Here frag-
ments of an amorphous siliceous rock are cemented together by
crystallized quartz showing distinct lines of accretion, throughout
which minute granules of sulphide of mercury are plentifully dis-
seminated.

The Great Comstock Lode is situated in a volcanic district seven
miles south-east of Steamboat Springs, has a nearly similar orient-
ation, and is enclosed between walls either of diabase, or of diorite
on one side and diabase on the other. This vein, of which the
gangue is chiefly siliceous, although calcite is also sometimes
present, was first attacked by the miner in the year 1859, and
since that time has yielded fabulous amounts of silver and gold.

The temperature of the waters issuing from mines worked upon
the Comstock Lode has always been high, but it was not until they
had attained a considerable depth below the surface that the
workmen first became inconvenienced by extraordinary heat. At
their present greatest depth (above 3,000 feet) water issues from the
rock at a temperature of 157° Fahr. (70° C.); and, according to

1 Annales des Mines, vol. iii. 1863, p. 423.
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Mr. John A. Church, who has published valuable observations on the
heat of the Comstock Mines, at least 4,200,000 tons of water are
annually pumped from the workings at a minimum temperature of
135° Fahr! He also estimates that to elevate such a large volume
of water from the mean temperature of the atmosphere to that
which it attains in the mines, would require 47,700 tons of coal
In addition to this, however, 7,859 tons of coal would, he calcu-
lates, be required to supply the heat absorbed by the air which
passes along the various shafts and galleries through which it is
diverted for the purposes of ventilation. It follows, therefore, that
to develop the total amount of heat necessary to raise the water
and air circulating in these mines from the mean temperature
of the atmosphere to that which they respectively attain, 55,560
tons of coal, or 97,700 cords of firewood, would be annually
required.

Mr. Church, in his paper, quotes four different analyses of
waters from the Comstock Lode taken at different depths. These,
as might have been anticipated, vary somewhat as to the relative
proportions of the various substances present; but they contain on
an average 4262 grains of solid matter to the gallon. Of this

- amount, 2074 grains are sulphate of calcium, 1213 grains carbonate
of potassium, 485 grains carbonate of sodium, and ‘66 grain of
chloride of sodium. In order to ascertain, approximately, to what
extent the production of the large amount of heat absorbed by the
water may be ascribed to oxidation of sulphur and iron, Mr. Church
first calculates the quantity which would be developed by the
oxidation of pyrites equivalent to the calcic sulphate in solution.
Having found that this amounts to only yiy part of that
required, he subsequently seeks another solution for the difficulty,
and, without bringing forward any calculations in support of the
hypothesis, attributes this enormous development of heat to the
kaolinization of felspar in the adjacent rocks.

This view, however new and ingenious, is unfortunately purely
speculative, and in the present state of our knowledge geologists,
generally, will regard this phenomenon as a last trace of volcanic
activity. Mr. Church adduces the high temperature of the waters
of Steamboat Springs as a proof that the rocks of this region are
capable, by the kaolinization of felspar, of producing sufficient
heat to raise large quantities of water to the boiling-point; but

1 “The Heat of the Comstock Mines,” Trans. Amer. Institute of Mining Engincere,
vol. vii. 1879, p. 45. ““The Lomstock Lode ; its Formation and History,” New York,
1879. p. 189.
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these springs give rise to an evolution of sulphuretted hydrogen,
and, occasionally, to a deposition of sulphur, which cannot be results
of the decomposition of felspar. It is probable that the Comstock
Lode and the hot springs in the Steamboat Valley have had a
somewhat similar origin, but, in the case of the former, volcanic
agencies are no longer so actively in operation, while both sulphur
and sinter, if originally present, have been removed by denudation.
There can be no doubt that fissures and cavities have some-
times been filled by infiltration from the enclosing rocks, as well as
by the percolation from the surface. The operation of these
agencies is perhaps, in most instances, extremely slow, although
according to R. Brough Smyth, even gold, under certain conditions,
may be depositedin appreciable quantities within comparativelyshort
periods. This author states that, in the gold-fields of Victoria,
pieces of highly mineralized fossil wood, taken from the deeper
workings, as well as timber used for supporting galleries, which
had remained in the mine for some years, have exhibited, under
the microscope, particles of gold adhering to and intermixed with
crystals of iron pyrites, all through the central parts of the wood.!
This is confirmed by Mr. Ulrich, who says that in the gold-drifts
pyrites is often found incrusting or replacing roots and driftwood,
and that samples, assayed by Messrs. Daintree, Latta, and New-
berry, have yielded amounts of gold varying from a few penny-
weights to several ounces per ton. According to Mr. H. A.
Thompson, a specimen of pyrites from the centre of an old
tree-trunk gave by assay above 30 oz. of gold per ton.?

G'snesis or Mingrar Veins—The origin of metalliferous veins is
a subject which has long occupied the attention of geologists, and
various theories have, at different times, been framed with the
object of explaining the causes which have led to their formation.

Little is said upon this subject by Greek and Latin authors when
referring to mines and minerals. Diodorus Siculus, however, who
lived and wrote during the first years of the Christian era, states
that the mountains of Spain are traversed by metalliferous veins.

Pliny, whose death is supposed to have taken place A.D. 79, tells
us in the thirty-third Book of his Natural History that gold is
found in mountainous districts, and that veins producing it traverse
the rocks in different directions, and often appear in the walls or
sides of wells. He further informs us that if a lead vein be

1 “The Gold-fields and Mineral Districts of Victoria,” Melbourne, 1869, 1'7 74.
2 Alfred R. C. Selwyn and George H. F. Ulrich, *“Notes on the Physical
Geography, Geology, and Mincralogy of Victoria,” Melbourne, 1866, p. 56.
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allowed to remain for some time unworked, air being at the same
time freely admitted into the mine, a fresh growth of lead ore will
take place and the lode will become even richer than before.

Werner, in his New Theory of the Origin of Veins, has given
a concise history of the older views on this subject, of which a brief
summary may not be without interest.!

Georgius Agricola, whose real name was Bauer, and who was
born in 1494 at Glauchau in the Saxon Erzgebirge, treats of the
position and crossing of lodes in the twenty-fourth chapter of
his Bermannus, and at still greater length in his great work De Re
Metallica (1556). In the third chapter of the third book of his work
De Ortu et Causis Subterrancorum (1546), Agricola treats of the for-
mation of veins. He supposes the fissures in which they are found
to have been formed partly at the same time as the enclosing rocks,
and partly afterwards by the waters which penetrated into them.
With respect to the clays and stones constituting portions of met-
alliferous veins, he ccnceives the former to have resulted from the
abrasion of neighbouring rocks, and to have been carried into the
vein fissures by water ; the latter -he regards as resulting from the
clayey or earthy matters which have become hardened partly by
the effects of heat and cold, and partly by a “lapidific juice.”
Minerals and metals he regards as being deposited from solution in
water, and he considers the then prevalent belief that lodes are of
the same age as the globe itself “an opinion of the vulgar.”

Rossler, who died in 1673, also regarded veins as fissures
previously existing in the rock and subsequently filled with
minerals.?

Becher (1669) ascribes the formation of metals and minerals to
subterranean vapours penetrating the veins and producing a peculiar
change in their earthy and stony constituents3

Henckel (1725) attributes the formation of the contents of
veins to a peculiar exhalation produced and engendered by a
“ fermentation ” supposed to take place in the interior of rocks.*

Hoffman (1738) supposes lodes to have been formed in the
fissures of rocks, but speaks of this as being an hypothesis only.®

! A. G. Werner, “Neue Theorie von der Entstehung der Ginge,” Freiberg, 1791.
An English translation of this book by Charles Anderson, M.D., was published at
Edinburgh in 1809.

* B. Rossler, “Speculum metallurgie politissimum, oder hellpolierter Berz-
bauspiegel,” Dresden, 1700.

3 J. J. Becher, “ Physica Subterranea,” Frankfurt, 1669.

¢ J. F. Henckel, * Pyritologia oder Kieshistorie,” Leipzig, 1725. An English
translation of this work was published in London in 1757.

5 J. G. Hoffman, “ De Matricibus Metallorum,"” Leipzig, 1738.
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Zimmerman (1746) considers veins and the minerals of which
they are composed, to have been produced by a transformation
of the substance of the enclosing rocks; this alteration
being assisted by certain saline substances which prepare
and render the earthy matters capable of being changed into
metalliferous minerals and their accompanying veinstones.!

Von Oppel (1749), formerly Captain-General of the mines of
Saxony, admits without reservation that veins were formerly fissures
in the rock which were afterwards filled with mineral substances
of a different nature from the surrounding rock.?

Lehmann (1753) is of opinion that veins are fissures which have
been filled by nature with stones, minerals, metals, and clay, and
that they appear to be the branches and shoots of an immense trunk
placed at a prodigious depth in the bowels of the earth. From this
central workshop where nature carries on the manufacture of the
metals, the metalliferous constituents of lodes have issued in the
form of “ vapours and exhalations.” 3

Delius (1770) considers vein fissures to be rents, which have
been since filled up, caused by the drying of the rocks. He is,
moreover, of opinion that rain, having penetrated the substance of
the country rocks, has dissolved or suspended, and afterwards carried
into the rents, the different materials which have served as a base
for the formation of the gangue and various associated ores.*

Baumer (1779) states that veins differ both in form and substance
from the strata in which they occur. Their formation he considers
to be posterior to that of the rock traversed by them, and they ap-
pear to have been formed under the sea, as they are often covered
by beds of schist, and marine animals are sometimes found in them
in a fossil state.’

Gerhard (1781) believes vein fissures to have been produced at
very different periods of time, and is disposed to think that “sub-
terraneous fermentations” may have contributed to their formation.
He supposes further that water penetrating the country rock dis-
solves certain substances, and afterwards passing into vein fissures,
there deposits the minerals which it previously held in solution.
These minerals, he is of opinion, existed originally in the adjacent
rocks, and have been carried in a state of aqueous solution into the

1 C. F. Zimmerman, * Ober-Siichsische Bergakademie,” Dresden, 1746.
? v. Oppel, “ Anleitung zur Markscheidekunst,” Dresden, 1749.
3J.G. E.ehmann, ‘“ Abhandlung von den Metallmiittern,” Berlin, 1758.
¢ C. T. Delius, *“Abhandlung von den Urspriinge der Gebirge,” Leipzig, 1770.
e ;J. G. Baumer, ‘‘Fundamenta Geographiz et Hydrographie subteiranewm,
otha, 1779.
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fissures, where they are now found in the form of metalliferous
veins,?

Von Trebra (1785) does not appear to have possessed any very
definite ideas on the subject of metalliferous veins, but ascribes their
origin mainly to the action of “putrefaction and fermentation.”
He appears to regard the two terms as synonymous, and subsequent-
ly defines the latter as “the quality which, acting by insensible
degrees, produces the most perfect transformation in the bowels of
the earth.” 2

Lasius (1789) considers veins to have been formed in rents pro-
duced by revolutions of nature, and these he believes to have been
afterwards filled with water containing carbonic acid, which thus
acquired the property of dissolving various earthy and metallic
matters contained in the rocks through which they percolated.
These substances were afterwards precipated by certain other bodies
in the fissures in which they are now found. He, however, is not
clear as to whether the metallic particles were already present in
the substance of the rock, or were formed in them by the action of
water upon minute “ metallic seeds.” 3

Werner (1791), in his work on the formation of veins, propounds
at considerable length his views upon this subject, and of these the
following may be regarded as being a brief abstract. All true veins
were originally open rents, which were afterwards filled with
mineral matter from above.

Rents or fissures may have been produced by various causes.
Mountains have been formed by a successive accumulation
of different beds upon one another ; the resulting mass was at first
wet and possessed little solidity or coherence, so that when the
accumulation had attained a certain height it yielded to its weight,
sank, and cracked. In proportion as the waters which had pre-
viously assisted to support such an accumulation had partially retired,
the masses, losing their previous support, yielded to the action of
gravitation, and portions of the mountain thus became detached,
falling to the ‘“free side,” where the least resistance was opposed.
The cracking of a mountain mass by desiccation, by earthquakes,
or by other similar causes, may also have contributed to the for-
mation of rents of this character.

The same precipitation which in the humid way formed the
strata and beds of the rock, also furnished the substance of mineral

1 C. A. Gerhard, “ Geschichte des Mineral-Reichs,” Berlin, 1781.
3 F, W. H. v. Trebra, ¢ Erfahrungen von Innern der Gebirge,” Dessan. 1785,
3 G. 0. 8. Lasius, ‘ Beobachtungen uber die Harzgebirge,” Hanover, 1789,
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veins. This took place during the period the solution from which
the precipitate was deposited, covered the already existing fissures
the upper portions of which were, as yet, open, and wholly or in
part empty.

The various theories which have at different times been brought
forward to account for the formation of metalliferous veins, admit
of being classified as follows :—

1. Theory of Contemporaneous Formation.

2 » Igneous Injection.

3. ” Electric Currents.

4, » Aqueous Deposition from above.
5 ’ Sublimation.

6 ” Lateral Secretion.

7 " Ascension.

1. Theory of Contemporaneous Furmation.—This theory supposes
that mineral veins originated contemporaneously with the enclosing
rock, and they are regarded as mere accidental phenomena governed
by no fixed laws of formation. This hypothesis is at variance with
all known facts relating to the subject, and may consequently be
dismissed without further consideration.

2. Theory of Igneous Injection.—According to this theory, which
is generally adopted with regard to dykes of igneous rocks, the
constituents of metalliferous veins, under the influence of intense
heat and pressure, and when in a more or less fluid state, have been
ejected from below into cracks and fissures in the superincumbent
strata. Examples of the occurrence of metalliferous matter dissem-
inated through eruptive rocks are by no means uncommon, but this
theory entirely fails to account for many of the commonest and most
characteristic phenomena which are observed in connection with
mineral veins. The comby structure of lodes, and the changes which
occur in their character when they pass from one series of rocks
into another, are not only quite incapable of explanation by this
theory; but, moreover, had veins been generally thus formed, a
tendency would probably have been manifested by the heavier ores
and metals to arrange themselvesin the lowest portions of the lodes
in which they occur.

The veins of Lake Superior, which annually yield such large
quantities of native copper, have been cited as affording examples
.of veins produced by igneous ejection ; but metallic copper is there
found associated with chemically pure silver, whereas, had the veins



78 ORE DEPOSITS. [paRT 1.

been the result of igneous fusion, an alloy of the two metals would
certainly have been formed.! In the same region crystals of chemi-
cally pure silver deposited on the surface of masses of native copper
are by no means of unfrequent occurrence. In these lodes, moreover,
native copper is found enclosed in crystals of calcite and in other
minerals, where it must evidently have been deposited, with the
other constituents of the crystalline mass, from aqueous solution.

There is, however, distinct evidence that many igneous rocks
contain, disseminated through them, minute quantities of various
compounds of the heavy metals, and that in some cases these have
been dissolved out and the metals again thrown down in such a way
as to form valuable metalliferous deposits. The so-called mullock
reins of Australia and elsewhere are examples of eruptive dykes
which, having become decomposed, the originally disseminated gold
and silver have, with quartz and other minerals, been deposited in
the joints and fissures of the rock.

Although unaltered dykes of this kind are not often sufficiently
rich to be classed with metalliferous deposits, it is by no means im-
probable that richer intrusions may exceptionally occur, and that
some of the so-called eruptive lodes at Schemnitz and other
localities may directly owe their origin to eruptive agencies.

3. Theory of Electric Currents—Mr. R. W. Fox after having
ascertained the existence of electric currents in many of the metal-
liferous veins of Cornwall, suggested the probability of this force
having acted on various metallic chlorides and sulphides dissolved
in the waters traversing vein fissures, in such a way as to deter-
mine the mode of the distribution of the ores therein. He also
endeavoured to account for the prevalence of an easterly and
westerly direction in the principal lodes of Cornwall by their
position in relation to the earth’s magnetism.

Weighty objections to this theory have, however, been pointed
out by W. J. Henwood and others, and observed facts appear
to indicate that the general direction of veins differs so entirely
in different mining districts that their course probably depends
rather on lines of fracture, produced by plutonic, volcanic, or other
agencies, than on the action of electric currents. Professor Reich,
who repeated the experiments of Fox, also obtained a deflection of
the magnetic needle when he connected two portions of the same
lode by means of conducting wires. He, however, very clearly
explains this as the effect of the contact of various ores composing

1 J. 8. Newberry, ¢ The Origin and Classification of Ore Deposits,” School of
Mines Quarterly, March, 1880, New York.
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isolated bunches, separated by sterile veinstone which acts as a moist
conductor. By connecting points free from ore, Reich was unable
to obtain the slightest deviation of the needle, and, although the
chemical changes which are continually taking place in exposed
masses of ore give rise to electric currents, it by no means
follows that the original distribution of the same ore was due to
the agency of electricity.

4. Theory of Aqueous Deposition from above.—This was first
advanced by Werner, who supposes the contents of mineral veins
to have been deposited from metalliferous solutions which flowed
from above into the fissures. If, however, fluids containing metal-
liferous substances at any period actually covered the surface,
there would appear to be no reason why they should have deposited
their contents in fissures rather than elsewhere. Besides which,
if the deposition of vein matter took place in the way supposed,
we might expect to find at least some portion of the veinstone
stratified horizontally, which in true veins is never seen to be the
case. Many conclusive reasons against the ideas promulgated
by Werner might, if necessary, be brought forward, but his views
with regard to the origin of veins have long ceased to carry the
weight once attached to them, and are now very generally
abandoned.

Mr. Wallace, in his work on The Laws which Regulate the
Deposition of Lead Ore in Veins! which laws, although having
special reference to the Alston Moor district, are advanced by him
as explaining ore deposits in veins generally, appears to adopt to
some extent the views of Werner with certain additions and modi-
fications. He states that all the lead veins of that part of England
are most productive where furthest removed from seats of plutonic
action, the richest deposits being in the upper part of the Car-
boniferous Limestone where no igneous rocks are found, and that
there is nothing in that district to support the theory that lead ore
is due either to exhalations from below or to matter injected in a
fluid state among the consolidated sedimentary rocks. On the
contrary, he thinks a more probable cause of the deposits of lead ore
in Alston Moor may be traced to segregations resulting frem
the decomposition of the wall rocks of the veins in which lead
ore is found.

In adopting the doctrine of segregation, he proposes to combine
it with another cause without which there would, he believes, be

1 W. Wallace, “ The Laws which Regulate the Deposition of Lead Ore im Veins ;
Illustrated by the Mining Districts of Alston Mo.r,” London, 1861.
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no important deposit of minerals, namely, that of recent atmos-
pheric agencies. Without the passage of large bodies of water,
derived from the rainfall of the district, from the surface down-
wards, and their free circulation in the veins, he maintains that
the conditions would not be favourable to the deposit of minerals.
He states also that in all cases such deposits are found only where
fluids percolate freely from the snrface and circulate through the
veins, and that such conditions only occur in strata situated at
moderate depths, and at a considerable distance from the surface
watershed. He believes these agents, combined with electrical
action, to have been the meauns of extracting the minerals from the
neighbouring rocks, that this operation is still in progress,and that
the filling of vein fissures has been entirely accomplished since
the Glacial period.

The theory of aqueous deposition from above has still more
recently been advocated by Professor Stewart of Nevada, but
Mr. J. S. Newberry who has devoted a long time to the study of
the ore deposits of the Western States of America, considers that
this theory is not only not sustained, but, on the contrary,
is disproved, by the statements brought forward.

5. Theory of Sublimation.—According to the theory of sub-
limation, vein fissures were filled by the volatilization of metal-
liferous minerals derived from the ignited interior of the globe.
Durocher! considers the unequal distribution of the ores in all
lodes as strongly confirmatory of the hypothesis of their formation
by this agency. He believes that ores can only have been so
distributed by the action of currents of dissimilar gases or vapours
circulating through the fissures in the veinstone. Of these he
distinguishes two kinds, namely, metallic vapours, émanations
motrices, and vapours of sulphur and other mineralizers, which he
designates émanations fixatrices. These, when they circulate
through different fissures without meeting, or through the same
fissures at different periods, produce no result, but, when they meet
together, give rise to various metalliferous deposits. Numerous
experimenters have shown the possibility of producing by such
means many of the ores which occur in metalliferous veins and
deposits of magnetite and specular iron ore produced by the
decomposition of chlorides of iron by watery vapour in the fissures
of volcanic rocks, afford well-known examples of the natural
production of minerals by reactions of this class.

Plattner long ago observed the formation, by sublimation, of

1 Comptes rendus de I Académie des Scicnees, vol. xxviii. 1849, p. 607,
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magnetite and galena in the Freiberg furnaces, and Daubrée"l%&s
succeeded by the aid of chlorine, fluorine, &c., in producing by
sublimation tin oxide and oxide of titanium. Similar results
were obtained by Durocher, who passed metallic vapours, &c., through
heated glass tubes, and thus caused the formation of blende,
pyrites, galena, and other various metallic sulphides.? Evidence in
favour of the theory of sublimation has, by some geologists, been
supposed to be furnished by the position of metalliferous particles
found on the under sides of crystals lining the walls of certain
lodes, as at Nagfag, in Transylvania, where metallic arsenic has
been deposited on the lower faces only of crystals of diallogite.

Such phenomena are, however, of comparatively rare occur-
rence, and will in no way account for the existence of the
earthy minerals which constitute the larger proportion of the
filling of nearly all large veins. It is impossible also to account
by this means, either for the variations which take place in the
character of lodes on passing from one rock into another, or for
many of the complicated phenomena exhibited by veins at their
intersections with one another.

In the case of some irregular deposits where large masses have
become impregnated by a metalliferous mineral, as especially
exemplified in certain mercury mines, it is perhaps not improbable
that the diffusion of the ore may have been partially effected by
sublimmation. The deposition of cinnabar, iron pyrites, and even
gold, from the mingled steam and water of some of the geysers of
California would indicate the possibility of such impregnations
taking place, but, in the present state of our knowledge of the
subject, it would appear improbable that the silica which usually
forms so large a proportion of veinstones, and frequently occurs
in combs of interlocking crystals, should have been deposited
otherwise than from aqueous solution. It is therefore probable
that, although sublimation may sometimes have contributed to the
impregnation of rocks by cinnabar and other minerals, its action
must have been of secondary importance in the formation of
regular metalliferous veins.

6. Theory of Lateral Secretion.—This theory teaches that water
percolating through the country rock has, by the aid of carbonic acid
and other natural solvents, disselved out of it all the materials
now forming the constituents of mineral veins. Delius, Gerhard,
and Lasius held that this explanation was that most in accordance

3 Comp. rend., vol. xxix. 1849, p. 227.
3 Comp. rend., vol. xxxii. 1851, p. 823 ; vol. xlii. 1856, p. 850.
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with observed facts, and more recently Bischof endeavoured to
found this hypothesis upon more scientific grounds. He, however,
appears to have failed to seek for the constituents of the different
ores, found in veins, in the surrounding rocks, but suggests
the possibility of their being found there if sought for, at the
same time remarking that the  proof of this was nevertheless
wanting. 4

About the year 1873, Professor Sandberger, of the University
of Wiirzburg, began to direct his attention to a chemical examina-
tion of the relations existing between the mineralogical contents
of mineral veins and the nature of the rocks which they traverse.
Although some of the more common heavy metals had previously
been discovered in various ecrystalline and other rocks, this
was the first systematic attempt to study the effects produced
upon veins by the country rock through which they pass. For
the purpose of this investigation the north-eastern portion of
the Black Forest in the neighbourhood of Schapbach, Wittichen-
Reinerzau, and Wolfach, was selected, this being a district with
which the Professor had been long and intimately acquainted.
The lodes in this region, although situated at short distances
only from one another, exhibit very remarkable differences, which
are most strongly marked on their passing from one description
of rock into another; the same change, although in a less
degree, however, is also noticeable on the passage of a lode
from one variety of gneiss into another somewhat differing from
it in character.

Quantitative analyses were carefully made of ores, vain-
stones, and country rocks, the latter being subjected to general
analysis. These investigations resulted in the derivation of the
veinstones from the country rock being clearly established, but
the origin of the associated metalliferous minerals still remained
without explanation. As, however, it became more and more
evident that substances so constantly associated as ores and
veinstones must have had a common origin, a new method of
investigation was finally adopted. Instead of operating upon a
large quantity of rock, and making a general analysis of it, as
had been done by Forchhammer, the crystallized constituent
silicates, such as olivine, augite, hornblende, and mica, were
carefully isolated and subjected to analysis, the quantity treated
in each case being not less than ten grammes. In this way,
with the exception of tellurium, gold, and mercury, which from
want of the necessary appliances were not sought for, all the
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elements usually occurring in metalliferous veins were found in
appreciable quantities.

The cause of the differences which occur in the contents of
veins, which although near one another traverse different rocks,
was also explained to the satisfaction of the investigator, who
subsequently satisfied himself that the heavy metals occur in the
silicates of crystalline rocks of every geological age.!

Sandberger has since extended his investigations over very
considerable areas, and has thus been enabled to arrive at certain
general and very important conclusions. In the case of olivine,
augite, hornblende, or mica, from ten to twenty grammes will
be found a sufficient amount for quantitative analysis. In olivine,
iron, nickel, copper, and cobalt were constantly recognized, but
the latter metal in very small quantities. The same may
be said with regard to augites, especially those of the gabbros,
diabases, melaphyres, augite-porphyries, .augite-andesites, and
basalts.  Copper, cobalt, and iron occur in the augite of these
rocks in notable quantities, and nickel, lead, tin, and zinc are also
frequently present. Antimony and arsenic have hitherto been
detected in certain localities only, but when present these metals
are generally found in considerable quantity, as, for example, in
the diabases of St. Andreasberg in the Harz, in which antimony is
associated with lead. Hornblende from the older hornblendic rocks
constantly contains copper, arsenic, and cobalt, and along with
these very distinct indications of nickel. Hornblende from the
more recent rocks contains the same metals, but in addition to
them lead, antimony, and tin, with occasionally zinc and bismuth.

The largest number of bitherto undetected heavy wmetals is
however, found in micas, the researches on this group having been
carried so far that they may now, to some extent, be classified
in accordance with the preponderance of certain metallic elements.
All lithia micas, even when derived from the most varied localities
both in Europe and America, are stanniferous, and they usually
also contain arsenic, copper, bismuth, and sometimes uranium.
True muscovites are the micas poorest in heavy metals, although
copper is seldom entirely absent. The black micas from the older
gneiss of the Erzgebirge, contain arsenic, lead, zinc, and a little
copper, and the same applies to those of the southern Black Forest,
while the black mica from the Spessart contains copper, cobalt,
nickel, and bismuth. Arsenic, lead, and zinc are found in the dark

1 Fridolin Sandberger, *‘ Untersuchungen tiber Erzginge,” Part I. p. 23.
G
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mica from the propylite of Schemnitz, and in the rubellan of
Polma, near the boundary of Saxony and Bohemia.

Attention is called by Sandberger to the fact that both baryta
and lime are present in various felspars as well as in the minerals
with which they are associated, and that fluorine occurs in many
micas. The decomposition of such minerals will therefore yield the
materials for the formation of many varieties of veinstone, while
the liberated silica will be deposited in the form of quartz.

Organic matter is sometimes present in considerable quantities
in metalliferous veins, not only in the form of carbonic acid, but
also as graphite and anthracite, as at Schneeberg and elsewhere.
It also occurs as the colouring matter of fluor spar and of smoky
quartz. This, it is argued by the supporters of the theory of
lateral secretion, will be found whenever the amount originally
present has been more than sufficient to transform the metallic
sulphates into sulphides, &c.

Lodes however occur not only in crystalline rocks, but also in
semi-crystalline strata, &c., and according to this theory the ores
of such veins may be derived from three sources, namely, from the
incompletely decomposed remains of metalliferous silicates derived
from the original crystalline rocks, from solution-products of older
veins, and, finally, under special circumstances, from traces of the
metals which are contained in sea water. The last source will
probably have directly supplied only a limited number of deposits.

It has however been shown that the fresh mother-liquors from
the salterns of the Mediterranean contain sufficient copper to be
recognizable in 5 cc. of the liquid, at which rate one cubic metre
of the water of that sea will contain at least 0°01 grm. of copper.
The black and usually very sulphurous matter deposited in basins
where sea water has been left to itself, constantly contains copper,
and the same is generally true with regard to the dark-coloured
gypseous muds of all ages. The copper schists of Mansfeld contain
organic matter in considerable quantity, together with copper, and
ammoniacal salts equivalent to 0000816 grm. of ammonia per
kilogr. of rock, easily recognizable in a few grms. Lithia is also
present in sufficient amount to produce a very brilliant spectral
line. These associations are exactly similar to those which occur
in modern estuarine muds.!
~ According to recent analyses, the phyllites of the Erzgebirge
and Fichtelgebirge are by no means rich in the heavy metals, but
if a sufficient amount of the rock be operated upon their presence

1. L. Dieulafait, Revie universelle des Mines, vol. vii. 1880, p- 425.
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can always be detected. The dark-grey phyllite of Schneeberg
contains arsenic, cobalt, and nickel ; while the Cambrian schists of
Goldkronach afford arsenic, antimony, and lead. The sericite
schists of the Taunus yield from ‘05 to ‘06 per cent of cupric oxide.

Stratified rocks of purely neptunian origin, with the exception
of limestones, consist chiefly of the débris, in a more or less
finely-divided state, of older crystalline rocks. It is not to be
expected that they will not have lost a portion of the heavy metals
originally contained in the rocks from which they were derived,
but some one or more of them may nevertheless be almost always
detected. H. Frick! first detected the presence of oxide of copper
in clay slates; and by operating upon 1 lb. of roofing slate from
Bangor, North Wales, Forchhammer? obtained a large quantity
of lead, in addition to copper and zinc.

Bischof, many years since, expressed the opinion that if properly
looked after copper would be found in all clay slates, and subsequent
investigation appears to go far in support of this view.® Sandberger
discovered copper, zinc, lead, arsenic, antimony, tin, cobalt, and
nickel in clay slates from the neighbourhood of Holzappel, as well
as in those from Ems, and from Schulenberg, near Clausthal.
Titanic and phosphoric acids also appear to be everywhere present
insmall quantities. Many rocks of New Red Sandstone age contain
lead and copper. Lead, copper, arsenic, and cobalt occur, in Germany,
in the clay slates of the lower Keuper. The bituminous, marly
slates of Raibl, in Carinthia, are richin lead and zinc; but these
metals are only obtained after fusion with an alkali, showing that
they are present in the form of silicates only.

These investigations which have resulted in demonstrating the
almost universal presence of heavy metals in rocks belonging to every
geological period, tend greatly to enlarge our views on the subject of
metalliferous deposits. There can be no longer any doubt that the
filling of veins has often been derived, in a state of chemical solution,
from the surrounding country rock, and the theory of lateral
secretion appears to explain more satisfactorily than any other,
certain phenomena not otherwise easily understood. It, moreover,
not only accounts in a satisfactory way for the changes which take
place in metalliferous veins when passing from one formation into
another, but it also affords a reasonable explanation for the fact
that shoots of ore usually follow the dip of the enclosing rocks.

! Poggend. Annal., vol. xxxv., 1885, p. 193, 3 Ibid., vol. xcv. 1855, p. 70.
? G. Bischof, *‘ Lehrbuch der chemischen und physikalischen Geologie,” 1847,
vol. ii. p. 1900. English Translation, vol. iii. 1859, p. 122.
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It has been suggested by various geologists that certain strata,
instead of being richer than others in metals, may possess a com-
position enabling them to -act more efficiently in decomposing
metalliferous solutions derived from other sources, and in depositing
their contents in the form of ores. This reaction may perhaps
sometimes influence the ore-bearing portions of a lode, but its
importance may be regarded as secondary to the influence of the
metalliferous contents of the rocks themselves.

Among the objections which have at various times been ad-
vanced against this theory may be mentioned the facts that
different sets of fissures traversing the same formations often
contain very different ores, and that when rocks of totally different
character are brought by faulting to form opposite walls of a
fissure, the ore may be, nevertheless, symmetrically deposited in
corresponding layers. It may likewise be remarked that the same
fissure frequently traverses several formations, and the character of
~ the vein may throughout be essentially the same. It cannot however
be doubted that the formation of lodes has been a long and com-
plicated process, all the phenomena connected with which are not
capable of explanation by any one cause. If the term lateral secretion
be employed in a somewhat extended sense, and it be understood
to imply that the solution, after becoming impregnated by the
rocks, had free movement in the fissure, so that each molecule was
not deposited where it issued in solution from the country, this
theory passes directly into that of the ascension of aqueous solutions.

7. Theory of Ascension.—This theory supposes lodes to have
been formed in part only of minerals dissolved out of rocks in the
immediate horizon of their several depositsin vein fissures, and that
the chief portion of the material has been derived from greater
depths by solvents circulating through the fissures. According to
some who have advocated this theory, sublimation, either with or
without steam, has also assisted in the formation of metalliferous
veins. The increased heat and pressure, due to great depth, will thus
greatly facilitate the solution of the different vein-forming sub-
stances; and minerals may be deposited in all parts of the fissure
of which the constituents do not exist in the rocks in its immediate
vicinity. These solutions will, under a pressure due to the
height of the column, penetrate more or less deeply into the
surrounding rocks, and may, under certain circumstances, give rise
to their impregnation by metalliferous minerals. By the same
agency the adjacent rocks are sometimes softened and decomposed
to a considerable distance from the lode; or the country rock may,
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on the contrary, give rise to the formation of capels through
becoming hardened by silicification. Waters, possessing solvent
powers vastly increased by high temperature and great pressure,
percolating through rocks containing the heavy metals will
gradually remove them, by lixiviation, together with other mineral
substances, and these will again be deposited upon the sides of
the fissure in proportion as the solvent power of the menstruum
becomes lessened by diminishing temperature and pressure. On
the other band, it is probable that minerals diffused in rocks
comparatively near the surface may have been removed by solutions
which, penetrating into vein fissures, have mingled with the waters
circulating through them. With regard to the precise chemical
reactions which take place in the deposition of ores in mineral
veins we have yet much to learn, but there can be no doubt that
deposits somewhat akin to those of true veins are at the present
time being formed by the action of certain thermal springs.

In a paper beforec referred to Newberry strongly advocates
the theory of aqueous ascension, and appears to believe that no
other is capable of explaining all the various phenomena connected
with the formation of lodes. After briefly adverting to other
theories he remarks:—“ But argument is really wasted in a dis-
cussion of the filling of fissure veins, since we have examples that
seem to settle the question in favour of chemical precipitation
from ascending hot water and steam. In the Steamboat Springs
of Western Nevada, for example, we in fact catch mineral veins
in the process of formation. These springs issue from extensive
fissures which have been or are being filled with siliceous
veinstone, that carries, according to M. Laur, oxide of iron,
oxide of manganese, sulphide of iron, sulphide of copper, and
metallic gold, and exhibits the banded structure so frequently
observed in mineral veins.”

To this theory Sandberger objects, on the ground that none
of the numerous mineral springs which he has examined, namely,
those of Petersthal, Rippoldsau, Baden, Badenweiler, the Maxquelle
of Kissingen, and others, deposit any mineral incrustation on
the walls of their channels of exit, although they subsequently,
upon exposure to the air, give rise to muddy deposits containing
various heavy metals. The Sulphur Springs in Colusa County,
California, and Steamboat Springs in Western Nevada, he regards
asexceptional phenomena only to be compared with the unimportant
metalliferous deposits produced by solfataras or fumaroles, or which
issue from fissures in heated lava. He further remarks that with
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the exception of California no country, either in the new or old
world, possesses ore deposits containing such masses of free sulphur.
According to the same author the various metallic sulphides which
so constantly occur in lodes are the results of the reduction of
sulphates by the action of organic matter.

It may, however, be stated, on the other side, that the rule
relative to the non-deposit of minerals in channels giving issue
to hot waters is not without remarkable exceptions, since at
Steamboat Springs an adit was driven in such a way as to intersect,
at a considerable depth from the surface, a fissure which once formed
a vent for mineral waters. At that depth the banded structure was
not only continued, but the veinstone, which consisted chiefly of
quartz, contained a notable proportion of cinnabar.

Sulphur is by no means abundant in the deposits of Steamboat
Springs, and is for long distances entirely absent. Native sulphur,
however, occurs in the mineral veins of America, Australia, and
some other countries. It has been found in the gold mines of
Virginia and North Carolina, as well as in antimony reefs at
Costerfield in Victoria, and in veins at Maldon, St. Arnaud, and
Castlemaine in the same colony.

Sulphur is also of not unfrequent occurrence in the auriferous
quartz reefs of Southern India, where, in the form of transparent
crystals, it covers the surfaces of small druses in the veinstone.
Specimens kindly forwarded to me by Mr. H. A. Severn from the
Wynaad were in the form of octahedra, and had been deposited
upon an extremely thin coating of ferric oxide lining a cavity, the
length of the greater diameter of which was about one inch.
It is evident that the presence of sulphuretted hydrogen may
sometimes account for the formation of certain metallic sulphides,
without the intervention of organic matter.

Concluding Observations.—It appears to be now well established
that the heavy metals occurring in metalliferous veins in the
form of ores are, in the state of silicates or of other mineralized
combinations, present in greater or less proportions in rocks of
almost every age, and that these are capable of supplying all the
chemical constituents of the different ores and veinstones of the
lodes passing through them.

That the minerals thus disseminated throughout the rocks
have been originally the source of the metalliferous accumulations
which have taken place in veins admits of little doubt, but we have
still much to learn with regard to the processes by which ores of
the different metals have become concentrated in fissures, In the
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majority of cases this must have been effected by chemical solution
and subsequent deposition, as indicated by the comby structure of
many lodes, as well as by the occurrence, one upon another, of such
minerals as quartz, calcite, and ores of iron.

1t is possible that, in some cases, waters to some extent charged
with heavy metals may have flowed from above into fissures where
a portion of them may have become deposited in the form of ores,
as suggested by Mr. Wallace, but it does not appear probable that
the flow of surface waters into vein fissures can, generally speaking,
bave materially contributed to the richness of mineral veins.

There is reason to believe that lodes may have often been
produced by lateral secretion at ordinary temperatures, and that
the ores and other minerals constituting veins may have been
deposited in approximate vicinity to the points at which the solutions
entered the fissure. As, however, the fissures of true veins are
supposed to extend far into the earth, we are justified in believing
that the solvent powers of the menstrua, acting upon minerals
disseminated through the strata, will be increased by a high
temperature and the pressure incident to great depth. These
heated waters, obeying known laws, will have a tendency to
ascend, and in doing so will gradually lose their power of
holding minerals in solution, and a deposit on the surfaces of the
fissures will be the result. Metalliferous veins are of more frequent
occurrence in the neighbourhood of eruptive rocks than in other
situations, and it is probable that these may have not only been
instrumental in producing fissures, but may also have contributed
to supply heat to the waters circulating through them.

Metallic minerals, especially specular iron ores, are sometimes
deposited by sublimation in the crevices of cooling lavas, and
it is probable that in certain solfataras, like that near Borax Lake, in
California, the concentration of a portion of the cinnabar and other
substances present may be partially due to this agency. Many
bodies which are not easily volatilized are readily carried along by
a current of steam or aqueous vapour. There is, apparently, no reason
for believing that sublimation has usually acted an important part
in the formation of true veins, notwithstanding the fact that free
sulphur sometimes occurs in metalliferous veins.

b. SEGREGATED VEINS.—Metalliferous deposits belonging to
this class differ from true veins inasmuch as they are con-
formable with the bedding or foliation of the country rock,
whereas true veins traverse all formations independently of
stratification and foliation. As in the case of ordinary lodes the
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gangue of segregated or bedded veins differs entirely from the sur-
rounding rock, the veinstone, which frequently consists of quartz,
being often crystalline and exhibiting a distinctly banded structure.
Besides extending uninterruptedly for considerable distances,
deposits of this class sometimes form lenticular masses of limited
extent; these are, however, often followed by others of a similar
‘description forming a series resembling a more or less interrupted
lode. The quartz veins so numerous in Canada, New England, and
in the Alleghany Mountains are generally examples of deposits
of this class, as are, for the most part, the auriferous veins of Cali-
fornia. Fig. 34 represents an ideal section of this form of deposit.
The ore-bearing mass does not always crop out at the surface,
although it frequently does so; a is a vein which makes its
appearance at the surface, b does not reach so far; while ¢ is a
lenticular bunch extending but a short distance either upwards or

F15. 34.—Segregated veins,

downwards. One of the most important constituents of segregated
veins is gold, with which either pyrites, blende, galena, or
chalcopyrite is almost always, to some extent, associated. In
common with true veins, segregated veins frequently exhibit
evidence of repeated openings of the fissure, and of fresh
depositions of mineral. It was formerly believed that veins of
this description are less persistent than true lodes, that they are
richer nearer the surface than elsewhere, and that they frequently
terminate by pinching out both in depth and in horizontal extension.
Recent mining operations have, however, materially modified the
received views respecting the value and persistency of the so-
called segregated veins. Many of them are of great thickness
and extent, and after having been worked to very considerable
depths, have been there found as productive as they were nearer the
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surface. The character of the veinstone of such deposits frequently
appears to in no way vary from that of true fissure veins, from
which they often differ in no respect except that their course is
paralle] to that of the strata between which they lie. It therefore
becomes a question whether segregated deposits and true veins have

F1a. 85.—Lenticular segregations; plan.

not often a common origin, and whether in thus naming them
differently we are not sometimes making a distinction where no
difference, beyond the parallelism or non-parallelism of the deposit
with the enclosing strata, exists.

Deposits of auriferous quartz, cupriferous iron pyrites and some
other minerals, occasionally assume the form of a series of lenticular

e

Fia. 86.—Lenticular segregations ; section un de.

masses, which lying between the foliations of the strata, follow one
another both in length and depth in such a way as to constitute
an interrupted vein. Fig. 35 represents in plan, and Fig. 36 in
section on the line d ¢, a deposit of this kind, in which @ indi-
cates masses of either veinstone or ore. Such lenticular masses,
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which are often approximately continuous and lie at low
angles, are described as beds, Lager, by v. Groddeck. They,
however, occasionally enclose fragments of the country rock both
from the foot and hanging walls, and, in such cases, cannot be
regarded as contemporaneous with the enclosing strata, but are
evidently of subsequent formation. Certain deposits, however,
somewhat similar in character have probably had a different origin,
and may be regarded as beds formed prior to the deposition of the
overlying rock.

Segregations of ore sometimes take place at the intersections of
the main joints of certain rocks. Fig. 37 represents, in plan, an
example of this kind of formation described by W. J. Henwood as
occurring at Dhunpoore Mine, North-western India, where patches

" Fio. 87.-—Segregations of ore at intersections of Joints

of chalcopyrite and erubescite a occur at the intersections of a series
of joints b and ¢ which traverse nearly at right angles a somewhat
calcareous clay slate. All ore deposits are subject to dislocations,
and those affecting formations belonging to this class are often
very similar to those experienced by true veins.

¢. GasH VEINS.—QGash veins are metalliferous deposits which
occur in limestone rocks only, and being confined to a single stratum
or formation are necessarily limited in extent. The most typical
examples of gash veins are probably those furnished by the lead
deposits of the Mississippi Valley, in North America. These occur
at three different horizons, of which the Galena Limestone, belong-
ing to the Trenton Group, is the most productive. The origin of
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the cavities in which deposits belonging to this class have been
formed, appears to be capable of a simple explanation. They are
generally the bedding planes or joints of a limestone rock which
have become channels through which surface waters charged with
carbonic acid bave flowed into a system of subterranean drainage.
These joints are, generally speaking, approximately at right angles
to one another, and while some are vertical, others are horizontal.
In the formation of gash veins one or both members of a set of
crossed vertical joints become enlarged into lenticular cavities or
gashes ; but it not unfrequently happens that the action of water
containing carbonic acid not only results in the formation of
vertical or horizontal galleries of moderate dimensions, but also of
irregular pockets, some of which may occasionally be of consider-
able extent. These cavities have subsequently become filled with
calcite, or sulphides of lead, zinc, and iron, originally disseminated
through the surrounding or overlying country, but which were after-
wards leached out and deposited in the enlarged lines of jointing of
the rock. In some instances these cavities have become further
enlarged subsequent to the formation of a deposit of ore in them;
and in such cases the ore may either form a central pillar, a sort of
curtain depending from the roof, or be found as a mass of fragments
mingled with sand and clay lying at the bottom of the cavity. The
Carboniferous Limestone of South-western Missouri contains layers
of chert which, not being soluble in carbonic acid, sometimes forms,
where the limestone beneath it has been removed by the action of
acidulous waters, either a ceiling to a cavity or a sort of diaphragm
acrossit. These frequently break down with their own weight ; and,
falling to the bottom, the fragments become cemented together
with the ore, which thus acquires a peculiar and brecciated character.

Fig. 38 represents an ideal section of one of the usual modes of
occurrence of gash veins in the Mississippi Valley.

The stratum b lying between a and ¢ entirely cuts off the veins,
the fissures not having penetrated into that bed. Should however
the bed ¢ resemble in its characteristics that which is marked a,
similar fissures may be again found in it below b. Inthat case they
will not however be continuations of the fissures found in @, but will,
on the contrary, be a new set, originating and entirely comprised
within the bed ¢. Inconnection with the main fissures, which may
or may not be nearly vertical, lateral branches will usually be found
in the same rocks, possessing similar characters with regard to
their metalliferous contents.

In connection with ordinary gash veins there are usually
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deposits of lead ore in flats or sheets. This ore is sometimes
accompanied by veinstone, and is unmixed with clay. The sheets
vary much in their dimensions, but are generally elongated
in one direction, and thin out gradually from the centre.
Several such sheets are sometimes connected by vertical or oblique
fissures containing ore, as represented in Fig. 39, descending by

F1a. 83.—QGash veins ; after Whitney.

zigzags from one stratum to another. The principal veinstoue
associated with galena is calcite, with occasionally a little heavy
spar. Sheets of these minerals alternate with others of calamine,
blende, and iron pyrites. In some places the latter minerals are
more abundant than galena itself, and calamine not unfrequently
becomes the predominating mineral. Casts of fossils are sometimes
found in the galena from the deposits of the Mississippi Valley.
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Fra. 89.—Lead ore ia flats ; afcer Whitney.

The pipe veins of the north of England very closely resemble
gash veins, and were probably formed in the same way, as were
also many of the hematite deposits in the Carboniferous Limestone.

d. IMPREGNATIONS.—Impregnations differ from other metal-
liferous deposits in not possessing any sharply defined outlines,
and they consequently merge gradually into the enclosing rock.
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Although met with in formations of almost every age, they occur
most frequently in igneous and other crystalline rocks In many
instances the rock forming the matrix retains its general cha-
racteristic structure, the ore being disseminated through it in
a more or less finely divided state. In other cases the rock
becomes, to some extent, decomposed, a portion of its constituent
minerals being converted into various products of alteration.
Deposits of this class may occur either independently and
alone, or associated with others of a more definite character.
Those which are apparently independent, and without any con-
nection with other metalliferous deposits, extend for varying dis-
tances into the surrounding rocks, which within certain limits are
impregnated with ore. Impregnations which, on the contrary, are
directly in connection with other metallic deposits may either
form portions of the wall rock of a vein, or be distributed along
lines of fissure in communication with a lode. The ores
constituting impregnations may be distributed through the rock
in various forms. They may be present either as crystals or as
disseminated crystalline patches, or the particles may be so finely
divided as to be invisible without the aid of a powerful lens. In
other cases the ores may assume the form of minute spherical
aggregations, as in the Bunter Sandstone at Commern, in Rhenish
Prussia. It not unfrequently happens also that rocks are stained
by oxide of iron or by various copper compounds to considerable
distances from large deposits of the ores of these metals; but in the
majority of cases impregnations of this kind possess no commercial
value. Impregnations of cassiterite occur in the mines of Saxony
and Bobemia, as well as in Cornwall where, under the name of
carbonas, they sometimes form valuable deposits. According to
W. J. Henwood,! at the St. Ives Consolidated Mines a carbona
Joins the Standard lode at a depth of 78 fathoms, and at its point
of junction therewith the connecting surface is not above four or
five inches square. From that point it has been worked for a
distance of 120 fathoms in length, with a constant inclination
downward, until it reaches a depth of nearly 100 fathoms. Its
greatest vertical extent is nearly ten fathoms, and its extreme
width about the same; but the average dimensions may be
taken at four fathoms high by ten or twelve feet in width. It
exhibits few of the usual characteristics of a lole, being bounded
above, below, and on either side, by ordinary granite. The deposit
itself is chiefly composed of felspar, quartz, schorl, and oxide of

} Trans. Roy. Geol. Soc. of Cornwall, vol, v, 1843, p. 21.
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tin, very irregularly distributed throughout the mass. In some
places it contains in addition fluor spar, which is not present in
the adjoining lode, chlorite, chalcopyrite, erubescite, and iron
pyrites. Throughout this mass there is a gradual transition from
the composition of granite to that of the carbona.

An impregnation of granite by
tinstone which occurs at East Huel
Lovell, in the parish of Wendron,
Cornwall, has been very clearly de-
scribed by C. Le Neve Foster! Fig.
40 represents a horizontal section of
this deposit as seen at the 100-
fathom level, in which a b is the
leader or divider, a small vein com-
posed of quartz and ferruginous clay
varying from § to 4 inch in thickness.
The dotted portion is the tin-stuff,
outside which is the ordinary granite
of the district. This granite is well
marked and encloses large crystals
of orthoclase; while the stanniferous
portion consists of a mixture of quartz,
mica, gilbertite, and cassiterite, with a
little fluor spar, iron pyrites, copper
pyrites, .erubescite, copper glance, and
chalybite. Gilbertite, a crystalline
alteration-product of felspar, is fre-
quently abundant. There is no wall
or selvage between the tin-bearing
mass and the surrounding granite,
the two gradually merging into one
another ; and, following the leader along
its strike, the tin-bearing rock
decreases in width until at last both
Fio. 40.—Impregnation of tin ore st walls of the vein are composed entirely

of granite. The shoot of tin at the
100-fathom level was about seven fathoms in length, the richest
part having a length of three fathoms and a width of nearly nine
feet. In some cases the oxide of tin lay entirely on one wall,
as shown in Fig. 41, but the prevailing characteristics, namely,
the leader of quartz, the absence of any wall between the tin -

1 Trans. Roy. Geo. Soc. of Cornwall, vol. ix. 1876, p. 167.
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and the granite, and the general composition of the tin ground,
always remained the same. The main shoot of tin ore at East
Huel Lovell has been followed from the 40-fathom level down
to the 110 as one continuous pipe, and is in the shape of a long
irregular cylindroid with an elliptic base generally about fourteen
feet long by seven wide.

M. Daubrée, some forty years ago, first called attention to the
fact that, with the exception of quartz, the minerals most constantly
associated with tin ore are compounds containing fluorine, princi-
pally fluosilicates, such as lepidolite and topaz; sometimes also
fluophosphates and fluorides, the latter being present chiefly as
fluor spar.!

Boron is a constituent of the minerals tourmaline and axinite,
both of which are frequently present in tin deposits; while the other

Fia. 41.—Impregnation of tin ore at East Huel Lovell.

most commonly associated elements are tungsten, molybdenum,
pbosphorus, arsenic, and iron. He arrives therefore at the
conclusion that tin ore, fluorine compounds, and borosilicates owe
their origin to the same set of reactions, and supposes that the
tin, tungsten, molybdenum, boron, phosphorus, and a portion of
the silicon came up through fissures from some deep-seated
source as fluorides. [Finally, he suggests that the present
condition of Stockworks which consist of quartz, tin ore, silicates,
fluosilicates, and borosilicates, resulted from the action of these
fluorides, probably in the presence of water, on the enclosing
rocks.

1 “Mémoire sur le gsement, la constitution, et l'origine des amas de minerai
d'étain,” Annales des Mines, vol. xx. 1841, p. 65;  Ktudes Synthétiques de

Géologie Expérimentale,” Paris, 1879, p. 29.
H
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In a subsequent memoir Daubrée gives the results of
numerous experiments, which he made with a view to imitating
the processes by which nature may have acted in forming such
minerals! Instead of employing fluorides, which are not so
readily made or so easily managed, chlorides were generally used,
since, from the great analogy which exists between fluorides and
chlorides, it was considered that any results obtained with the
latter might safely be supposed to occur with the former.

The first experiment consisted in passing a current of stannic
chloride together with a current of steam through a red-hot
porcelain tube. In this way double decomposition was effected
and crystals of stannic oxide were deposited on the interior of the
tube. The crystals of oxide of tin thus obtained are sometimes
colourless and transparent, and at others exhibit tints of brown
or green, the different coloured specimens being all associated
in the same groups. Their specific gravity is 6:72; they readily
scratch glass; and when mixed with carbonate of sodium they
yield a globule of tin before the blowpipe. Although exceedingly
minute, the crystals so obtained exhibit well-defined faces and
angles, but they are so entangled with one another that it is
difficult to determine their form. The temperature of the portion
of the tube on which the crystals of oxide of tin were deposited
did not exceed 300° C., being rather below the melting point of
lead. Titanic chloride treated in the same way yielded crystals
of brookite, while a deposit of vitreous and, in part, crystallized
quartz was obtained from chloride of silicon and steam. In 1851
Daubrée obtained well crystallized apatite by passing perchloride
of phosphorus over lime at a dull red heat, and a mineral
analogous to topaz was produced by the action of a current of
fluoride of silicon on alumina at a white heat.2

The circumstance before referred to (p. 12) of deers’ antlers
more or less completely replaced by crystallized oxide of tin
having been found in various Cornish streamworks, affords, however,
sufficient evidence that this mineral has sometimes been de-
posited at ordinary temperatures. In the case in question it
would appear not improbable that the production of alkaline

1 ¢¢ Recherches sur la production artificielle de quelques espbces minérales cristal-
lines, particuliérement de l'oxyde d'étain, de I'oxyde de titame, et du quartz.
Observations sur l'origine des filons titaniferes des Alpes,” Annales des Mines,
vol. xvi. 1849, p. 129. “ Géologie Expérimentale,” p. 87.

3 “ Expériences sur la ;roduction artificielle de I'apatite, de la topaze, et des
quelqixeu.autres mineraux fluoriféres,” Annales des Mines, vol. xix. 1851, p. 684.
“ Géologie Expérimentale,” p. 48,
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carbonates through the decomposition of felspars, may have been
an important factor in the solution and subsequent deposition of
oxide of tin.

¢. STOCKWORKS.—Closely allied to the last mentioned mode of
occurrence is the form of deposit known in Germany as Stockwerk,
a term which is now generally adopted both in France and in this
country. A stockwork consists of a network of small veins
interlacing one another and traversing the rock in various
directions ; the whole of the ore present is not, however, confined
to the veins, a considerable portion of it, on the contrary, being
contained in the rock itself. A stockwork differs from an ordinary
impregnation in not having necessarily any connection with a
vein fissure, and in being usually traversed by numerous thread-
like veins generally containing oxide of tin. When a rock is
traversed irregularly in all directions by a network of veins, the
deposit is sometimes in this country called a floor, and in Germany
a Triimerstock. Examples of this kind of formation occur at the
Carclaze, Beam, and Bunny Mines in the neighbourhood of St.
Austell, and at various other places in Cornwall; as well as at
Altenberg, Geyer, and Zinnwald in Saxony.

At Carclaze the veins traversing the granite are generally small
and vary considerably in composition; sometimes they consist of
schorl and quartz, at others of schorl and felspar, frequently of
schorl alone, and occasionally portions of them are composed of
felspar only. They are usually however a mixture of the three
minerals, and generally contain a certain proportion of tinstone.
As in the case of other similar deposits, the ore is seldom
confined to the veins alone but is generally dispersed throughout
the mass of the contiguous rock, into which, although the line
of separation is often distinguishable, the veins frequently pass by
imperceptible gradations.

On the whole the veins preserve a certain amount of parallelism;
but there are exceptions to this, and in such cases they fre-
quently exhibit the ordinary phenomena of heaves and slides; and
when such veins unite they are often enlarged and become propor-
tionately more productive. They are, however, generally so small
and numerous and at the sane time intimately mixed up with the
rock-mass, that the mine has been for the most part worked open
to the day, forming an excavation 250 fathoms in length, 100
fathoms in width, and about 22 fathoms in depth. These workings
were formerly carried on upon an extensive scale, but of late years

Carclaze has been worked chiefly for china clay, although a small
H2
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quantity of tin ore is still collected during the operations. Beam
is situated about two miles north of Carclaze, and was originally
quarried, but was subsequently worked in the usual way by mining;
Bunny resembles Beam in its usual characteristics, but is upon a
considerably smaller scale.

At Altenberg, in Saxony, the stanniferous rock, which is
generally a porphyry of a greyish colour sometimes merging into
greisen, a rock consisting of quartz and mica, forms a mass
1,400 feet in length, and 900 feet in width, surrounded by
granite and different varieties of porphyry. This mass contains
tin ore throughout its whole extent, but in such small quantities
as to be almost imperceptible to the eye. It has a dark, often
almost black colour, and consists of quartz, felspar, mica, specular
iron ore, tin ore, and probably a little wolfram. Ppyrites is sparingly
disseminated throughout the rock, but the quartz, which occurs
in a granular form without any apparent crystalline structure,
is often the only mineral which can be distinctly recognised.
Numerous veins of quartz traverse this fine-grained metalli-
ferous rock in all directions, in which molybdenite, bismuthine,
copper pyrites, fluor spar, topaz, prehnite, and nacrite, some-
times occur. The rock differs from ordinary greisen in that its
texture is not quite the same, and in containing chlorite and specular
iron ore. This rock, which is called by the miners Zwitter or
Stockwerks-porphyr, is, as well as the neighbouring granite, traversed
by numerous small and irregular veins of quartz, each of which is
bordered, on both sides, by dark stripes. These dark stripes merge
without any distinct line of junction into the finely granular granite ;
it would therefore seem as though the dark stripes were the
result of impregnation by liquids traversing the vein fissure
previous to its becoming filled by quartz. From analyses made at
Freiberg it would appear that there is but little difference in the
composition of the unaltered granite, the dark-coloured stripes
bordering the quartz veins, and the zwitter.

At Geyer, the rock enclosing the numerous small string-like
veins is a granite of which the felspar is much decomposed. This
granite has broken through mica schist, and the associated minerals
are schorl, fluor spar, oxide of tin, and apatite. Cassiterite is not
only present in the small parallel veins, but is also disseminated
through the adjacent rock. The veins rarely exceed two inches in
width and gradually merge into the granite.

At Zinnwald, tin ore is obtained from a granitic rock sometimes
classed as a greisen, containing but a very small proportion of
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felspar, and forming a flattened dome-shaped mass, which rises
through a larger one of porphyry. The whole of this rock is fre-
quently stanniferous, but the most productive deposits exist in the
form of concentric zones, none of which exceed twelve inches
in thickness. Seven of these zones or foliations, which Burat!
regards as contemporaneous with the granite, and from which he
believes they were separated by a sort of liquation, are of sufficient
importance to allow of being worked for tin. Subsequently to
its consolidation the mass of the granite has been faulted by
various fissures, now filled with clay and other débris, so that the
metalliferous zones have experienced numerous throws.

At the Polberrow Mines in the parish of St. Agnes, Cornwall,
a pale blue slate of silky lustre is traversed by numerous small
tin veins. This rock extends to Trevaunance, forming the sea-cliff
between that place and Trevellas Coombe, and contains many
small quartz veins in addition to several lodes and cross-courses.
The way in which these tin veins occur in slate rock is well
illustrated in Fig. 42, which represents a specimen from this

F1a. 42.—Tin veins in clay slate, Polberrow.

locality, of which a lithograph is given by Henwood, in his valuable
monograph on the Metalliferous Deposits of Cornwall and Devon.
Writing in 1838, this author makes the following observations
relative to the workings at Polberrow:—‘In pursuit of these
little tin veins the excavations have been so numerous and exten-
sive, that a mass of rock extending from the surface to sixty fathoms
deep, being unsupported, is now slowly subsiding. The portion
thus in motion is perhaps sixty or eighty fathoms in diameter, and
its descent at the rate of six or eight feet in a month. The miners

1 ¢« Géologie Appliquée,’’ Paris, 1855, p. 839.
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still continue their labours in the moving mass.” This appears to
be the only stockwork ever extensively worked in clay slate, and
it would be interesting to determine by means of analysis whether
the whole of the oxide of tin is contained in the small veins, or
whether a portion of it may not be enclosed in the slate itself.

f. FauLBANDS.—The celebrated silver mines of Kongsberg, in
Norway, discovered in 1623, and worked with comparatively little
interruption from that date to the present time, are situated in a
district consisting chiefly of gneiss, gabbro, mica schist, hornblende
schist, talc schist, and chlorite schist. The silver ores occur in
what are known as Fahlbands, which consist of parallel belts of
rock, of considerable width and extent, impregnated with sulphides
of iron, copper, and zinc, and sometimes also with those of lead,
cobalt, and silver. The iron pyrites often becomes, to some
extent, decomposed near the surface, giving rise to the formation
of hydrated ferric oxide and producing a kind of gossan, which is
locally regarded as an indication of the presence of silver ores.
These fahlbands, or grey beds, have a direction very nearly
north and south. They are irregular in their dimensions, the
greatest breadth of any one of them being about a thousand feet;
but they constantly preserve a considerable degree of parallelism
with one another, and may be traced upon their line of strike, for
a distance of several miles.

The amount of ore disseminated through such beds is usually
very small, and in but a few localities only has it been found
sufficiently concentrated to admit of its being profitably worked.
In the Kongsberg district there are several of these fahlbands,
parallel in strike and inclination with the gneissoid and schistose
strata in which they occur, and subject to the same local dis-
turbances of stratification. They are themselves traversed by
fissure veins containing silver ores, and long experience has shown
that these are productive only where they intersect fahlbands.
From this circumstance it becomes evident, not only that the
composition of the lode is dependent on the nature of the adjacent
rock, but also that the metalliferous portions of them were, in all
probability, originally derived from the fahlbands through which
they pass. The lodes, which are numerous, course nearly east and
west, almost at right angles to the strata and fahlbands, and
generally dip towards the south, although a few of them incline in
the opposite direction. As a rule they are but a few inches in
breadth, seldom exceeding a couple of feet, and their narrower
portions are usually richer in silver than the broader parts, which
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are chiefly made up of non-metalliferous veinstone. Their breadth
is stated to increase up to a certain depth and then gradually to
diminish; the portions having a thickness of about one inch
being on an average the richest. When two such lodes intersect
within the limits of a fahlband, the result is often a considerable
pocket of ore. The lodes are without selvages, and are firmly
attached to the wall rock, which for some distance is often impreg-
nated with silver ores.

The district around Skutterud and Snarum consists of crystal-
line schists which vary between gneiss and mica schists, but which
sometimes pass into hornblende schists. These, whose course is
nearly north and south, and of which the dip is almost perpendicular,
contain metalliferous zones similar to those of Kongsberg. They
differ from them, however, in that the ores of cobalt which are
disseminated through them will, in certain places, pay the expenses
of extraction, while the fahlbands of Kongsberg are only important
from enriching the lodes passing through them. The breadth
of these fahlbands varies considerably, although their width cannot
always be accurately determined, since a gradual transition takes
place from the metalliferous to the totally barren rock. They
follow the strike and dip of the schists, and are sometimes as
much as thirty-six feet in width. Veins are altogether wanting
in these fahlbands, and on the outer edges of the cobaltiferous beds
are others containing mispickel, which is entirely free from cobalt.
The principal fahlband is known to extend for a distance of six
miles, and is bounded on the east by a quartzose diorite, which
protrudes into the bed in the form of irregular masses, and as
dykes, traversing it in a zigzag course. This metalliferous band
is also intersected by dykes of coarse-grained granite, which contains
no ore, but whose branches sometimes penetrate into the diorite.

g. CoNtacT DEPOSITS.—Contact deposits are metalliferous
accumulations often found between the planes of contact of
dissimilar rocks. In deposits of this class the ore is usually
concentrated between two formations differing in geological age,
and unlike in their mineralogical characteristics. When strata
have been uplifted and have become metamorphosed through the
agency of a central intrusive mass, an irregular band of metalli-
ferous ore will sometimes be found extending along the line of
contact between the eruptive and altered rocks, while in other cases
it may be met with at some inconsiderable distance from the line of
junction, with which, however, it preserves a general parallelism.
Fig. 43 represents an ideal section of a line of contact between a
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stratified and an igneous rock, in the immediate vicinity of which
occur the metalliferous deposits a.

Some remarkable deposits of this character are met with near
Framont, in the Vosges, where masses of specular iron ore surround
a central boss of quartz-porphyry, which has tilted the stratified
rocks, and specular ore has been introduced into all the resulting
fissures and cavities, which are frequently lined with beautiful crystals
of that mineral. The sheets and strings of copper which are con-
centrated at the junction of trap and sandstone at some points on

Fia. 43.—Contact deposits.

the south shore of Lake Superior, afford an example of the deposit
of a native metal along the contact planes of two dissimilar
tocks. The copper ores of Monte Catini, in Tuscany, also belong
to this class of deposit, being developed along the line of outcrop of
certain gabbros, which Burat appears to regard as resulting from the
metamorphic action of serpentine upon strata of cretaceous age.

There is considerable diversity of character among deposits
of this kind, the chief distinction between them arising from
the circumstance that in some cases the ore has been segre-
gated from one or other of the neighbouring rocks, while in others
it has apparently come from a foreign source, and been deposited
in more or less continuous sheets in cavities formed between the
surfaces of adjacent rocks. To the first of these classes appear
to belong the argentiferous ores of Leadville, Colorado, which
S. F. Emmons regards as having been deposited from aqueous
solutions coming from above, which derived their metallic contents
from neighbouring eruptive rocks.!

The celebrated quicksilver mines of Almaden, situated in the
province of La Mancha near the frontier of Estremadura, Spain,
are worked on three parallel bed-like formations belonging to
the class of contact deposits. They occur at the junction of
Silurian slates and sandstones with a metamorphic rock generally

1 ““Geology and Mining Industry of Leadville, Colorado,” Annual Report of the
Secrotary of the Interior. Washington, 1882, p. 234.
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regarded as a sandstone metamorphosed by the action of a mass
of diorite upon which it rests.

h. CHAMBERS OR PoCKETS.—Chambers in limestone rocks form
in many countries receptacles for the ores of various metals, but no
where are there such striking examples of this class of deposit as
those found in the western mining districts of the United States of
America. After carefully studying these masses of ore in situ, Dr.
Newberry has arrived at the conclusion that they constitute a distinct
and important class which should be added to the catalogue of forms
of ore deposit heretofore described. Deposits of this class when of
large size are in Germany included under the name of Stdcke, while
those of smaller dimensions are named either Butzen or Nester.

Among the most striking examples of these chamber mines are
the Eureka Consolidated, and Richmond, in Nevada, and the
Emma, Flagstaff, and Kessler Cave Mines in Utah, &c. In all of
them the ore-bodies are found filling, more or less completely,
irregular chambers in limestone, and the aggregate annual pro-
duction of such deposits is now very large. Ore to the value of
£200,000 is said to have been extracted from one of the chambers
of the Eureka Consolidated, and a still larger amount from the
great chamber at the Emma Mine. Newberry believes these
deposits to have been formed in the following way:—

A stratum of limestone more than usually soluble in atmospheric
waters containing carbonic acid, has at some period been honey-
combed into chambers and galleries, such as those which traverse
the limestone plateau of Central Kentucky, of which the Mammoth
Cave is a well-known example. Subsequently the rock was
broken through and uplifted by the subterranean forces which
bave disturbed all important mining districts, and through the
fissures thus formed mineral solutions ascended and flowed into
any cavity that might be open to receive them. Whenever these
fissures traverse an insoluble rock, they have become fissure
veins, whereas, when cavernous limestone was broken into, its
open galleries and caverns were more or less completely filled
with ore. It has been suggested that the caves now holding
these ores may have been produced by the action of the
same metalliferous solutions from which the ores were deposited.
This, however, he does not think probable, since many of the
cavities are without ore and have their sides incrusted with
crystals of calcite ; and even where ore is met with the surrounding
walls are always hard and unimpregnated with ore. He concludes
therefore that the chambers were formed, like modern caves, by



108 ORE DEPOSITS. [ParT 1.

surface waters, and that at the time the country was uplifted and
the rock shattered some of them only were broken into; these
alone received the metalliferous solutions and ultimately became, at
least partially, filled with ore, while those which were not in com-
munication with the metalliferous channels have remained empty.
The character of the ores contained in these chambers varies
as much as it does in ordinary fissure veins, thus showing that the
nature of the metalliferous solutions was not always in different
localities the same. There can be no doubt that argentiferous
galena was the ore most abundantly deposited in these chambers,
but in some cases it was associated with large quantities of
iron pyrites, while in others this mineral is almost entirely
absent.

The ratio of gold to silver varies greatly in such ores; those of
the Eureka Mine are rich in lead, and contain much iron, while
the aggregate value of the precious metals is about £14 per ton, of
which one half is represented by gold and the other half by silver.
The ores of the Emma Mine were richer in lead, and contained less
iron and a little copper, but much more silver and less gold. Similar
differences occur in all the chamber mines, but in every instance
the ore has become thoroughly oxidized. In some of the neigh-
bouring fissure veins, however, the decomposed ores of the chambers
are represented by unaltered masses of galena and iron pyrites,
in which form the ores were doubtless originally deposited in the
caverns of the limestone ; in such veins the galena usually carries
the silver, and the pyrites, the gold. The enormous production of
silver and gold from the chamber mines already worked in the
United States, sufficiently demonstrates the great importance of
this class of deposit, but should the theory suggested by Dr.
Newberry be correct, they cannot be expected to extend to such
great depths as the ore-bodies of fissure veins; since the excava-
tion of the limestone if produced by atmospheric water, cannot
extend beyond the zone traversed by surface drainage.

GENERAL CoNCLUSIONS.—It is evident that, although convenient
for the purposes of description and for fixing our views within
certain limits, no classification of ore deposits can, in all cases, be
quite satisfactory, and this becomes at once apparent when we
consider the numerous points of resemblance which exist between
their several varieties. A segregated vein, if everywhere following
the stratification or foliation of the enclosing rocks, may be readily
mistaken for a bed ; if, however, during any portion of its course it
be found either to cut across the stratification or foliation, or to
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enclose fragments of both the overlaying and underlaying rocks,
it becomes evident the deposit can only be regarded as a vein.

The two essential requisites for the formation of an unstratified
ore deposit would appear to be, in the first place, the existence of a
wetalliferous rock, and, in the second, the presence of suitable
cavities in which an accumulation of mineral can take place from
solution. Such cavities may either assume the form of ordinary
vein fissures, or that of chambers or pockets.

Fissures may cut distinctly across the strata independently of
bedding and may become true fissure veins; or they may conform
to the stratification of the enclosing rocks and ultimately give rise
to deposits of the class known as segregated or bedded veins.

Fissures owing their origin to deep-seated causes will follow
the stratification of the rock, or will run across it, according to
the direction of the forces producing them; fissures of a third
description may be formed along the line of junction of an eruptive
rock with a sedimentary one, or between two rocks of eruptive
origin but of different ages. In all cases the process of filling by
infiltration will probably be the same, excepting that in the deeper
fissures, more especially in those in the vicinity of eruptive
rocks, it is not unreasonable to suppose that through the instru-
mentality of highly heated waters a portion of the ore and veinstone
may have been derived from rocks lying at considerable distances
and at very great depths. It is likewise not improbable that
changes in local conditions may sometimes result in the removal
of a deposit from one position and its re-deposition in another.
In the case of contact deposits there appears to be no reason
for believing that the juxtaposition of dissimilar rocks has generally
any direct influence on the formation of ores; on the contrary,
it will be understood that between the surfaces of approximate
contact there will often be spaces suitable for the reception of
minerals, and should one or both of the adjoining rocks be metalli-
ferous, and other circumstances favourable, deposits of ore will
be the result.

Where, as at Leadville, Colorado,a great thickness of metalliferous
porphyry or of other similar rock overlies beds of limestone in
which large cavities have been produced by the action of carbonic
acid contained in the surface waters, these may become the
repositories of accumulations of ore which has been washed out
from a superincumbent crystalline rock. In other cases, as in
certain mines of Nevada and Utah, the metalliferous solutions
may have reached the cavern-like receptacles of ore from
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below and through fissures in rocks not readily acted upon by
carbonic acid.

Gash veins would appear to be the result of the action of
waters containing carbonic acid upon certain fissures in limestone,
which subsequently become more or less completely filled with
minerals derived from rocks in their immediate vicinity.

Impregnations may be regarded, generally, as concentrations
by chemical agencies of metalliferous minerals previously dissemin-
ated either through the same or through a neighbouring rock.
This concentration appears to have been often caused by the per-
colation of metallic solutions through the substance of the various
rocks, but as regards “carbonas” these seem to have frequently
arrived from some distance through fissures in direct communica-
tion with lodes.

Stockworks are sometimes little more than patches of crystal-
line rock containing an unusual proportion of an ore which is more
sparingly disseminated throughout its mass; any minute fissures
which may occur in such deposits becoming, as in the case of fahl-
bands, metalliferous by a process of segregation. In certain cases,
however, as at Altenberg, a portion of the stanniferous solution has
apparently reached the stockwork from a distance through fissures
subsequently filled with quartz. As is exceptionally the case
with certain fahlbands, eruptive rocks sometimes contain patches
sufficiently impregnated with an ore to admit of being advantage-
ously worked. Such metalliferous patches are probably in some
cases the result of an originally unequal distribution of an ore
forming one of the constituents of the rock, but there does not
appear to be sufficient ground for believing that ore deposits in
any other form have been directly produced by eruptive action.



PART II.

ORE DEPOSITS OF THE PRINCIPAL
MINING REGIONS.

In selecting for description some of the more important ore
deposits of the world, they will be grouped in accordance with
their geographical distribution, and will be chosen either on
account of their economic importance, or because they exhibit
unusual and instructive phenomena.

The principal deposits of the various mining countries will be
described in the following order : —

EUrROPE—The United Kingdom, France, Belgium, German
Empire, Austro-Hungarian Monarchy, Italy, Greece, Spain, Portugal,
Scandinavia, Russian Empire—Asia in Part.

ASIA AND OCEANIA.—Indian Empire, Straits Settlements,
Dutch East Indies, Japan, &c., Australasian Colonies.

AFRICA.—Algeria, Cape of Good Hope.

NorTH AMERICA.—United States, Dominion of Canada, Mexico.

SoutrH AMERICA.—DBrazil, Chili, Bolivia, Peru, Guiana, &c.

EUROPE.
THE UNITED KINGDOM.
The most important mines of the United Kingdom are situated

in the counties of Cornwall and Devon, in Shropshire, Yorkshire,
Derbyshire, and North Lancashire, as well as in Westmoreland
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and Durham. Mining is also extensively carried on in Anglesea
and various other parts of Wales, in the Isle of Man, in the south-
west of Ireland, and the south and west of Scotland.

ENGLAND.

Silver mines were worked in Britain before the invasion of the
island by the Romans, and gold must have been well known to
the inhabitants of this country before the arrival of Ceesar, since
coins of that metal were then in circulation among them. Caesar
and Strabo agree in stating that the Britons obtained their copper
from foreign sources, and iron is described by the former as being
8o rare as to be sometimes employed as a medium of exchange; a
century later, however, it was so common as to have become an
article of export. Tin was anciently the most important metallic
production of Great Britain, and a desire to obtain possession of
the mines producing it, and thereby becoming independent of the
Pheenician monopoly, appears to have first induced the Romans to
visit the island. About the middle of the sixteenth century
mining was less intelligently conducted than on the Continent, as
we are told by Sir John Pettus® that “ About the third year of
Queen Elizabeth, she, by the advice of her Council, sent over for
some Germans experienced in Mines, and being supplied, she, the
tenth of October, in the sixth of her reign, grants the Mines of
eight Counties, besides those in Wales, to Houghstetter, a German,
&c., whose name and Family still continue in Cardiganshire; and
doubtless we had much of our knowledge from their Predecessors,
who revived this work in Cardiganshire. They also entered upon
another work of Copper at Keswick, in Cumberland.”

In addition to having been long pre-eminent as a tin-producing
country, England was, for a period somewhat exceeding a century,
likewise the largest producer of lead, copper, and iron ores.
Although still yielding a more considerable amount of iron ore
and producing a greater quantity of pig iron than any other
country in the world, as far as the other metals are concerned
England has at the present time various formidable and successful
rivals. Among European countries Spain may be cited as producing
larger quantities of lead and copper, while recent colonial enter-
prise has resulted in the discovery of large and exceedingly rich
deposits of tin ore in Australia.

CorNwALL.—The metalliferous rocks of Cornwall comprebend

1 ¢ Fodine Regales,” 1670, p. 20.
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granite and slates, associated in some places either with hornblendic
rocks or with e/vans (quartz-porphyries), which usually form broad
dykes intersecting indifferently both granite and slate! Granite
occurs in four principal masses, besides several smaller ones, its chief
constituents being quartz, felspar, and mica ; although in addition
to these schorl is everywhere more or less abundant. The felspar
and mica of Cornish granites are of at least two kinds, and the
granitic ground-mass sometimes includes large crystals of both
mica and tourmaline. The granite is for the most part somewhat
coarse-grained, but varies considerably in this respect in different
localities, while the more coarsely crystalline rock is not unfre-
quently traversed by granite veins of a much finer texture.
Spheroidal masses of schorl rock are sometimes enclosed in the
granite. Two distinct series of joints intersect the granite nearly
at right angles, dividing it into approximate cubes, while others,
in intermediate directions, again subdivide it more or less irregu-
larly. The granite of this region frequently exhibits a foliation
which roughly approximates to the contour of the surface and
imparts to the rock a somewhat gneissoid character.

The slates, which are locally known as killas, usually rest on the
granite at a considerable angle, but in some cases the junction is
nearly vertical, while in others the two rocks are, in the immediate
vicinity of their boundaries, considerably mixed. Near the line
of junction the granite is not unfrequently extremely fine-grained,
while the slate often becomes hard and massive, but differs from
the granite in general appearance, as well as in being also much
darker in colour. Veins of granite frequently penetrate the slate,
and masses of the one rock are sometimes enclosed in the other.
In one district, at a considerable distance from any known large
body of granite ¢n sitw, numerous detached spheroidal boulders of
that rock have been found enclosed in slate. No general descrip-
tion can be given of the mineralogical composition of the slates of
Cornwall, since the nature and proportions of their several con-
stituents are seldom constant over any considerable area. Among
their recognizable minerals, however, quartz, felspar, mica, chlorite,
schorl, and hornblende are the most conspicuous. In the vicinity
of granite the slates are frequently of a green, brown, purple, or
violet hue; but at more considerable distances from it they are

1 The metalliferous districts of Cornwall have been more carefully described by
W. J. Henwood than by any other observer, and I have muc{ leasure in
acknowledging my obligations to his work, ‘‘On the Metalliferous Deposits of
Cornwall,” Trans. Roy. Geol. Soc. of Cornwall, vol. v., and to his Address, Royal
Institution of Cornwall, 1871, for much important information.
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often of a grey, bluish-grey, deep-blue, brownish-yellow, or buff
colour, and in some localities contain fossils, chiefly of Devonian age.
Certain of these slates are distinctly crystalline and possess an
imperfect cleavage, while others are highly fissile; all are, however,
more or less interlaminated and veined with quartz. The planes
of bedding almost invariably dip from the granite, the various
layers of slate thus mantling round the slopes of the granitic hills.
Sandstones sometimes occur interstratified with the slates, which
are also occasionally traversed by dykes of diabase.

Quartz-porphyry usually occurs in the form of dykes known
as elvan courses, which are sometimes only a few feet in width, but
are generally much wider. Less frequently elvan has been met
with in apparently isolated masses. Elvan courses traverse granite
as well as slate without interruption, and, in one case at least,
two lodes would appear to have been intersected by an elvan.
Dykes of this rock frequently conform both in direction and dip
to one series of joints in the rocks which they traverse, but are
rarely conformable with the cleavage planes of the slate. Elvan
courses sometimes divide into branches or offshoots, but this
occurs less frequently than in the case of lodes. When enclosed
in slate, elvans are usually, to a large extent, composed of a com-
pact felspathic ground-mass with quartz and a little schorl or
mica, enclosing white, buff, pink, or dove-coloured felspar with
crystals of quartz, which are often double-pointed, and of which
the faces and edges sometimes appear to be slightly rounded.
When passing through granite, quartz and felspar still prevail, and
mica and schorl are abundant, as well as are also porphyritically-
enclosed crystals of felspar and quartz; but the texture of the
ground-mass is usually finer than it is when traversing slates.
In both rocks, however, elvan is coarser in grain near the centre
of the mass than in the vicinity of its sides.

Numerous joints traverse the elvans in all directions, dividing
them into blocks of irregular form; these crevices are in some
cases faced with schorl, while in others they are filled either with
a white or a ferruginous clay. The quartz of elvans contains fluid-
cavities very similar to those found in that mineral when occurring
in granite. Throughout the mining districts of Cornwall the run of
the elvan coursesis a few degrees north of east and south of west, but
in other parts of the county they vary considerably from this direc-
tion. Their dip is less than that of the lodes by which they are
intersected, but greater than the dip of the cleavage planes of the
slates which they intersect.
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The serpentine of Cornwall is traversed by numerous veins and
branches, which sometimes contain native copper, but this metal
does not occur in sufficient quantities to entitle the rock to rank
among the metalliferous series of the county. Veins of fine-
grained granite sometimes penetrate not only the outer edges of
the granitic bosses but also the adjoining fossiliferous rocks, in-
cluding the Culm series. The elvans hold their course straight
through the granite and the granitic veins, and these are again
traversed by veins containing tin and copper ores. The lodes are,
therefore, newer than the elvans, and the most ancient mineral
veins of Cornwall are consequently younger than the Carbon-
iferous period ; they are, however, probably not more recent than
the Permian, since no lodes have been discovered in the sand-
stones belonging to the Poikilitic group.

In certain exceptional instances it might, at first sight, appear
that elvans were posterior to tin veins, but the observations of
Sir H. T. De la Beche led him to an opposite conclusion, and he
has shown how the cases which have been brought forward in sup-
port of that view may be otherwise interpreted.! Tin ore occurs
disseminated through granites, elvans, and slates, as well as
in minute veins in these rocks. Copper ores are sometimes
sporadically distributed through the granites, elvans, and slates
in the same way that these rocks are impregnated with tin ore.
Such impregoations of copper, however, seldom possess any
commercial importance.

The principal repositories of the various ores of Cornwall are
lodes, which consist to a large extent of quartz, and extend without
interruption through every rock of the metalliferous series; they
however, in some degree, partake of the characteristics of the
different rocks through which they pass. Notwithstanding that
workings often extend for considerable distances on lodes corre-
sponding in direction, it is by no means certain that any individual
lode has ever been traced for a length of above a mile. Every
lode throws off branches and strings into the adjoining country
rock, and this frequently occurs to such an extent that instead of
remaining a single ckampion lode the vein becomes divided into a
complex and irregular network. A lode will also often dwindle to
a mere line, while some of its offshoots become enlarged, and finally
exceed, both in size and richness, the vein from which they
originally separated. It is by no means unusual for a lode to
divide immediately at its point of intersection with a cross-course,

1 ¢Report on the Geology of Cornwall and Devon,” 1839, p. 310.
I
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on one side of which it will be united, while on the other it is
divided into several branches.

Lodes which are approximately parallel in direction dip at
various angles or in different ways, and consequently they not
unfrequently intersect ‘one another. The results of such inter-
sections are exceedingly various : sometimes such veins unite and
continue together for some distance, but at length separate. Not
uncommonly one lode is displaced horizontally, or thrown vertically,
by the other, while occasionally both are disordered and lose their
distinctive characters at the point of intersection. Generally speak-
ing, lodes which yield a mixture of the ores of tin and copper
are wider than those which contain ores of only one of these
metals. The lodes of Cornwall are wider in slates than in
the granite, and their average width is greater within 100
fathoms from the surface than at any greater depth hitherto
attained. Henwood furnishes the following figures as the result
of his investigations relative to the thickness of Cornish lodes :—

Lodes yielding ores of both tin and copper average 47 feet in width.
» ”» tin ores . . . . ” 30 ”» ”»

» ,,  copper ores . . . » 29 »
» in granite . . . . . , 31 »
” in slate . . . . . » 37 ”» »
,»  at less than 100 fathoms deep . 39, "
» atmore , P X »

On passing from one rock to another, or from riches to pov-
erty, the width of a lode frequently changes, but under ordinary
circumstances a lode commonly maintains, approximately, its
characteristic breadth. The direction of lodes in the different
mining districts are not perfectly identical, nor are all those
occurring in the same neighbourhood strictly parallel.

The central portions of the county are traversed by two systems
of veins, namely, champion lodes and counter lodes, each of which
maintains approximately its own normal range; but, even in the
most western district, the veins exhibit a certain degree of diver-
gence. Notwithstanding that there is scarcely a point of the
compass towards which some lode is not known to tend, and that
the lodes in many localities have an approximate coincidence,
their mean direction differs materially in various parts of
Cornwall.
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The mean direction of the lodes in different parts of Cornwall
are given by Henwood as follows :—

St.Just . . .85° S.of E, N.of W. : Redruth . . 22°N, of E., S, of W.
St.Jves . . . 8 8.of E.,, N.of W. | St. Agnes . . 22° N. of E., S. of W,
Marazion . . 1°N.of E., 8. of W, | St. Austell . 13°N.of E., S. of W,
Gwinear . . 2° 8. of E, N.of W, | Caradon. . . 18°N. of E,, S. of W,
Helston . . .16° N. of E., S. of W. | Tavistock . . 9°N. of E., S. of W.
Camborne . . 20° N. of E., S. of W.

Their average bearing is about 3° N. of E, S. of W,, a range
which does not materially differ from that of the granite outcrops
which at intervals make their appearance between Dartmoor and
the Land’s End, and also not unlike the course of a line drawn
directly through the centre of the county. Lodes present as
many flexures in their downward course as in their horizontal
direction, and vary in dip from an inclination of less than 45°
with the horizon to 90°; the average being probably about 70°.
Sometimes, although less frequently, lodes dip in opposite directions
in different parts of their range. Both lodes and cross-courses
dip more frequently towards the granite than away from it, and
veins which maintain a nearly meridional direction are in Corn-
wall more highly inclined than those coursing more nearly east
and west.

Lodes intersecting dissimilar rocks obliquely to their line of
junction are sometimes slightly deflected, and for a short distance
occasionally pass between them, but they suffer no interruption
and soon resume their original direction. In such cases the
rocks often occupy corresponding positions on both sides of the
vein; sometimes, on the contrary, a faulting of the strata has
taken place along the course of the lode, and the horizontal and
vertical range of the rocks on its two sides may be very different.
Both the composition and structure of lodes is materially influenced
by the rocks in their immediate vicinity.

Those parts of the lodes of Cornwall which are most uniform in
composition consist chiefly of crystalline quartz containing many
fluid cavities, and in such places a distinctly jointed structure
of the veinstone is frequently apparent; but where the filling
of the vein fissure is made up of more heterogeneous materials
this characteristic is less commonly observed. The quartzose
portions of veins are sometimes divided into combs which
curve, unite, separate, and again fall together in such a way
that, without being strictly parallel, the thicker parts of certain

layers adapt themselves to the thinner portions of others.
I2
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When lodes eoincide in direction with the joints of the enclosing
rock, their walls are usually smooth and well defined, but when
the joints disappear there is generally a gradual transition from
the veinstone to the country rock. Lodes not only afford
instances of foliation parallel to their strike, but they are also
frequently traversed by cross-joints imparting to them, in some
degree, the appearance of horizontal bedding. Fissures in the
vicinity of the line of separation between veinstones and the
country rock are often filled with flucans which, like slickensides,
are frequently scored with curved and unconformable strize.

Maoy lodes, from enclosing portions of the adjoining
country rock, present a brecciated appearance. Lodes of this
character are not uncommon in both granites and elvans, but are
most conspicuous in slates. In some instances these inclusions
have the form of roughly lenticular or sheet-like bodies; oc-
casionally they are sharply defined, while sometimes they appear
to pass by imperceptible gradations into the surrounding veinstone.
Less frequently they are enclosed in successive accretions of quartz,
each distinguishable by some peculiarity of either structure or
colour. Small cavities surrounded by botryoidal concretions of
a.ghte-like silica, often lined with crystals of quartz, occur at in-
tervals between the fragments of included rock. When these
fragments consist of slate, their planes of cleavage are almost
always coincident with those of the enclosing country rock, but
when the country consists of either granite or elvan, the pieces
included in the lode being of the same material, their general
resemblance to the veinstone is so close that their relations are
less easily detected. When such phenomena occur on the line
of contact of different rocks, their planes of junction observed
in the enclosed horses are on precisely the same horizon as
their counterparts in the rock by which the lode is enclosed.
Felspar is abundant in all lodes passing through granites and
elvans, but in slate quartz is the predominating veinstone. The
outcrops and shallower portions of nearly all lodes are usually
to some extent composed of gossan, consisting of an earthy iron
ore mixed with granular quartz, and frequently containing oxide
of tin with other metalliferous minerals.

When tin lodes traverse the granite, their most productive
veinstone is usually pale-green or brownish-red felspar, imperfectly
crystalline, and associated with quartz and schorl; but quartz
and schorl are sometimes abundant ingredients, and occasionally
quartz prevails. The tin oxide is usually present in the form of
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crystalline granules which seldom exceed the size of a pea, but are
more often microscopically minute. In slate tin lodes consist
chiefly of capel or quartzose slate, chlorite, quartz, and schorl,
in thin alternations. The ore is disseminated in even more minute
particles among these minerals than it is in the lodes of which
the country rock is granite. Copper lodes in granite have almost
always an outcrop of gossan, which sometimes extends to con-
siderable depths; but the quartz associated with them is rarely
so friable as it is in similar deposits enclosed in slate. The cavities
which occur in this slightly coherent material often contain earthy
brown iron ore, coloured clays, black copper ore, and malachite.
At greater depths fluor spar is not an uncommon veinstone, while
black copper ore is frequently succeeded by chalcocite, and this
by copper pyrites. In one of the most important mining localities
of Cornwall, the outcrops of many of the lodes were anciently
worked for the tin ore which they afforded near the surface.
On proceeding downwards, however, the tin became gradually
replaced by copper ores, of which the lodes were for some time
most productive repositories ; still deeper, tin ore re-appeared,
and for many years this has been almost the only metalliferous
product of the neighbourhood. Copper lodes in slate often contain
large quantities of spongy, pale-brown or yellowish iron ore,; with a
small proportion of oxide of tin, and iron pyrites in considerable
abundance, with more or less blende and galena. Their other
constituents are quartz, which in the more productive lodes is
often exceedingly friable, and is mixed with prian or felspathic
clay; less frequently with chlorite, and still more rarely with fluor
spar. Near the surface these minerals are often associated with
iron pyrites, earthy black copper ore, and malachite, and these
are succeeded by chalcocite, which, together with all the other
metalliferous minerals, is ultimately replaced by chalcopyrite.
Notwithstanding that the ores of tin and copper often affect
different lodes, and even different rocks, they are, nevertheless,
intimately associated in some of the most productive veins of
the county. Ores of lead for the most part occur at some dis-
tance from the granite, and are principally limited to groups of
lodes traversing slaty rocks in a different direction from those
producing tin and copper.

It has been before stated that the mnost compact portions of
the lodes of Cornwall are chiefly siliceous, and that they are
sometimes composed entirely of quartz; occasionally, however,
the whole substance of a lode becomes metalliferous. The altera-
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tion from poverty to riches is seldlom a sudden one, since the
veinstone in the neighbourhood of large bodies of ore usually
becomes increasingly impregnated with the same mineral as it
approaches the larger mass. In all lodes, whatever may be the
nature of the ore which they produce, the most highly inclined
portions are the most productive; and almost all bodies of ore,
whether of tin, copper, or lead, have an end-long dip, usually
approximating to the foliation of the enclosing granite, or to the
bedding or cleavage-planes of the surrounding slates. Lodes and
branches are frequently richer at their junction with one another
than they are elsewhere; particularly when they come together
horizontally or on their dip so as to form an acute angle. When
lodes of a soft or granular character pass into a rock of more
than ordinary hardness, they frequently divide into numerous
branches; while the same effect is sometimes produced by the
passage of a lode into unusually soft strata.

Rocks possessing a considerable degree of hardness are more
frequently productive of tin than they are of copper, and, both
in granite and in elvan, a well-defined porphyritic structure is
regarded by miners as an unfavourable indication ; while in both
rocks a gradual blending of the included crystals with the sur-
rounding ground-mass is considered an encouraging circumstance.
Transverse joints often exercise an unfavourable influence on the
production of a lode, and a course of ore sometimes terminates
abruptly at such a fissure. During many years the chief produce
of two important and almost adjoining tin mines in Cornwall, was
obtained from deposits of which examples on a large scale are not
met with in other parts of the county. These deposits, which are
locally known as “carbonas,” will be again referred to in connection
with the tin deposits of the St. Ives district.

Veins which chiefly consist of quartz, and which with rare
exceptions yield neither ores of tin nor copper, are in the
St. Just district called guides, while in the neighbourhood of
St. Ives they are known as trawns, and in other parts of
Cornwall as cross-courscs. When such veins consist of clay only,
they are called flucans. In the following table Henwood applies
the term cross-vein to both varieties. The mean directions of
cross-veins in different parts of Cornwall are as follows :—

St.Just . . .26°N.of E, 8. of W. | Redruth. . .35° S. of E., N. of W.
St. Ives . . .38 S.of E, N.of W. | St. Agnes . .39° E. of S., W. of N.
Marazion . . 41° S.of E, N, of W, | St. Austell. . 21° 8. of E,, N. of W,
Gwinear . . 43° E. of S.,, W, of N. | Menheniot. . 3°N. of E., 8. of W.
Helston . . .21°S.of E, N.of W, | Caradon. . .13° E.of S., W. of N.
Camborne . 34° E. of S., W, of N. | Callington . . 48° 8. of E., N. of W.
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Their average bearing throughout the county is about soutb-east to
north-west, which does not differ materially from that of one of the
most distinctly developed series of jointsin the rocks. The average
inclination of cross-veins maintaining the general range is about
80°, whereas that of those which run more nearly east and west
scarcely exceeds 60°. Their dip is more frequently towards the
granite than in the contrary direction.

Cross-veins are wider in granite than in slate, and at great
depths than near the surface.

The mean width of cross-veins in granite averages 49 feet.

» » ”» » SIate » 3.5 »
- ” at less than 100 fathomsdeep 40 ,,
» » at more » » ¥4,

Cross-veins, like lodes, partake of the nature of the different
rocks through which they pass; thus in granite, notwithstanding
the occasional occurrence of quartz, the principal constituents are
the minerals of which granite is composed. In homogeneous slate,
on the contrary, they are not unfrequently flucans consisting of
triturated slate. Sometimes cross-veins are only developed at
certain depths from the surface, and disappear both horizontally
and vertically within very short distances.

Small quantities of copper and silver as well as of the ores of
these and other metals occur in cross-veins, but they are frequently,
although not always, limited to those portions of the vein which
pass through lodes in which such metals and ores prevail. A large
proportion of the richest lead veins in the county of Cornwall
have, however, nearly tlie same direction and mineral characteristics
as the principal cross-veins. Cross-veins, intersecting both the
rocks and lodes through which they pass, when composed of
cavernous quartz, afford almost the only natural channels for
the ready circulation of underground waters; on the other hand
those portions which have been filled with flucan are so thoroughly
impermeable that they are, for this reason, not unfrequently chosen
as the boundaries of areas leased for mining purposes. Slides
have been observed in the schistose rocks of certain mining
districts only.

It is of great importance that the miner should be in a
position to judge whether the chances of successful search for a
severed vein are greatest towards the right or towards the left hand,
aud the following information relative to this subject will not be
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without interest! Out of 272 lodes recorded by Henwood as
being divided by cross-veins in different parts of Cornwall,—

57 or 020 of the whole number were intersected but not heaved.

135 ,, 050 ” » Wwere heaved towards the right hand.
80 ,, 0:30 , n " , left hand.
181 ,, 0:67 » . ” " greater angle.

34 ,, 013 ” " ” »  smaller angle.

The following are the results of the intersection of lodes, affording
ores of different metals, by cross-veins :—

Lodes Lodes heaved towards the
Nntur;sn o:h orle o:i:onhlnod ln:o?ecffd
oode heaved. | Righthand.| Left hand. Qo | Smater
Tinore . . . . ... 0-18 0-56 0°26 0-52 0-30
Tin and copper ores . . 0-37 044 0-19 0-56 007
Copperore . . . . . 0°18 052 030 074 0-08

The mean distance to which lodes of more than two

feet in width are heaved by cross-veins more

than one foot wideis . . . . . . . . . . . 283 feet.
The mean distance to which lodes of less than two

feet in width are heaved by cross-veins more than

one foot wideis . . . . . . . . e o o« . 161 feet.
The mean distance to which lodes of more than two

feet in width are heaved by cross-veins less than

one foot wideis . . . . . . . . . ...
The mean distance to which lodes of less than two

feet in width are heaved by cross-veins less than

onefootwideis . . . . . . . . . . . .. 4°8 feet.

170 feet.

.

Henwood states that there is at least one instance on record of a
lode and a cross-vein alternately intersecting one another at
different depths in the same mine.

Elvans traverse the same districts as the lodes, and owing to
various differences of direction and dip are frequently intersected by
them. The cross-veins cut through elvans and lodes alike, but while
they heave hundreds of the latter they displace scarcely a dozen of

1 The direction of a heave is generally indicated by right and , because the
same expression serves equally well when the dislocation is approached from either side.
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«
the elvans intermixed with them and through which the

Thermal springs of saline waters have at different times
been met with in some of the decper workings in the neigh-
bourhood of Camborne. Among the mines in which such
springs have been observed are those of North Roskear, North-
Crofty, Huel Clifford, and Huel Seton. The waters issuing from
the first two of these localities do not appear to have been
subjected to chemical analysis, but that from Huel Clifford was
analyzed in 1868 by Dr. W. A. Miller.' .

This water issued at a temperature of 125° F., and at the rate
of 150 gallons per minute, in the 230-fathom level ; or at a depth
of 1,320 feet below the sea. Its specific gravity was 1:007, and
the saline coustituents were found by evaporation to amount to
646°1 grains per imperial gallon, consisting of :—

Chloride of lithium . . . . . . . . ... .. 2605
Chloride of potassium with } 1484
alittle chloride of c@sium § * ° * * * * ° ° ¢

Chloride of sodium . . . . . . . . . . . .. 363 61
Chloride of magnesium . . . . . . . . . . . 8-86
Chloride of calcium . . . . . . . . . . . .. 21617
Sulphate of calcium . . . . . . . . ... .. 12-27
Silica .. . . . .. ... 0000 365
Oxides of iron, aluminium, and manganese traces

64545

The workings at Huel Seton have been entirely confined to
the killas or clay slate. In 1872 saline waters issued at the rate
of 50 gallons per minute, and at a temperature of 92° F., from the
eastern fore-breast of the 160-fathom level, or at a depth of about
780 feet below the sea. At this place the lode is not well defined,
and had been driven upon until a cross-vein was intersected, from
which the water issued. A short distance from this point an
elvan course, forty feet in width, is traversed by the same vein. An
analysis of this water afforded me results which may be tabulated
as follows; although, as the state of combination of the various
substances present cannot be positively determined, the system of
grouping adopted may be regarded as to some extent arbitrary.?

Y Report of the Thirty-fourth Meeting of the British Association, 1864, p. 5.

2 J. Arthur Phillips, *“ On the Composition and Origin of the Waters of a Salt
Spring in Huel Seton Mine,” Philosophical Magazine, Fourth Series, vol. xlvi. 1873,
p- 26. .
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The solid matter amounted to 1005'61 grains per gallon, or
14-3658 grammes per litre.

Grains per gallon. |G per litre.

Calcium carbonate . . . . . . 645 *0921
Iron W e e e e 31 0045
Manganese ,, . ... .. trace trace

Calcium sulphate . . . . . . . 212 *0303
Cupric chloride . . . . . .. trace trace

Calcium by e e e e e 473°88 6°7697
Magnesiom ,, . .. .. .. 11-98 ‘1712
Aluminium ,, .. ... .. 6302 9003
Potassium ,, . . .. . .. 643 *0919
Cazsium 5 e e e e .. trace trace

Sodium 3 e e s e e e 409°09 5-8442
Lithium ,, c e e e e e o 8422 *4888
Potassium bromide . . . . . . trace trace

Potassium silicate (K,Si0g) . . 485 0693
Ammonia . . . . . . . ... trace trace

Nitricacid . . . .. . ... trace trace

Total found by addition . . . . 1012°85 14-4623
Total found directly? . . . . . 1005°61 14-3658
Free carbonic acid . . . . . . 261 0373

These waters are remarkable for the large amount of lithium
which they contain, but both Huel Clifford and Hucl Seton Mines
are now abandoned, and the springs consequently submerged.
Minute quantities of the heavy metals, other than copper, were not
sought after.

The mining districts of Cornwall are separable into two
great divisions, that of the West and that of the East; the
former lying to the west of Truro, and the latter to the east of that
city. From the Land’s End a metalliferous country extends al-
most without interruption to the parish of Kea near Truro ; here a
break occurs until we approach the neighbourhood of St. Austell,
where another metalliferous area commences and extends in an
irregular and scattered manner into Devonshire. These divisions
are of very unequal extent, the western being about thirty-six
miles in length with a width from sea to sea varying from six to
fourteen miles, while the eastern extends for a length of nearly
forty-five miles with an average width of about twenty miles.
The area of the eastern region thus exceeds that of the western in

1 The difference between the amount of total solid contents, as found directly,
and that obtained by the addition of constituents, is doubtless to some extent due to
the partial decomposition of aluminium and magnesium chlorides during the drying
of the residue.
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the proportion of two and a half to one; its annual production of
the metals is, nevertheless, so greatly inferior that, in value, they
amount to less than one-fifth of that of the ores raised in the
other division. The principal geological features of the county of
Cornwall are, in their broader outlines, indicated in the sketch map
forming the frontispiece to this volume.

The mining regions of this county have been divided by
Henwood into twelve distinct districts, while Mr. H. C. Salmon
subsequently extended this number to twenty; for the purposes
of the present work it will, however, be found more convenient
to adopt the classification of Mr. Robert Hunt, Keeper of Mining
Records, who in his returns grouped the whole of these districts
into four large divisions :—

Western All those parts of the county west of a line drawn
Division. { from Marazion to Hayle.
, That portion of Cornwall west of a line drawn
West Central { from the Dodman Point to Padstow, and east
of Marazion and Hayle.
That part of the county lying west of a straight
East Central line drawn from Looe through Liskeard to the
Division. boundary of the county, and east of the
Dodman and Padstow.
This division is bounded on the west by a line
Eastern - drawn from Looe through Liskeard to the
Division. boundary of the county, and extends eastward
to the River Tamar.

Division.

Western Division.—The more important mines of this division
of the county are situated in the vicinity of the towns of St. Just
and St. Ives. In the neighbourhood of the former the principal
mines are comprised within an area six miles in length and three
in breadth, about a mile south of Cape Cornwall, forming at this
point the extreme western limit of the county, and bounded by the
Atlantic Ocean. They are, for the most part, situated in the parish
of St. Just, and have long been celebrated from being perched on
the sides of perpendicular cliffs, and from being excavated for long
distances under the bed of thesea. The country inland is composed
entirely of granite ; but nearly parallel with the coast and coinciding
with the metalliferous ground, this rock forms a junction with
clay slate, largely and confusedly intermixed with foliated horn-
blendic rocks. The older workings, which are of very remote date

1 Mining and Smelting Mayg., vol. v., 1864, p. 260,
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were entirely confined to the granite, which is exclusively productive
of tin ; but more recently the slates and their associated hornblendic
rocks have also produced large quantities 6f copper ores. Some lodes
are exclusively productive of tin ore in the granite and of copper
ores in the slates; Henwood states that at Botallack one of the
lodes was found to pass three times from granite to slate, and
in each cade, to contain tin ore only in the former, and copper ores
only in the latter rock. In thisneighbourhood, the intersections of
the different veins by one another are sometimes attended with
complicated and somewhat obscure phenomena. In a few cases the
heaves are regular, but they are generally far from being so, and
not unfrequently a lode which has continued rich up to its contact
with a cross-vein has never been discovered on the other side. As
is the case in other localities, the lodes of St. Just are not productive
throughout their whole extent, and when poor they are usually
small ; poverty appeating to be often accompanied by a diminution
of size. The containing rock, which is everywhere in this neigh-
bourhood very hard, often becomes still harder when impover-
ishment takes place. In all the veins of this part of Cornwall the
shoots of ore dip from the granite, orif they occur in that rock their
direction is towards the slate. The direction of the lodes, and this
general disposition of the ores, hdve had the effect of directing many
of the workings towards the sea, and several of the mines are wrought
to some extent beneath the bed of the Atlantic. At Little Bounds,
Botallack, and Huel Cock the miners have been tempted to follow
the ore upwards to the sea, but the operiings made being fortunately
small and the rock hard,a covering of wood and cement in the two
former cases, and a plug of wood in the latter were sufficient to ex-
clude the water and to secure the workings from inundation. The
extent to which the excavations of some of the minesin the St. Just
district have been prosecuted under the ocean, will be understood
when it is stated that the diagonal shaft on the Crowns Lode at
Botallack has a total length of 345 fathoms for the most part
beneath the sea, passes through a very hard hornblendic rock at
an inclination of 32}° from the horizon, and occupied four years in
sinking.

Botallack was worked as a tin mine, under a perpetual grant
from the Boscawen family, from 1721 to 1735, when the sett was
relinquished. Subsequently to this the mine was again opened,
and in 1816 was the richest in the county. It was afterwards
worked as a copper mine, but in 1844 was again about to be aban-
doned; a rich copper lode was, however, discovered at this time,
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and in the following year the undertaking had again become
prosperous.

The production of tin and copper ores at Botallack during
thirty years, divided into decades, together with the value of the
yield of each several ten years, is given below.

Tin Ore. Copper Ores.
Tons. £ Tons. 2
Ten years to the end of 1861 1,495 112,331 7,438 85,984
s ” 1871 4,020 265,652 3,116 24,481
” ”» 1881 3,868 190,704 1,869 16,752

In these mines, as well as at Huel Edward and at Levant, the
dashing of the waves against the cliffs, and the grating of the
shingle on the bottom, can be heard even in moderate weather.
The quantity of underground water throughout the neighbourhood
is extremely small, and notwithstanding that it is somewhat salt
in the workings extending beneath the sea, the amount is not
perceptibly greater than in mines situated at some distance inland.

The, St. Ives mines, on the opposite side of the Land’s-End
mass of granite, occupy a position somewhat analogous to those of
St. Just. The granite forms a similar junction with the clay slate
or killas of St.Ives Bay, which is in the same way much intermixed
with various hornblendic rocks. The lodes, which occur in both
granite and slate, are in the former exclusively productive of tin;
while in the latter, as well as in the hornblendic rocks, copper ores
often predominate. Little or no copper is, however, at present,
raised in this neighbourhood, and its production of tin is much
less important than formerly, since many of the most extensive
mines, having ceased to yield remunerative returns, are no longer in
active operation. The extreme length of this mining field in a
north-westerly direction skirting the granite, is about four miles, and
its greatest width nearly three miles. It includes the larger pro-
portion of the three parishes of St. Ives, Lelant, and Towednack, and
possesses some marked peculiarities ; one of the most notable being
the presence of carbonas or extensive impregnations of tin ore ex-
tending from some of the lodes into the neighbouring granite.
Large and rich masses of tin ore have also, from time to time, been
met with surrounded on all sides by hard granite, and apparently
unconnected with any lode or vein.

The direction of the lodes is rather to the N. of E. and S. of
W., while that of the cross-courses is within a few degrees of N.
and S., having approximately the strike of the joints of the
adjoining rock. The veins worked in granite usually produce tin
ore, while those in slate, although, sometimes also yielding tin
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more frequently afford copper ores. Tin has, however, always
been the staple product of the mines in this neighbourhood.

The most remarkable mine in the western division of Cornwall
is, perhaps, St. Ives Consols, which is situated in granite, although
at only a short distance from the junction of that rock with horn-
blendic schists and quartz-diabase, which appear immediately to
the east, where they overlie the granite as seen in some of the

’
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Fig. 44.—Standard Lode and Carbonas, Bt. Ives Consols; after H. C. S8almon.!

eastern shafts. It lies immediately west of the town, and the
principal lode traverses the bottom of a valley through which flows
the stream falling into the sea at St. Ives. The vein which passes
through the valley above referred to, is known as the Standard Lode,
and is nearly vertical, its bearing being a little N. of E. and S.of W.
The accompanying transverse section of this lode, Fig. 44, shows ho¥

1 Mining and Smelting Magazine, vol. iii. p. 140.
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alightly its course downwards varies from the perpendicular, as well
as its connection with the various carbonas,

The Standard Lode has been worked to a depth of 177 fathoms
below the adit level, which is itself twenty fathoms from the
surface, thus making the total depth of the mine nearly 200
fathoms. In the lower levels this lode is hard and unproductive, so
that but little has been done at that depth, and the workings in
the bottom have been many years abandoned. The Standard has,
in the aggregate, been a very productive lode, although it is
nowhere large, and probably does not average more than four and
a half feet in width, although varying considerably in this respect.
It is chiefly composed of quartz, chlorite, decomposed granitic
matter, and schorl ; the latter being plentiful where tin is abundant.

The most striking feature of this mine is, however, the extra-
ordinary deposits of tin ore which have been found south of the
Standard Lode and to which the name of “carbonas” has been
locally given. Fig. 4+ affords some idea of the way in which these
carbonas branch off from the Standard Lode. One of them, called
Lawry’s Carbona, shoots off at the 57-fathom level, dipping rapidly
as it goes south, and forming stanniferous flats of various dimensions
which have been worked by a series of irregular caverns, very
unlike the openings resulting from ordinary mining operations,
Another, uniting with the Great Carbona, goes off at the 77-fathom
level ; and at about forty fathoms south of the Standard, the level
driven on the western cross-course intersects what is called Kemp’s
Lode, bearing nearly north and south, which is itself apparently part
of a carbona. This so-called lode was driven upon for some
distance until it came in contact with Noal's Lode, and with flats
and droppers coming down from Lawry’s Carbona at its junction
with which the whole opened out into one of the most remarkable
deposits of tin ore ever discovered in Cornwall.

Many of the workings are in the form of enormous caverns
from 60 to 75 feet in height and equally wide. The workings on
the Great Carbona were destroyed many years ago by an accidental
fire which consumed the supporting timbers, and after burning for
more than six weeks, at the end of that time, left the whole in a
state of utter ruin. All the carbonas occur south of the Standard
Lode, and wherever they are productive they are characterized by
the presence of large quantities of schorl.

The workings on Daniel’s Lode are remarkable for their immense
width, which often reaches upwards of forty feet, although when
unproductive it is barely traceable. This deposit although generally
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called a lode evidently belongs to a class of impregnations much
resembling those known as carbonas. St. Ives Consols is now worked
above the adit level only, and a large portion of its produce is
obtained from the treatment of ‘ halvans;”' in 1881 it yielded
52 tons 12 cwts. 2 qrs. 23 1bs. of concentrated tin ore (black tin) of
the value of £2,755.

The total production of the mines of the western division of
Cornwall during the same year was, according to the statistics
published by the Mining Record Office, as follows :—

Weight. Value.
Tons owts. qrs. £ s. d
Black Tin 1362 8 2 73395 19 8
Copper Ore 1,190 1 0 8127 13 9
Totals ., 2,552 9 2 81,523 13 5

West Central Dirision.—This extends over a much larger area
than the western division, and comprehends a great proportion of
the most important mines in the county.

Those near Marazion are situated in a basin of killas stretching
from that town eastward along the coast of Mount’s Bay for a
distance of upwards of four miles to the mass of granite culminating
at Tregoning Hill. Its width from the sea inland is about three
miles, comprising the parishes of St. Hilary and Perranzabuloe,
with parts of Breage and Germoe. The mines distributed over
this district have, in the aggregate, yielded large quantities of
copper and tin, but principally the former, which appears to
generally occur in the vicinity of elvan courses; the district has not,
however, been characterized by any very deep or permanent mines.

The mines of the Breage and Sithney district occupy a killas
basin lying between the granite of the Tregoning and Godolphin
Hills and the larger granitic mass of the Wendron range. It isvery
restricted in length, since it skirts the smaller mass of granite from
north te south without extending any considerable distance east-
ward. It includes the larger portions of the parishes of Breage
and Germoe with a part of Sithney, and is almost exclusively a
tin-producing area, having yielded some of the richest and deepest
deposits of tin ore which have been found in Cornwall. Although
this district consists principally of killas, its granite has also
yielded tin.

In the parishes of Gwinear, Crowan, Phillack, and St. Erth are

1 Refuse ore thrown aside as not being, at the time, sufficiently rich to pay the
expenses of treatment.
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various copper mines which are usually productive in the neighbour-
hood of elvan courses. The country rock is generally slate, varying
in colour from blue to pale buff, but sometimes made up of alternate
blue and white laminz. At Relistian the slate contains numerous
spheroidal concretions, some of which are apparently composed of
slaty material, while others are entirely quartzose. In the neigh-
byuring mine of Herland, at a depth of about 110 fathoms, numerous
nodular masses of granite have been found enclosed in the killas.
These, which vary from half an inch to three feet in diameter, are
composed of a fine-grained granite, the felspar of which is much
decomposed. They are entirely surrounded by clay slate, and have
no apparent connection with one another. Elvan courses and dykes
of “greeustone” are numerous in this neighbourhood, and the
clvan often contains a large quantity of schorl. It is sometimes
stanniferous, and has in a few localities been worked for the tin it
contains. At Parbola the elvan is everywhere traversed by minute
strings of tin ore. A striking characteristic of the lodes in this
part of Cornwall, which is very unusual in other parts of the
county, is that they, as well as the contiguous rocks, contain large
quantities of the globular concretions already noticed. Copper
pyrites and copper glance are the most abundant minerals, but tin
ore is, to some extent, found in a large number of the mines.

The mining districts of Wendron, Camborne, Redruth, and
Gwennap are in connection with the great granite range of Carn
Menelez and the two smaller associated masses of Carn Brea and
Carn Marth. The Wendron mines are situated in the granite of
the Carn Menelez range, and are principally in the parish of
Wendron, although they also extend into the parishes of Sithney,
Crowan, and Constantine. This is a wild moorland district, and
although producing considerable quantities of tin ore it does not
possess any very characteristic mining features.

Some of the mines of the Camborne district are at the present,
time the richest in Cornwall, and are comprised within those
portions of the parishes of Camborne and Illogan bounded on the
east by the valley which divides Illogan from Redruth ; on the
south by a line passing through the rldges of Carn Brea, Carnartben
Carn, and Camborne Beacon; on the west by a line drawn from
Camborne Beacon to about half a mile north of Camborne Church ;
and on the north by the highway from Camborne to Redruth. The
prevailing rock is granite, which rises on the south into an elevated
range of hills, whose northern slope is covered by killas traversed
by various elvaus, lodes, and cross-courses, The mines of this

K
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neighbourhood are the deepest in Cornwall, and are remarkable for
being at great depths as rvich for tin as they were formerly for
copper in the shallower levels.

The following table, giving the annual production of copper and
tin ores at Dolcoath Mine from 1849 to 1881 inclusive, indicates the
very gradual way in which this undertaking has become transformed
from a copper mine to one producing tin ores only. The shallower
levels of this mine were driven exclusively in killas, while the
deeper workings are entirely in granite. In killas the lodes pro-
duced large quantities of copper ore, but upon entering the granite
this ore became rapidly replaced by cassiterite. At the present
time Dolcoath is the deepest mine in Cornwall, the engine shaft
having reached a depth of 400 fathoms.

CorpPER ORE. Tix ORE.
Year.

Tons. Value. Produce. Tons. Value.

£ £

1850 1,115 4,909 63 —_ —_

1851 801 3,266 (] —_ —_

1852 832 3,344 5 —_ —_
1853 1,040 4,920 5 360 22,680
1854 992 4,313 43 363 25,261
. 1855 711 [ 2,634 4 352 23,169
1856 617 | 1,998 8] 416 30,727
1857 566 2,430 4% 544 42,880
1858 598 3,085 6y 635 41,859
1859 757 3,631 58 724 53,506
1860 712 2,426 4 805 64,974
1861 417 1,589 4% 864 63,862
1862 508 2,367 53 986 66,220
1863 636 3,029 61 1,026 69,741
1864 621 38,289 6} 1,030 66,959
1865 607 3,510 78 944 53,238
1866 688 3,512 7% 919 46,120
1867 267 1,068 53 848 46,169
1868 153 863 8l 984 55,847
1869 153 648 63 813 59,694
1870 57 224 — 1,034 78,601
1871 86 326 63 1,070 95,373
1872 50 234 —_ 1,289 113,114
1873 16 72 —_ 1,045 82,501
1874 73 410 —_ 1,121 65,558
1876 — - —_ 1,241 65,346
1876 41 163 —_ 1,263 56,825
1877 30 112 —_ 1,404 59,180
1878 14 28 —_— 1,539 55,902
1879 —_ —_ _ 1,780 71,216
1380 —_ —_ —_ 1,736 93,702
1881 —_ — —_ 1,816 102,039
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ProbvcrioN FroM 1852 TO 1881.

Copper Ore. Tin Ore.
Tons £ Tons. 2
Nine years ending 1861 . 6,410 26,926 5,063 368,918
Ten ’” 1871 . 3,776 18,826 9,654 637,962
»» ” 1881 . 223 1,019 14,214 764,383

During thirty years, namely, from 1851 to 1881, East Pool
Mine, near Camborne, produced ores of the following weights and
values :—

Copper Ore. Tin Ore.
Tons. £ Tons, £
Ten years to end of 1861 . 20,208 100.417 416 25,895
” ’ 1871 . 22,444 72,333 2,174 129,961
” ” 1881 . 18,603 55,054 6,161 283,806

Among the most remarkable phenomena exhibited in this part
of Cornwall are the alternations and mixtures of granite and
slate which occur near the line of junction of the two rocks in
the mines of Cook’s Kitchen, Tincroft, Dolcoath, and Carn Brea.
In the southern part of Cook’s Kitchen a friable, coarse-grained
granite appears at the surface and continues downwards to a depth
of about thirteen fathoms, where it is succeeded by a bed of slate
which reaches a depth of thirty-nine fathoms. The upper portion
of this mass of slate is of a deep blue colour, and has a distinctly
crystalline structure, showing, somewhat obscurely, evidences of
foliation. ~Lower down it becomes gradually more micaceous,
and shows well-defined planes of cleavage. Veins of granite
penetrate both the upper and lower surfaces of the slate. Below
this there is a bed of fine-grained granite ten fathoms in thick-
ness, containing a large amount of schorl, beneath which masses
of granite and of slate alternate in a very irregular way. The
transitions from one to the other are sometimes gradual, while
at others they are very abrupt, and in nearly all cases the slates are
traversed by veins of granite.

At Tincroft the granite goes down to a depth of twenty-six
fathoms from the surface, at which point the slate makes its
appearance, and continues without interruption to a depth of
eighty-four fathoms, where at length the main body of the granite
appears.

At Dolcoath a large mass of hard slaty rock has recently (1882)
been met with in the 352-fathom level, east of the new eastern
shaft, at a total depth of 380 fathoms from the surface. This slate
is included in the granite 240 fathoms below the point where that
rock was first cut into by the workings, and 310 fathoms below the

K 2
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sea level. This enclosure closely resembles the ordinary killas of
the district, and on comparing thin sections of the two, as seen
under the microscope, their identity becomes at once apparent.

The Redruth and Gwennap district immediately adjoins, on the
east, that of Camborne, so that an arbitrary line only can be drawn
between them. The district includes the parishes of Redruth
and Gwennap, with parts of Kenwyn, Kea, and St. Agnes. It is
essentially a copper-bearing neighbourhood, and formerly produced
very large quantities of that metal, but for many years its pro-
ductiveness has gradually fallen off, and many of its once rich
copper mines may now be regarded as exhausted. The Great
Consolidated Mines of Gwenunap in the course of twenty-one years
(1819—1840) sold ores to the value of £2,254,483, of which
£480,156 was divided as profit. Some important mines were
formerly worked along the north coast of the county in the parish
of St. Agnes, and in the western portion of Perranzabuloe. They
have been largely productive of tin and copper, the ores of both
metals appearing to be most frequently met with in the vicinity
of e¢lvans.

The Great County Adit of Cornwall empties itself into the
Carnon stream, which falls into Restronguet Creek, and extends to
many of the mines in the vicinity of Redruth. Its greatest depth
from the surface is seventy fathoms, its total length, including
branches, thirty miles, and the level of its mouth above high water
thirty-nine feet. It is at present of comparatively little importance,
as many of the principal mines in connection with it are worked
out and abandoned. Many years ago it drained an area of 5,550
acres, and discharged on an average 1,450 cubic feet of water per
minute. A little copper is sometimes obtained from the waters of
this adit by precipitation by scrap-iron.

Numerous lead veins, running in almost every direction, occur
in a district lying north of Truro and comprising a Jarge portion of
the parishes‘of Perranzabuloe, Newlyn, Cubert and Crantock. This
region has produced one or two rich lead mines, and several
moderately productive ones. For a long time East Huel Rose was
the most productive lead mine of this district, but eventually it
was submerged by an accidental influx of surface water during a
flood. It subsequently remained unworked for many years, but
has quite recently been again set in operation. Its production
from 1844 to the end of 1861 was as follows :—



PART 1L] ENGLAND. 133

Year. Lead Ore. Lead. I Bilver.
1

Tons. Tons. Oz.
1845 7,883 4,729
1846 5,191 3,114
1847 6,424 3,854
1848 5,333 3,191
1849 4,759 2,856
1859 | 4,205 2,524
1851 3,193 2,234 |
1852 [ 2,381 1,607 43,000
1853 1,357 925 27,499
1854 1,215 82 24,629
1855 2,343 1,510 46,760
1858 i 2,691 1,776 53,280
1457 1,199 791 23,739
18358 | 725 416 10,400
1859 ! 728 386] 13,090
1850 607 322 10,948
1841 147 66 2,376

This mine sold copper ore in the following years :—

Tons. £
1850. . . . .67 Value. . . . . 734
1851. . . . .93 w e e . . .T89

West Chiverton was another important mine in this neighbour-
hood, and commenced selling lead ores in 1859 ; the following were
its most productive years :—

Year. Ore. Lead. Bilver.
Tons. Tons, Oz.
1866 38,166 1,970 66,950
1567 4,082 3,061 130,624
1868 4,516 3,387 144,512
1869 4,707 8,529 150,504
1870 4,777 3,582 - 161,190

In 1881 its production only amounted to 177 tons 3 cwts. of
lead ore, containing 1,747 oz. silver, and having an aggregate value
of £2,120.

In this section of the county there are also lead veins at Swan-
pool and Pennance, near Falmouth, and others near Porthleven,
south-west of Helston.

Park of Mines is situated three miles south of St. Columb
on the west side of the road leading from that town to Truro, and
has at various times yielded a considerable amount of tin ore from
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deposits of a somewhat unusual character! The enclosing rock is
killas, which may here be defined as a grey, buff, or white indurated
schist, dipping at an inclination varying from 30° to 80°in a general
northerly direction. The north-western corner of the great granite
range which lies to the north of St. Austell extends to within
three-quarters of a mile of this mine. Numerous small veins,
generally dipping east, traverse the killas from north to south, and

F1a. 45.—Horizontal section, Park of Mines.

usually vary in width from the thickness of a common table-knife
to a quarter of an inch. These are mainly composed of quartz, but
the killas for a distance of from half an inch to two inches on each
side has been blackened and hardened by an impregnation of
schorl.

The tinstone of the Park of Mines has apparently been derived
from lateral offshoots of the north and south veins, as in the

F1a. 46.—Ver.ical section, Park of Mines.

proximity of these strings lenticular masses of tin ore occur
interposed between the bedding planes of the killas.

The mode of occurrence of the tinstone at Park of Mines will be
best understood by referring to the above diagrams. Fig. 45
represents, in horizontal section, a north and south vein, a b, as
seen at the twenty-fathom level, with layers of tinstone which
rarely extend for a distance of more than six feet on each side of it.
Fig. 46 is a vertical section on the line ¢ d, showing the beds of

1 C. Le Neve Foster, Miners’ Association of Curnwall and Devon, 1875, p. 22.
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killas dipping north at an angle of 70°, with interposed lenticular
masses of tin ore. The stanniferous zone in this particular case
extends about seven fathoms from north to south, and ten fathoms
along the line of dip. The lenticules of tin ore do not usually
exceed two inches in thickness at their widest part; the whole mass
of killas and tinstone being consequently worked away together
and sent to the surface to be stamped and dressed. Occasionally
the thickness of tinstone reaches nearly a foot, the only minerals
associated with it being schorl, quartz, and kaolin. The killas near
the boundary of the stanniferous layers is usually stained by oxide
of iron, and consequently red killas is regarded by the miners as a
favourable indication of their near approach to a deposit of tinstone.
The workings of this mine, which extend over an area of about an
acre only, have been prosecuted to a depth of about forty-five
fathoms. In 1874 the Park of Mines yielded 231 tons of black tin.

The production of ores from mines in the West Central Division
of Cornwall was during the year 1881 as follows :— ~

Weight. £ Value.

Tons cwts. qrs. £ s d.
Black tin 9,088 16 0 504,376 3 11
Copper ore 111,243 13 0 39,288 1 5
Lead ,, 297 0 1 3,268 10 0
Zinc ,, 7,792 17 3 23,565 2 0
Silver ,, 112 2 175 0 0
Iron 3257 0 O 1,869 10 0
Iron pyrites 957 3 0 467 3 6
Wolfram 49 5 0 495 8 0
Totals . . . 32,687 7 -2 573,504 18 10

East Central Division—The St. Austell mining district com-
prehends the whole of the St. Stephens and Hensbarrow range
of granite, together with a band of killas surrounding it on all sides,
averaging in width about three miles. On the south this district is
bounded by the sea, extending from the Black Head to Tywardreath,
on the west to St. Denis, on the north nearly to Bodmin, and
on the east to Lostwithiel. It comprises parts of the parishes
of St. Ewe, St. Mewan, St. Austell, St. Blazey, Tywardreath,
Lanlivery, Lanivet, Luxulyan, Roche, St. Denis, and St. Stephens,
The mass of granite, which is here very large, exhibits
the same characteristics as those of the western districts, and
frequently contains much schorl. This neighbourhood supplies
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nearly the whole of the china clay and china stone sent from
Cornwall to the Potteries, or which is exported to other countries.
This district was formerly very productive for both tin and
copper, but at the present time all the principal copper mines have
been suspended, and Huel Eliza, a mile and a half east of St. Austel!,
is now the only rich tin mine working in this part of the county.
Small quantities of tin are, however, still annually obtained from
the granite in what is known as the St. Austell-Moor district.
The once cclebrated tin mines of Polgooth and Hewas were worked
in the belt of killas a little south-west of the town of St.
Austell, while in the same rock, to the east, were the tin mines of
Bucklers and the copper mines of Pembroke, E1st Crinnis, Mount,
and Fowey Consols, all of which have long since ceased working
upon an extensive scale. The well-known tin mine of Beam,
situated in the granite, is no longer in operation, and the
great open cutting at Carclaze is worked chiefly for china
clay.

The granite throughout this district is traversed by innumer-
able schorlaceous veins, which, although generally very small,
almost invariably contain a certain proportion of tin oxide. The
tin ore is, however, seldom confined exclusively to such veins, but
is generally disseminated throughout the substance of the contigu-
ous rock, into which, although the line of separation is usually
distinguishable, the veins frequently pass by imperceptible grada-
tions. The killas of this district is fine-grained, with a silky lustre,
and schistose structure. Its colour is usually blue, varying con-
siderably in intensity, while its prevailing dip is towards the
south-east. In many places it abounds with beds and veins of white
quartz. Dykes and irregular patches of an altered doleritic rock,
now represented by various greenstones, penetrate the slates of
wany parts of this district. Elvan occurs in the sea-cliff at Polruddan,
and extends through Hewas Mine to beyond Tolgarrick, in the
parish of St. Stephens. At Stennagwyn, in that parish, there is 3
remarkable impregnation of the granite with tin ore, of whicha
portion is in the form of tin sulphide or stannite. A small quantity
of black tin has on various occasions been obtained from this
locality, but the whole of the stannite is lost during the operation
of dressing.

The direction of the lodes in this neighbourhood is usually 8
few degrees S. of W., but there are others which bear nearly S.E.
and N.W,, thus closely approximating to the direction of the
counter lodes in the western parts of Cornwall. There are but few
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cross-courses or cross-flucans in the district; but at Polgooth a
flucan heaves the lodes and elvan a distance of thirty fathoms, and
in the same mine the St. Martins and Screeds Lodes both appear
to be displaced by an elvan course, a phenomenon which is believed
to be without parallel in the mines of the county.,.,.

At Restormel, near Lostwithiel, there is a large iron lode bearing
about 15° W. of N., and dipping E. 75°. It varies from two to four
fathoms in width, and is generally divided into two branches by a
band of slate. Workings have been extended on the course of this
lode for a distance of nearly two miles, but their depth is generally
inconsiderable. The chief produce of this vein is hamatite, with a
little black oxide of manganese, while giothite, associated with
quartz, occurs as crystals lining numerous druses disseminated
throughout the veinstone. The shoots of ore met with in the
neighbourhood of St. Austell usually dip from the granite.

Fifty years ago among the most prospcrous and well-managed
copper mines in the killas of this district were those of Fowey
Consols, situated in the parish of Tywardreath. The lodes in this
locality sare much contorted in length and depth, and are remark-
able for the number of junctions they make with one another in
their downward course. The enclosing killas, which is of a pale
blue colour, alternates with bands of felsite, while the veinstone is
principally composed of milk-white quartz, often enclosing angular
fragments of , the country rock. Iron pyrites and spathose iron ore
are frequent constituents of these lodes ; the other minerals present
being various ores of copper, with bismuthine, the latter occurring
in larger quantities in this mine than in any other locality in
Cornwall. The extent of these mines is very considerable, since
some of the lodes are believed to run through the sett for a
distance of above a mile. From August 1815 to the end of the
year 1841, these mines returned 234,486 tons of copper ore, which
sold for £1,442,683, and out of this amount the profit paid to the
shareholders was £179,995, leaving a large reserve fund not divided.
The estimated value of plant and machinery was, in the latter
year, about £55,000, but shortly after this date the annual produce
gradually fell off, and the mines were finally abandoned in 1868,
The year of their greatest production was 1838, when they
yielded 15,254 tons of copper ore, produce 9§, value £85,434.

This region once afforded a larger supply of stream tin than
any other part of the county; but the more extensive stream-works,
such as the Happy Union at Pentewan, Huel Virgin in the
St. Austell Valley, and those in the vicinity of the Jamaica Inn,
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being all exhausted, a comparatively small quantity of this class of
tinstone is now obtained from the district.

The tin streams of Cornwall have been long known to afford
occasional specimens of gold, but not in sufficient quantities to
make its collection a matter of any importance.!

Various lodes yielding small quantities of lead and copper ores
have, from time to time, been, to some extent, explored in the tract
of country extending along the north coast from St. Columb to
beyond Camelford; but although small bunches of ore have
occasionally been found, no adequate results have yet been obtained
for the money expended.

The total production of the mines of the East Central Division
of Cornwall during the year 1881 was, according to published
statistics, as follows :—

Weight. Value.

Tons cwts. qra, £ s d.

Black tin 658 15 3 38,566 16 0
Copper ore 134 8 0 681 7 3
Silver ,, 4 6 1 183 7 0
Iron » 4203 0 0 2572 1 0
Totals . 5,000 10 0 41,903 11 3

Eastern Division.—The mines of the Caradon district are chiefly
included in the parishes of St. Cleer and Linkinhorne, and are
situated in a granitic area forming, for the most part, the southern
border of the Bodmin-Moor mass of granite, but including also its
southern and south-eastern junction with the killas, This formation
is here much intermixed with hornblendic rocks, while both it and
the granite are occasionally traversed by courses of elvan. In
addition to the slaty rock thus skirting the granite, a tract of
slate nearly a mile in length and having somewhat less than half
that width, a little to the south-east of the Cheesewring, is repre-
sented as being completely surrounded by granite. That this
comparatively small patch of killas is, to a very large extent,
encircled by granite, appears to be certain ; but that it is completely
severed from the great body of sedimentary rocks lying to the east
has never been conclusively proved. Within the boundaries assigned
to this area of killas the hanging wall of the Pheenix Lode, to a
depth of thirty-five fathoms from the surface, consists of slate, while

! In his Survey of Cornwall, 1602, Richard Carew says, ‘‘ Tynners doe also find
little hoppes of Gold amongst their Owre, which they keepe in quils, and sell to

the Goldsmithes oftentimes with little better gaine than Glaucus exchange.”—Book
ip7.
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the foot wall is wholly of granite; but at all greater depths both
walls are composed of granite. The shallower parts of various other
lodes in this immediate neighbourhood are also bounded by slate
on their south side and by granite on the north; the same is the
case at Sharp Tor, north of Pheenix. At Marke Valley, three
quarters of a mile to the south-east, the lode, which dips towards
the north, has slate as its hanging wall to a depth of thirty-six
fathoms, while the foot wall is of granite ; but at all greater depths
the walls on both sides are of granite. The slate which forms the
hangmg wall of the Pheenix Lode, to a depth of thirty-six fathoms,
is very quartzose, but contains ﬁakes of mica, with a few fragments
of felspar, and occasional needles of schorl. Its colour is pink, buff,
or light grey, but it is sometimes mottled with spots of crimson or
of brick red; it is often coarse-grained, and is occasionally much
contorted.

The outcrops of the lodes on the southern slope of the granitic
range at West Caradon and South Caradon, consist of soft pale-
brown or reddish-brown gossan, with friable quartz, decomposed
granite, chlorite, and a little fluor spar. Where the structure is
celiular, nests of clay, black oxide of copper, and malachite often
occur, as well as small patches of iron pyrites, mispickel, and
various ores of copper, together with cuprite, and small plates and
ramifications of native metal. In the deeper portions of the same
veins, quartz, felspar, and chlorite, with occasional masses of granite,
are still the chief constituents ; but brown iron ore, although some-
times present in small quantities, is less plentiful, while fluor spar
becomes more abundant. At the same time the copper glance,
cuprite, malachite, and black oxide of copper gradually disappear
in depth, while the quantities of fluor spar and copper pyrites
increase. These lodes contain no appreciable amount of tin ore.
At Stowes, Pheenix, South Pheenix, Dunsley Pheenix, and Marke
Valley, the lodes have, besides ores of copper, afforded tin ore,
but contain no fluor spar; those of the Caradon Mines, on the
contrary, have yielded large quantities of copper ore, and contain
much fluor spar, but give little or no tin.

Several of the principal lodes in this district afford abundant
evidence of the original fissure having again opened, subsequently
to its becoming more or less completely filled with various
crystalline minerals. The great lode at the Pheenix Mines may be
cited as an example of a vein of which the constituents were
deposited during two perfectly distinct periods. The first forma-
tion was stanniferous, and was attended with the production of
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capels; the second mainly consisted of quartz, associated with
various ores of iron and copper.

One of the lodes at South Caradon has in the same way
resulted from a kind of double deposition. In this case the first
formation is rich in copper ores, while the second is composed
chiefly of drusy quartz, with fluor spar and iron pyrites.

Three of the principal mines in the Caradon district yielded
copper ores to the following amounts and values, during the several
periods stated in the following table :—

Tons, 2
South Caradon—ten years to end of 1861 41,790 429,551
” ” ” 1871 60,794 491,782
”» »» »» 1881 57,389 361,413
West Caradon ’» » 1861 39,464 342,684
” " ’» 1871 13,341 79,988
» » ” 1881 1,663 5,936
East Caradon " . 1871 39,001 194,926
” " ” 1881 10,425 53,494

During the year 1881 these mines made the following returns
respectively :—

tons cwtas. 2 s. d Produce.
South Caradon . . . . . 5,185 9 27,609 3 2 (23
West Caradon . . . . . 227 8 804 14 6 63
East Curadon . . . . . . 118 19 533 16 8 71

The lead veins of the neighbourhood of Liskeard are situated in
the parishes of Lanreath and St. Pinunock, three and half miles S.W.
of the town, and seven miles from the Caradon granite ; and in the
parish of Menheniot, about one and half mile S.E. of Liskeard. The
latter district extending from Butterdon, nearthe Callington turn-
pike to within half a mile of Menheniot Church. The Lanreath
and St. Pinnock district is a very small one, being scarcely a mile
long, by one eighth of a mile in width. Its only important mine
now in operation is Herodsfoot, which was the first mining work
undertaken in the neighbourhood of Liskeard. The Menheniot
lead district is about a mile and a half in length and half a mile
in width; its principal mines being Huel Mary Ann and Huel
Trelawny.

The Lanreath and St. Pinnock Mines lie a little west of the
imaginary boundary line, and, therefore, belong, strictly speaking, to
the East Central Division of the county; as, however, this district
adjoins that of Menheniot and resembles it in many respects, it
will be more convenient to describe them together.

The rocks of both these districts chiefly consist of slates,
sometimes enclosing Devonian fossils, and near the surface are
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generally brown, drab, or dun-coloured, but at greater depths have
a silky lustre and assume a deep blue or blackish Lue.

At various depths in the mines of Huel Trelawny and Huel
Mary Ann the ordinary killas has, lying between its planes of
bedding, conformable sheets of felspathic and hornblendic rocks,
which are locally known as elvans; and are usually massive,
but sometimes exhibit a schistose structure. Between these and
the slate there is sometimes a gradual change, but more com-
monly the transition from one to the other is distinct and im-
mediate. The felspathic and hornblendic rocks of this neighbour-
hood occasionally contain spheroidal bodies made up of many
concentric layers. This structure is not, however, eutirely con-
fined to the hornblendic and felspathic rocks, since Henwood states
that at Huel Trelawny a concretion of this kind, consisting of five
distinct layers of quartz and galena, was found in a siliceous slaty
matrix at a depth of 55 fathoms from the surface.

In neither of these districts has more than one productive lode
been discovered. That upon which the Menheniot mines have been
opened takes somewhat different directions in various parts of
its course, its bearing in Huel Trelawny being 5° W. of N. and E.
of 8., while in Huel Mary Ann its course is from 3° to 8° E. of N.
and W. of S. In the Lanreath district the lode at Herodsfoot
bears from 8° to 12° W. of N. and E. of S.

The lodes of this region maintain an average dip of 79°, their
inclination being to the east ; in thickness they vary from six inches
to four feet, the average width being probably about two feet. The
chief constituent of the lodes in both districts is quartz, which,
near the surface, is often granular, and is mixed with ferruginous
gossan, but at greater depths is generally massive and milk-white
in colour. In the Menheniot Lode chalcedonic silica is somctimes
associated with vitreous quartz and chalybite, while calcite occurs
in the deeper levels. At Herodsfoot pearl sparis found in the joints
and crevices both of the lode and of the country rock. Iron
pyrites, which is usually more or less argentiferous, is a common
constituent of both lodes, while small quantities of chalcopyrite
and blende occur most frequently in the more quartzose portions
of the veins. In addition to these minerals the lode at Herodsfoot
contains bournonite and sulphide of antimony. Carbonate and
phosphate of lead occur near the surface, but lower down these
minerals are entirely replaced by galena. In the Menheniot Lode
the ore is often associated with quartz and fluor spar; while at
Herodsfoot, on the other hand, a granular quartzose veinstone,
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including numberless spots and patches of galena, is traversed by
strings and ribs of that ore. In this, as in all other lead districts,
the ores obtained from different lodes, and even fromn different parts
of the same lode, are unequally argentiferous. The ore sold at
Huel Trelawny from 18351 to 1869 afforded on an average 001246
its weight of silver, which is equivalent to 40 oz 13 dwt. 9 gr.
per ton of 2,240 lbs,

At Huel Mary Ann the ore returned from 1851 to 1869
yielded on an average ‘001435 of silver, equal to 46 oz. 17 dwt.
12 gr. per ton. In both mines there was a gradual increase in
the proportion of silver from the shallower to the deeper levels.
Huel Mary Ann and Huel Trelawny suspended operations in 1876.

The lead ore extracted from the northern and southern mines
at Herodsfoot from 1851 to 1867 afforded on an average ‘000814
of silver, equivalent to 26 oz. 11 dwt. 16 gr. per ton. The
lead ores raised throughout Cornwall in 1855 contained on an
average about 23 oz. of silver per ton.

The lodes of this district frequently enclose thin lamine of slate,
which usually assume the direction and dip of the enclosing veins.
These fragments are often sharply defined and quite unaltered, but
they are sometimes permeated by siliceous and calcareous matter, or
are penetrated by strings and branches of veinstone. The leaders or
metalliferous portions of the veins are sometimes separated from
the country rock by a band of breccia, consisting of angular masses
of slate sometimes enveloped in as many as six accretions of chal-
cedonic quartz. These enclosed fragments are often exceedingly
small, and seldom exceed three inches in diameter; they have
frequently to some extent become replaced by quartz; and thin
branches of this mineral, containing either galena or iron pyrites,
often intersect or interlie the laminge. Cavities studded with
botryoidal concretions of agate-like silica encrusted with crystals
of quartz and sprinkled over with calcite and chalybite, occur in
all parts of the siliceous cement.!

Towards the southern portion of Huel Mary Ann and through-
out the adjoining mine of South Huel Trelawny as well as between
the old and new mines at Herodsfoot, the lodes are represented by
bunches and disconnected strings of veinstone, occasionally con-
taining a few spots and bunches of ore. These usually follow

1 Fig. 80., p. 47, shows the mode of occurrence of brecciated veinstone at Huel
Mary Ann, while Fig. 27, p. 44, represents a quartzose concretion from Huelgoet
of the same charact:r as those which are found in the cementing material of the
Menheniot lodes,
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A joint maintaining the normal direction of the lode, but seldom
affect parallel portions of neighbouring joints, Wherever the
lodes are thus broken up and disturbed the country rock is dis-
ordered and traversed by numerous flucans of slaty clay.

The workings at Herodsfoot were extended, at different depths,
for distances varying from thirty to forty-five fathoms through this
disordered ground, before the lode, which had dwindled in the old
mine, was again found in the new. At Huel Mary Ann and South
Huel Trelawny still greater distances were laid open without success.
The water of these mines contains large quantities of sulphate
of calcium.

The Menheniot lead lode is intersected by two flucans, the most
northerly of these, in Huel Trelawny, bears 10° S. of E. and dips
S. about 55°; the more southerly, in Huel Mary Ann, bears about
S.E. and N.W,, with a dip N.E. varying from about 40° to 50°
The lode has consequently the direction of the unproductive cross-
courses of other districts, while the flucans have the same bearing
as the lodes of tin and copper.

According to Henwood the profits made from 1844 to 1869
were as follows :—

Huel Trelawny . . . .  £56,914
Huel Mary Ann . . . . 65,585
Herodsfoot . . . . . . 49,848

Total .  £172,347

At Huel Ludcott, in the parish of St. Ive, about a mile and a
half N.N.E. of Huel Trelawny, the country rock is a glossy dark-
blue killas, with planes of cleavage ranging nearly N.E. and S.W.
and dipping from 15° to 20° SE. Two nearly parallel lodes
running about N. and S., and dipping from 80° to 86° E., have
been worked, one to a depth of 80 and the other to that of
130 fathoms. The shallower parts of both veins consisted of
granular quartz, gossan, and slaty clay, with, occasionally, a little
iron pyrites, chalcopyrite, blende, and galena. At more considerable
depths the quartz became less crystalline, and calcite made its
appearance. In some places both these lodes, which vary from
two to three feet in width, were rich in galena, which, on one
side of the north cross-course, contained nearly twice as large a
proportion of silver as on the other. Three cross-veins, all bear-
ing E. and W,, dipping S., and varying from one foot to eighteen
feet in width, intersect both lodes.
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The cross-veins generally consist of slaty clay, granular quartz,
calc spar, chalybite, and iron pyrites; but sometimes the quartz
becomes more flinty, and isolated masses of galena or small
patches of copper pyrites make their appearance. Between the
severed portions of the eastern lode, at depths varying from
93 to 110 fathoms, the northern cross-course enclosed crystals of
galena poor in silver, occasionally detached, but sometimes em-
bedded in masses of argentite of considerable size. Stepbhanite,
pyrargyrite, and argentite were also met with in druses, where
they were sprinkled over crystals of quartz and calcite. Crystals
of galena were also often covered in the same way with crystals
of silver ore, and threads of native silver traversed the veinstone
as well as the galena and other ores. From this cross-course
304 tons 15 cwts. of silver ores werz obtained, which sold for a
little more than £22501, making an average of £73 16s. 3d. per
ton. The percentage of lead varied from 7 to 40 per cent., but
the average yield of this metal was not much above 9 per cent.
and the ores can, therefore, only be regarded as silver ores.

The Callington mining district may be described as an area chiefly
consisting of clay slate, which includes the two smaller granite
protrusions of Kit Hill and Gunnis Lake, constituting links
between the two great ranges of Bodmin Moor and Dartmoor.
It comprises parts of the parishes of Callington, Calstock, and
Stoke Climsland, including an area of about five miles in length
and nearly three in width.

The granite of Kit Hill and of Gunnis Lake is somewhat
finer in grain than that of the larger masses of that rock further
west, but it is frequently traversed by veins of quartz and schorl,
which sometimes contain tin oxide. The slate varies considerably
in different localities both in colour and in texture. At Drake
Walls, where it is of a deep blue colour and has a silky lustre,
several lodes have been worked, and have in the aggregate produced
large quantities of tin ore, which is, however, usually associated
with wolfram. The rock is often traversed by small veios of
cassiterite, like those which occur in slate at Polberrow, and in
granite at Carclaze and elsewhere in Central Cornwall. The
direction of the lodes is generally a few degrees S. of W.; but
some of them bear rather N. of W. They dip for the most part
towards the north, although a few have an opposite inclination.
Cross-courses are numerous, and they occasionally heave the
lodes to a considerable distance. Hucl Betsy and Redmoor,
which are both in killas, have yielded large quantities of galers
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associated with chalybite. Native copper, cuprite, malachite, black
copper, copper glance, copper pyrites, and sundry rare minerals, and
among others uranite, have been found at Gunnis Lake.

A metalliferous bed containing quartz, chalybite, copper
pyrites, and other minerals occurs at Virtuous Lady. Its course
is about 20° S. of W, and its dip N., with a thickness varying
from a few inches to thirty feet. The ores, which are very
irregularly disseminated throughout the mass, usually occur in the
quartz, but large patches are also sometimes found associated with
carbonate of iron, and iron pyrites. This mine was long
celebrated for its fine crystals of chalybite. Childrenite has been
found at the George and Charlotte Mine, as well as at Huel
Crebor, in this district.

The Callington district at the present time is of but little
commercial importance as a mining area, although it was formerly
much more productive. The mine now making the largest returns
is Gunnis Lake Clitters, which, during the year 1881, yielded
2,520 tons of copper ore, of the value of £15831 15s. 6d.

The production of the mines of the Eastern Division of Cornwall,
during the year 1881, was as follows : —

Weight. Value.

Tons. cwts, qrs. : £ s, d.

Black tin 541 13 1 29958 8 0
Copperore 11,941 17 0 56,390 16 10
Lead ” 467 17 1 4,550 7 10
Iron pyrites 13,953 6 0 13,154 16 11
Wolfram 5 2 2 48 13 9
Totals . 26909 16 0 104,103 3 4

In addition to the black tin produced by the mines of Cornwall
during the year 1881, 957 tons 1 cwt. were obtained from streams,
rivers, and foreshores, and 263 tons 19 cwts. 2 gqrs. of black tin were
returned as sold in the form of undressed tin-stuff. During the
same year 2,774 tons of arsenious oxide (As,Oy), worth £19,250,
were produced in Cornwall from the roasting of ores containing
arsenic.

Statistics Relating to the Production of Tin, Copper, and Lead
Ores tn Cornwall—The period at which Cornish tin was first
worked and exported has been lost in the obscurity of ages.
According to Borlase, however, the production of tin in Cornwall
was very inconsiderable even in the time of King John, 1199-1216.
In this reign the tin farms of the county yielded no more than

L
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100 marks per annum, and in accordance with this valuation the
Bishop of Exeter received, in lieu of his tenth part, the sum of
£6 13s. 4d. The tin farms of Devonshire, at the same period,
yielded £100.

In 1750 the production of the Duchy of Cornwall was 18,698
blocks, equivalent to about 3,132 tons of metallic tin. In 1800,
after having been in 1789 as high as 22,132 blocks, the production
was 16,397 blocks, or about 2746 tons. The production of
metallic tin in the year 1838, after having been as high in 1827 as
31,744 blocks, amounted to 29,321 blocks, or about 4,911 tons.

Until the year 1854 the production of the Cornish tin mines
was by the Mining Record Office grouped with that of Devon,
although the yield of the latter county was relatively unimportant.
The following table gives the production of tin in Cornwall from
the date at which records of the yield of the two counties have
been kept separate.

WEIGHT AND VALUE OF TIN ORE OBTAINED FROM CORNISD MIXES
FROM 1854 To 1881.

Production of Cornish mines

Year. Tons.* Value of ore, Remarks.
£
1854 8,447 540,608
1856 8,627 586,636
1856 9,214 764,762
1857 9,688 786,228
. 1858 9,905 630,328
1859 10,059 723,370
| 1860 10,225 798,209
' 1861 10,725 775,612
| 1862 11,638 773,729
| 1863 13,932 924,447
i 1884 13,667 861,345
|
|

| e | e
1867 10,988 545,238 ( years to end of 1871—
1868 11,530 688,052 ,

1869 13,756 879,997 156058 £8,105,313
1870 15,190 998,963 ’ 7

1871 16,759 1,057,176 / '
1872 12,156 1,058,001

1873 14,660 1,034,693

1874 14,686 746,328

1875 13,800 690,692 Ten years to end of 1881—
12;(75 13,523 573,996 L rons. vl

1 14,395 557,295 ons. alue.
1878 14,992 519,581 138,521  £7,098,129
1879 14,168 559,242

1880 18,358 673,380

1881 12,788 693,021

1 The ton of tin ore consists of 20 cwts, each of 115 lbs.
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The largest production of tin ore in Cornwall was in the year
1871, but since 1873 the amount annually produced has not very
materially fluctuated.

Copper mines do not appear to have been worked in this county
until about the year 1700, although small quantities of copper ore
were previously obtained from mines worked more expressly for
tin. In 1838 the production of the copper mines of Cornwall
amounted to 145,688 tons, each of 21 cwts., representing a money
value of £857,779.1

On referring to the following table it will be seen that the
annual production of the county has gradually decreased since
1855.

WEIGRT AND VALUE oF CoPPER ORE OBTAINED FROM CORNISH MINEs
FROM 1855 To 1881.

! Year. Tons.t Value. Remarks.
£

1855 161,576 1,064,474
1856 163,958 1,019,176 Production for seven years
1857 152,729 979,665 L to end of 1861—
1858 147,330 878,347
1859 146,093 905,897 Tons. Value.
1860 145,359 878,471 1,060,164 £6,532,612
1861 148,119 816,582
1862 141,810 728,299
1863 129,221 642,944
1864 127,083 659,918 Production for ten years to
1865 121,353 572,619 end of 1871—
1866 103,670 431,083 L
1867 88,608 413,538 ( Tons. Value.

| 1868 86,722 873,005 973,494  £4,585,017
1869 71,790 816,364
1870 56,526 242,227
1871 46,766 205,025
1872 41,756 226,654
1873 40,285 188,236
1874 40,455 201,367 .
1875 39,398 204,228 Production for ten years to
1876 43,016 202,203 end of 1881—
18;7 . 39,2?5 169,54g Ton Value,
1878 36,871 146,41 8. g
1879 30,371 116,168 362,619  £1,670,614
1880 26,737 111,408
1881 24,510 104,388 )

It will be observed that the production of copper ore in 1881
represented only one-tenth of the value of that raised in 1855.
The average produce in metal of the copper ores of Cornwall is at
present about 63, although in 1848 it was as high as 83.

1 Copper and lead ores are sold by the ton of 21 cwts.
L2
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The following table shows a great falling off since

[ParTIL

1845 in the

quantity and value of the argentiferous lead ores annually produced

in the county of Cornwall.

WEIGHT OF LEAD ORES OBTAINED FROM CoRNISH MINES FROM 1845 To 1881,
WITH THE AMOUNTS OF LEAD AND SILVER RESPECTIVELY CONTAINED IN THEM, &c.

Year. ' Lead Ore. & Lead. Silver. Value of ore.
Tons. " Tons. '
1845 10,100 8,063 '
1846 11,674 7,304
1847 8,228 4,933
1848 ’ 10,494 | 6,614 |
1849 10,325 | 6,773
1850 10,386 6,782 oz.
1851 9,515 6,709 . 255640
1852 8,908 6,220 | 250,008
1853 6,680 4,690 | 165,670 | Averageperton
1854 7,460 l 5,005 179,675 £ s d
1855 8,962 5,882 211,348 14 4 6
1856 9,973 6,597 248,436 480 |
1857 | 9,559 6,036 224,277 1415 0
1858 | 9,710 5,436 293,189 | 14 6 0 |
1850 | 7,842 4,985 215964 | 1316 0
1860 | 6,410 4,242 180,757 | 1317 8 |
1861 | 6,690 | 4,228 173,344 1210 7 |
1862 6,030 . 4,119 205,662 1210 0
1863 | 6,259 | 4,270 206,312 131 6
1864 | 5301 | 3538 192,232 14 510
1865 . 6,546 4,206 214,659 1214 7
1866 6,736 4,350 195,218 | 1215 1
1867 8,645 6,480 814,326 | 1217 6
1868 8,415 6,310 | 303,083 |, 12 1 8
1869 9,023 8,775 | 315,714 12 5 6
1870 | 8,481 6,360 | 292,045 12 4 6
1871 7,564 | 5073 . 267,324 12 6 0
1872 . 5,463 4,008 | 207,710 1818 0 |
1878 . 3,909 2,923 129,509 15 8 0
1874 | 3,119 2,387 ' 85,304 1413 6
1875 2,566 1,932 25,681 15 9 3
1876 | 2797 2,070 87,650 15 8 0
1877 2,166 1,674 23,035 1319 o
1878 | 1,349 1,022 16,456 1011 8
1879 | 725 545 9,435 10 6 0
1880 | 754 570 11,790 1.6 0
1881 | 765 409 | 14,396 10 8 0
Tons
Total production of lead ore for ten years to end of 1861 . . . . . 82,284
" » " ., 1871 . . . . . 78,000
" " " ’ 1881 . . . . . 28,543
DEVONSHIRE.—The mines of Devonshire are much less
numerous and productive than those of Cornwall, which they,

however, resemble in various other respects besides being for the
most part situated in the approximate vicinity of the junction of
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clay slates and granite. The most important of the mining
districts of this county is that of Tavistock, which includes the
whole of the killas area extending from the river Tamar to
Dartmoor, having a width from north to south of about ten miles.
In this district are situated the celebrated copper mines of Devon
Great Consols, formerly the most productive in Great Britain.
This undertaking was started in the year 1844 with a capital
of only £1,024, which was never increased by calls or otherwise ;
but in the course of the following twenty-one years a total profit
of £1,000,000 was the result of the operations.

The mining field of Devon Great Consols comprehends several
separate grants, all of which are connected by underground work-
ings. The original sett was that of Huel Maria, the others having
been subsequently added as extensions became desirable. There
are six different lodes at the Devon Great Consols, namely, two to
the north of the main lode, the main lode itself, and three others to
the south of it; these,including the principal vein, have a direction
varying from 12° to 20° S. of E. and N. of W. Their underlie is to-
wards the S., and is on an average about two feet in a fathom.

The country rock is a kind of mottled killas, the spots in
which are apparently caused by minute and imperfect crystals
of andalusite. At one point the workings extend westward to the
Gunnis-Lake mass of granite, but there are no elvans in the im-
mediate neighbourhood of the mines. In the greater portion of the
workings the walls of the lodes are well defined, this being more
especially the case where they are most productive. The width
of the main lode, which has yielded the principal portion of the
copper obtained from the mines, is sometimes as much as thirty
feet; while the others are considerably narrower and of less
importance. There are ten known cross-courses at Devon Consols;
one at Huel Maria has heaved the lode eighty fathoms to the right,
but the other lodes have not been opened sufficiently near this
cross-course to ascertain its influence upon them. What is known
as the “Great Cross-course” is chiefly composed of flucan, with
occasionally a little gossan near the surface. Spots of lead ore
have also occasionally been found in the flucan. The lodes are,
for the most part, composed of quartz associated with iron pyrites,
arsenical pyrites, and copper pyrites, with sometimes a little tin
ore; while carbonate of iron is usually present, not unfrequently
forming the material cementing together the brecciated portions of
the veins. One of the lodes in these mines sometimes assumes the
appearance of having been filled with fragments of crushed killas,
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united by crystalline iron pyrites. When a lode of this descrip-
tion has been opened upon by levels or otherwise, the pyrites
becomes rapidly oxidized, the veinstone is quickly disintegrated,
and very heavy timbering is required to keep the ground open.

The ores raised at Devon Great Consols are usually of a low
produce for copper, but they contain in addition a considerable
amount of arsenic. A large proportion is consequently roasted
previous to being sold as copper ore ; this operation, in addition to
yielding a valuable product in the form of white arsenic, materially
increasing the percentage of copper in the residues. About six-
sevenths of all the ores now sold are calcined for arsenic previous
to being sent to market.

The principal workings of the mines do not extend to a depth
much exceeding 220 fathoms below the adit, which is sixty fathoms
from the surface; one shaft has, however, been sunk to a depth of
300 fathoms below the adit level, chiefly in the hope, which has
hitherto been disappointed, of finding tin ore.

The workings comprise twenty-seven and a half miles of levels,
six and a half miles of winzes and rises, and two and a half miles
of vertical shafts. The largest return made in any one year wasin
1857, when 28,836 tons of copper ore, of the value of £159,432,
were raised and sent to market. The production of Devon Great
Consols for 1881 was 10,922 tons of copper ore, of 4, produce, and
of the value of £20,113. As before stated, the ores of these mines
are usually arsenical, and during the year 1881 2,851 tons of white
arsenic, of the value of £23,324, were prepared by calcination.
Up to March 1882 Devon Great Consols has afforded 660,184 tons,
each of 21 cwts., of copper ore, of the value of £3,344,446.

Bedford United Mines, lying about a mile south of Devon Great
Consols, have for many years been a fairly productive undertaking.
During thirty years ending December 31,1881, these mines yielded
47,544 tons of copper ore, of the aggregate value of £113,298.
The production of the year 1881 was 656 tons of copper ore, of
5% produce, representing a value of £1,997.

Huel Friendship, near Mary Tavy, which returned 110 tons of
ore in 1811, was for many years a productive copper mine, but the
yield of ore having become ‘gradually reduced, the workings were
ultimately suspended in 1857. The total yield of this mine during
twenty-six years amounted to 32,250 tons of copper ore, of the
value of £250,410.

Numerous lodes have at various times been opened in the
neighbourhood of Bridestow and Okehampton, to the north of the
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Tavistock district skirting the southern flank of Dartmoor, but in
no instance does a profitable mine appear to have been discovered.
In the Ashburton district, which includes all the area of clay slates
skirting the eastern side of Dartmoor, and extending some miles
north and south of Ashburton, are numerous lodes, some of which
have yielded ores of copper and tin; they have, however, seldom
yielded these ores in remunerative quantities.

Lead mining in Devonshire is of great antiquity, dating back
to the time of the Roman occupation of the country. Some of the
mines of this county were worked on account of the crown for the
silver contained in the lead ore as early as the reign of Edward I,
when they are recorded to have been profitable. The lead-mining
districts of Devonshire are chiefly around Beer-Alston and Combe -
Martin. The mines of the latter district were re-opened in the
reign of Elizabeth, and have been worked at various times since
that period. Their working was strongly recommended to the
Long Parliament in 1659, but they do not appear to have been
again opened until the end of that century, and then without
success. In 1813 they were re-opened and worked for four years,
during which period they produced only 208 tons of lead ore.
They were subsequently closed, and again worked in 1837. Of
late years the most productive lead mines have been those in the
neighbourhood of the Tamar, and the Exmouth and Frank Mills
Mines on the banks of the river Teign, within ten miles of
Exeter. One of the most productive of the Tamar mines was,
some years since, flooded by the waters of that river breaking
into the workings. A considerable amount of lead ore has also
been raised at Christow.

The production of the lead mines of Devonshire has for many
years been gradually declining, the total amount of lead ore pro-
duced in the county in 1881 being only ten tons. From 1851 to
the end of 1863, a period of twelve years, the Tamar Silver Lead
Mine yielded 7,910 tons of lead ore, containing 332,204 oz. of
silver. The Frank Mills Mine from 1857 to the end of 1880,
when the last sale of ore was made, a period of twenty-three years,
produced 14,511 tons of lead ore, containing 247,151 oz. of silver.

Statistics relating to the production of Tin, Copper,and Lead Ores
wn Devonshire—For many years past nearly the whole of the tin
produced in the United Kingdom has been obtained from the
mines of Cornwall, and during 1881 only 15 tons 8 cwts. 1 qr. 24
Ibs. of black tin were raised from those of Devonshire. If, however,
we make due allowance for tin ore obtained from streams, rivers,
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and foreshores, and add this to the above amount, the total yield
of Devon can scarcely have reached, for that year, 75 tons, while
during the same period the production of Cornwall may be taken
at 12,788 tons.

Devonshire is said to have formerly produced a larger amount
of tin ore than Cornwall; but if, from the production of the two
counties together as given in the following table, we deduct each
year the production of the latter county alone, as given in the table,
page 146, we find that, for a period of nearly thirty years, the yield
of black tin in Devonshire has been comparatively insignificant.

TiN ORE AND TIN PRODUCED IN CORNWALL AND DEVON FROM 1848 To 1881.
—

Value of tin ore | Value of metallic |

]
| Year. Tin ore. ll Mectallic tin, . per ton. tin per ton, |
[ D SO o N R
l | Tons. ‘ Tons. | £ a d. ' £ s d. |
| 1848 | 10,176 6,618 — . 7910 0 !
" is49 | 10,719 6,952 — . 7815 0
| 1850 10,383 6,729 | — 81 0 0
1851 | 9,455 6,140 — 8615 0
l 1852 | 9,674 6,287 — 92 2 6
| 1853 | 8866 5763 , 68 0 0 120 0 ©
| 1854 8,747 5947 | 64 0 0 | 120 0 0
| 1885 8,947 6,000 68 0 0 120 0 ©
. 1856 9,350 6177 | 8 0 0 | 134 0 0
[ 1857 ' 9783 6582 | 76 0 0 | 130 0 0
| 1858 . 9,960 6,491 76 0 0 | 136 .0 0
{1859 10,180 8,497 = 7415 0 13210 0
’ 1860 ' 10,400 6656 | 7111 6 134 0 0
| 1861 | 10,963 7,06 | 6268 136 0 0
1862 | 11.841 7,578 . 59 14 0 116 0 0
} 1863 | 14,224 9,104 6312 0 117 0 0
i 1864 | 13,984 9,205 & 6017 6 ' 107 1 0
1865 | 14,122 9,038 | 55 6 0 | 9615 0
l 1866 | 13,785 . 8,822 4810 9 8812 6
| 1867 . 11,066 | 7,206 | 5018 0 9117 8
| 1868 11,584 | 7,703 55 4 0 98 0 0
i 1869 | 13,883 9,356 6916 0 128 2 0
L1870 15,234 10,200 75 8 0 127 8 6
l 1871 | 16,898 11,320 | 7812 6 - 13710 0
{1872 | 12,209 | 8,241 87 7 0 | 15215 0
¢ 1873 | 14,837 | 10,006 78 1 0 183 7 @
1874 | 14715 | 9,724 . 56 3 3 108 8 0
(1875 | 14004 | 9,614 ' 5211 6 9 2 0
i 1876 13,640 7,859 4318 0 7910 0
| 1877 14,091 | 9,423 0100 ' 733 6 |
| 1878 15,124 10,158 35 5 6 ! 6512 3
L 1879 14,280 9,282 40 00 | 72 6 0
| 1880 ' 13,376 8684 . 49 0 0 | 91 5 0
54 0 0 3

1881 ' 12,898 i 8,615 | l 97 9

The year of greatest production—1871.

The year of test value of tin ore and metal —1872.
The year of lowest value of tin ore and metal— 1878,
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WRIGHT AND VALUE oF COPPER ORE OBTAINED FROM MINES IN DEVONSHIRE
FROM 1856 To 1881.

! Year. Ore. | Value. Remarks.
\
Tons. ! £
1856 42,024 | 215,644
;157 37,800 | 222,416 !
| 1858 1 36,332 | 104,133
Lo1sse | 36,415 | 188,737 | !
1860 , 35283 | 186,081 i
1861 | 35,796 187,188
1862 40,095 196,012 )
B R T PR —
© 1865 88,156 184,776 for ten years to end of
1865 | 84471 151,481 | 1871—
1867 31,163 143,898 ,
1868 | 30,640 128,748 s ie  £1.497 a8
i 1869 ‘ 32,723 86,056 » 1380
1870 24,752 84,096
1871 | 24,352 79,409
1872 | 23,630 88,668
1873 14,810 48,200
1874 ! 12,820 52,746 Production of copper ore
1875 X 14,097 86,398 for ten years to end of
1876 } 16,276 | 58,240 1881—
1877 16,980 50,484
1878 12,648 | 26,575 Tons. Value.
1879 12,786 - 30,616 156,211 £523,975
. 1880 ‘ 15,076 42,539
Coasst 1182 39,509

According to statistics prepared by Her Majesty’s Inspectors
of Mines, and published since the foregoing tables have been in
type, the production of tin and copper ores from the mines of
Cornwall and Devonshire during the year 1882 was as follows :—!

CORNWALL. ’ DEVONSHIRE.
| Descriptionof Ore. | — - - -
Weight. l Value, ’ Weight. Value.
Tons. Cwts. £ Tons. Cwts. £
Black tin 1 12,189 5 723,774 50 8 2,652
Copper ore ! 25,641 1 114,688 ’ 19,201 0 66,133
1

The table on the following page gives the production of lead ore
in Devonshire for thirty years, and shows the gradual falling off
which has taken place in the yield of the lead mines of this
county.

! 1”!'8’;."“1 statistics of the Uniled Kingdom of Great Britain and Ireland for the
year
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WEIGHT OF LEAD ORES OBTAINED FROM THE MINES OF DEVONSHIRE FROM 1852

TO 1881, WITH THE AMOUNTS OF LEAD AND SILVER RESPECTIVELY CONTAINED
IN THEM,

Year. | Lead ore. | Lead | Bilver.
Tons. | Tons. | Oz

1852 | 2,977 | 1,917 | 91,340

1853 3,014 | 1,798 , 106,236

1854 | 4,139 ' 2,612 119,288 | ' 'roduction for ten years to end
1855 | 4,035 = 2,202 ' 89,908 of 1861—

1856 | 3,138 | 2,000 77,456 ||
1857 2,690 | 1,585 | 50,262 /| Lead ore. Lead. 8ilver.
1858 | 2,779 | 1,695 | 63,366 | Tons. Tons. oz
1859 3,172 2,090 i 66,875 | | 31,624 19,760 752,977
1860 | 3,018 | 2,030 ' 53,059
1861 | 2,762 | 1,791 | 45,187)
1862 | 2,079 | 1,376 | 89,265
1868 | 1,578 | 1,080 | 20,367
1864 | 1,656 | 1,008 | 21,480 .
1865 | 1847 | 1147 | 83865 | | Trofuction for ten years toend
1866 723 471 | 13,017
1867 803 526 13,719 ( Load . Lead. 8il .
1868 | 1,622 | 1,141 | 39,865 | “Toma~  Toms. or
1869 | 1,080 677 | 27,451 || 18,463 8,997 247,530
1870 | 1,235 829 | 24,706 | |
1871 940 657 | 13,805)
1872 748 522 | 10,3924
1878 676 472 6,510
4 1 809

| }g;é 32; 242 1:542 Production for ten years to end ‘
1876 437 327 5,890 | | of 1881—
1877 337 252 4,948
1878 234 169 | 3,286 || Teadore.  Lead Sitver.
o | 8 v | LOIB|| 3,388 2,428 45,678
1881 10 8 60

SoMERSETSHIRE.—Lead and zinc ores were formerly obtained
from the Carboniferous Limestones of Somersetshire, but at the
present time no mines for these metals are being worked in that
county. A small quantity of lead is, however, still annually
obtained in the Mendip Hills from the treatment of ancient slags
and slimes, some of which are believed to be residues resulting
from Roman workings.

Many important mines of spathose iron ore occur in the Brendon
Hills in this county, and have for many years been worked by
the Ebbw Vale Iron Company, who employ the ores obtained
from them for the manufacture of spiegeleisen. Although this
ore is of common occurrence in many parts of the Continent, it
is in this country only found in considerable quantities in the
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following localities, namely, in Weardale in Durham, where, asso-
ciated with lead and zinc ores, it forms veins in the Carboniferous
Limestone, at Perran in Cornwall, at Exmoor in Devon, and
in the Brendon Hills in Somersetshire, where it forms a chain
of irregular lodes in slaty rocks of Middle Devonian age. The
system of veins extends over a distance somewhat exceeding five
miles, and their maximum aggregate thickness is about twenty-
seven feet. The ore usually contains from 13 to 14 per cent.
of protoxide of manganese, and yields spiegeleisen of good quality,
containing about 20 per cent. of manganese.

The range known as the Brendon Hills runs nearly E. and
W., and is about six miles south of that portion of the Bristol
Channel lying between Watchet and Minehead. On their northern
side they rise somewhat abruptly, but in the opposite direction
their slope is much more gradual. At their highest point they reach
an elevation of 1,350 feet above the sea-level, and the slates, which
near the surface are grey in colour, acquire a bluish-green tint in
depth, and usually dip towards the south-east. At Treborough,
two miles north of the highest point of the range, these slates have
been extensively quarried for roofing purposes. Attention was, in
modern times, first directed to this locality by evidences of exten-
sive ancient workings, with regard to the age of some of which
there is no conclusive evidence; a coin of Domitian was, however,
found in one of the old workings at Kennesome Hill, and Roman
coins have been found in the vicinity of the old workings in the
Brendon range. A wooden shovel and a turf dam were also found,
in 1865, at the bottom of one of the ancient workings at a depth
of 100 feet below the surface; this dam was apparently the last
of a series extending from the top to the bottom, and by means of
which the water was removed by dipping from one to another.!

The direction of the veins is usually N. of E, but their dip
is variable. In addition to iron ores the lodes contain quartz,
and occasionally fragments of the country rock. The quartz, which
most frequently occupies the north side of the lodes, is not much
intermixed with the ores, but more frequently assumes the form of
distinct lenticular masses. Near the surface the carbonate of iron
has everywhere been converted into brown hamatite by the
action of water and atmospheric air. The annual production of
these mines amounts to about 27,500 tons.

THE ForesT oF DEAN.—The district known as the “ Forest of

1 Morgnn Morgans, ‘‘ The Brendon Hills Spathose Iron Ores and Mines,”
Proceedings of South Wales Institute of Engineers, vol. vi. p. 78.
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Dean” is situated within that part of Gloucestershire which is
bounded by the rivers Severn and Wye. This was probably one
of the first seats of the iron trade in Great Britain, and its history
is consequently of exceptional interest. In the reign of Henry the
Second the Forest comprised the whole of the land lying within the
above boundaries, but by successive reductions it has now become
curtailed to the central district, occupying the area lying between
Little Dean and Christ Church on the east and west, and Eccleswall
and Bream on the north and south.

The strata of this district assume the form of a basin of which
the greatest depression is near the centre ; its longer axis extends
for about eleven miles from N. to S., while the transverse axis in
its widest part ranges about seven miles from E. to W. The
central portion of this area consists of Coal-measures, which are
surrounded by a belt of Carboniferous Limestone, which is itself
bordered by Old Red Sandstone.

That the Romans carried on the manufacture of iron on a
large scale, and for a lengthened period, in the Forest of Dean is
sufficiently proved by coins and other relics of that people, which
have been found under heaps of slags, which were once so abundant
as to form an important proportion of the material supplied to the
local iron furnaces. The earliest historical records respecting this
district are clearly identified with its iron trade; for although the
pages of the Domesday Book supply no definite information relative
to this industry, they nevertheless distinctly allude to the production
of iron in the immediate neighbourhood. Itis there stated, however,
that the bolts and bars required by the ship-builders of the Royal
Navy were obtained from the city of Gloucester, and there can be
little doubt that the iron was produced in the Forest of Dean.
In the year 1140 the Abbey of Flaxley was founded by Roger,
eldest son of the Earl of Hereford, by whom it was partially endowed,
and by whom it was named the “ Abbey of St. Mary de Dene,” its
site being at that time included within the precincts of the Forest.
The institution of the abbey was confirmed by Henry II., who
further enriched it by granting to the monks permission to feed
their cattle and hogs in the Forest, to repair theirbuildings with its
timber, and to establish iron forges within its boundaries. ~ For
a period of more than five centuries the iron trade established by
the monks of Flaxley appears to bave been carried on in almost
any part of the Forest capable of furnishing the requisite ore
and charcoal, and where a running stream supplied the power
necessary for a blast.
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The mineral district of the Forest of Dean is remarkable for the
regularity of its strata, since each bed exhibits a continuous line of
outcrop around the whole edge of the basin, with a uniformity with-
out example in any other locality in this country. The Coal-measures
are naturally divided into three series, of which the middle affords
the greater portion of the large supply of coal now furnished by the
district. The strata between the upper and middle series consist al-
most exclusively of argillaceous shales, with, here and there, thin beds
of sandstone. Below the middle coal-seams the measures undergo a
decided change, and instead of the shales before referred to, a hard
sandstone prevails, and continues, with but little variation, down to
the Coleford High Delf seam, which is one of the lowest belonging
to the lower coal series.

The Farewell Rock or Millstone Grit, which underlies the Coal-
measures throughout the Forest of Dean, contains, in its lowest
bed, a deposit of iron ore which, to a small extent, is worked on
its eastern outcrop; but the extensive deposits of ore, which from
the earliest times have supplied the iron of Dean Forest, occur
in large pockets or churns in the upper beds of the Carboni-
ferous Limestone. Such churns often contain several thousand
tons of brown hamatite, which is for the most part soft and
easily worked, but which, nevertheless, varies considerably in
quality.

The Black Brush ore sometimes contains as much as 90 per
cent. of peroxide of iron, but the poorer varieties, being con-
taminated by an admixture of clay and carbonate of lime, are pro-
portionately less rich in iron. The most important workings in
the limestone of this district are those situated on its eastern out-
crop, where cavities in the almost perpendicular beds are filled
with deposits of rich ores in enormous quantities. On the
western side of the field, where the strata are less inclined than
those on the other side, iron mining has long been extensively car-
ried on. All the most successful mines, however, are found to lie
to the dip of the excavations made by the ancient miners, who
had frequently penetrated to greater depths than could have been
expected when we consider the means at their disposal.

In accordance with the general practice among ancient crafts-
men, the miners of Dean Forest were associated in a guild or trade
corporation, and their prescriptive rights and privileges were
guarded with extreme jealousy and care. For admission into this
guild it was necessary that a man should have been born in the
hundred of St. Briavels, and should have worked for a year and
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a day in either a coal or iron mine; he was then entitled to be
admitted a Free Miner of the Forest of Dean.

The original laws of the Order of Free Miners as to modes of
working and the extent of area allowed to each workman, were
only applicable to very shallow workings. Consequently, in pro-
portion as the demand for ore and coal increased and more expen-
sive appliances for obtaining them from greater depths became
necessary, the rules of the ancient code had, from time to time,
to be relaxed in such a way as to afford opportunities for more
extensive workings and the employment of larger capitals.
This, however, resulted in endless disputes, until, under the
Dean Forest Mining Act, commissioners were appointed to assign
boundaries to the various mineral tracts, and to arrange the
difficulties which the old Forest laws had been found inadequate
to meet. The various collieries and iron mines of this district
are now held under awards of these commissioners made in the
year 1841. The present annual production of iron ore in the
Forest of Dean is approximately 79,000 tons.!

IroN ORES OF THE CARBONIFEROUS LIMESTONE—NORTHERN
CounTies.—The principal mass of the iron-producing Carboniferous
Limestone of the northern and north midland counties of England
emerges from beneath the Coal-measures of the counties of Durham
and Northumberland in the east, and is bounded by a steep ridge
overlooking the Vale of Eden on the west. It reaches its highest
point in the mountainous range of Cross Fell, and forms a tract of
moorland country which, in the neighbourhood of Alston, extends
for a width of twenty-five miles, while in the elevated region ad-
joining the Scottish border it stretches almost completely across the
island.? After an interval of a few miles the same formation again
rises towards the west, from beneath the New Red Sandstone of
Penrith, and the Coal-measures of Workington and Whitehaven,
and forms a comparatively narrow belt around the older slaty rocks
of the lake district. The structure of the high land, on which are
situated the towns of Alston, Hexham, and Haltwhistle, differs
materially from that of the contemporaneous formations occurring,
both in England and Wales, further south, which, for a great thick-
ness, consist principally of almost uninterrupted beds of limestone.
In the north, on the contrary, the actual limestone plays a com-

1 For information relative to this district consult ‘‘ The Forest of Dean,” by Rev.
G. H. Nicholls, 1858 ; also Arnold Thomas, * The Forest of Dean,” Proceedings S.
Wales Inst. of Engineers, vol. vi. 1870, p. 200.

! W. W. Smyth, ** The Iron Ores of Great Britain,” Mcmnoirs of the Geological
Survey, 1856, part i. p. 15.



{/ : 2159
paratively subordinate part, and alternates with strata of sandstone
and shale, locally known as kazle and plate. In some of these bands
of shale are found nodules of clay ironstone, of which the aggrega-
tion and mode of occurrence exactly resemble those of similar ores
in the Coal-measures.

The majority of the mineral veins of the vicinity of Alston,
which produce the lead ore for which that district is celebrated,
range nearly east and west, and intersect the whole of the strata
belonging to the Carboniferous Limestone ; they are, however, much
more productive in certain of the beds than in others. Some of
these lead veins in portions of their course, instead of being com-
posed of the usual veinstones accompanying lead ore, such as cal-
cite, fluor spar, &c., are filled with brown iron ore. The rich lode
of Rodderup Fell, known as the Craig Green or Bracken Syke
Vein, in the “Scar Limestone,” belongs to this class, and varies from
sixteen to twenty feet in width. Certain of the lodes in the

PART I1.] ENGLAND.

Fio. 47.—8ection of Manor House Lode.

vicinity of Alston, producing ore of this kind, have been extensively
wrought. Among others the Manor House Vein, near the railway
station, has yielded large quantities of brown iron ore of good
quality. This vein is about twelve feet in width, and its produc-
tiveness is increased by the occurrence of flats, which, at distances
of a few feet apart, penetrate between the bedding of the limestone
which constitutes the country rock. Fig. 47 is a diagrammatic
sketch, given by Smyth, representing a section of this lode.
On the northern shoulder of Cross Fell, and in Weardale, outcrops
of similar iron veins occasionally present themselves.

In the eastern part of this region spathose iron ores make
their appearance abundantly in the lead veins, and form the
veinstone accompanying galena, for which the mines are principally
wrought. At the mines of Allenheads spathose ore occurs both in
regular veins and in flats, while at Stanhope Burn the veins are so
charged with this mineral that at a spot where several of them
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occur in close proximity to one another, and which is further
enriched by the interlacing of numerous strings, the whole sur-
face has been removed by the Weardale Iron Company, and the
rock taken away by quarrying, a considerable amount of lead ore
being separated during the operation. In many places in this
district brown peroxide of iron is frequently mingled, especially
near the surface, with spathose ore, from which it has doubtless
been derived.

The red hmmatite from the vicinity of Whitehaven in Cum-
berland, and of Furness in Lancashire, is obtained either from
Carboniferous rocks or from those of Silurian age. Practically,
however, it is almost entirely derived from the former, since the
deposits in the Silurian rocks are of extremely limited extent.
The Carboniferous Limestone series, in which the principal deposits
occur in both districts, consists mainly, as before stated, of
alternations of limestones with shales and sandstones.

The sandstones and shales are generally very thin, often not
more than two or three feet, and seldom exceeding twelve feet, in
thickness. On the other hand, the limestone occurs in enormous
beds, sometimes exceeding 300 feet in thickness, and it is in these
thick masses of Mountain Limestone that the haematite is principally
found. The ore fills fissures and lake-like basins in this rock some-
times immediately below the drift, while at others it presents itself
in an irregular form deep down in the Carboniferous Limestone. It
is found in almost every bed, from the lowest, resting on the Silurian,
to the highest, forming the base of the Grits and Yoredale rocks, at
Whitehaven and Furness respectively. It is evident, therefore, that
there is a wide difference in the geological horizon of the various
deposits. In consequence, however, of the inclination of the lime-
stone and the extent to which it has been denuded, this difference
of geological horizon does not always affect the actual level of the
deposits, and many of them occurring in the lower beds are found
much nearer the surface than those in the higher ones.

At Whitehaven, some of the finest deposits of iron ore occur
in the upper beds of limestone, that is, in those lying immediately
below the Grits. At Bigrigg, Crowgarth, and Parkside, the ore is
found in large, irregular masses in the limestone immediately
under the Millstone Grit, one of the beds of which forms in each
case the roof of the deposit. In section these deposits present in
many respects the appearance of a bed, since they follow the dip of
the rocks in which they lie, and usually preserve a tolerably uniform
thickness, which in different deposits varies from four to above
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forty feet. The roof of sandstone, and the floor of limestone are,
in some cases, parallel for very considerable distances; at Parkside,
for instance, the roof and floor remain parallel for a distance of
nearly 200 yards. Fig. 48, from a sketch by Mr. J. D. Kendall,
represents a vertical section of that deposit taken along its line
of dip?

This affords a striking example of the way in which such
deposits sometimes vary in thickness. To the left of a the depth
of the ore is not less than sixty-five feet, while at b, only a
short distance from it, it does not exceed four feet. These vari-
ations in thickness are always due to irregularities in the limestone
floor, as the roof invariably forms a regular even plane having the
same general dip as the strata surrounding the ore. These vari-
ations in thickuess usually take place in the direction of the

F1a. 48.—Parkside iron ore deposit.

strike of the strata. But few of the deposits occurring immedi-
ately under the Grits are found to be at any great distance from
the upper edge of those rocks, and in many cases the ore comes
from beneath them up to the bottom of the drift, as shown
at ¢. Since, however, the inclination is somewhat great, the
deposit, as it extends towards the dip, rapidly becomes covered
by a considerable thickness of rock. The superficial extent of
these deposits is sometimes very large, that at Parkside having an
area of eighteen acres, while numerous others vary in size from
two to ten acres.

In Furness one deposit only has, as yet, been discovered in the
highest bed of limestone lying immediately beneath the Yoredale

1 “The Hematite Deposits of Whitehaven and Furness,” Trans. Manchester
Geol. Soc., vol. xiii. 1876, p. 231.

M
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rocks, This deposit is at Stank,and was discovered in searching
for coal.

The deposits in the intermediate beds are many and various.
Some of them, and especially those in Furness, lie immediately
below the drift in basins hollowed in the limestone similar to
those which occur in the lower beds. Others, and particularly at
Whitehaven, are at considerable depths in the limestone enclosed
in irregular caverns, which are sometimes at a depth of 35
fathoms from the surface, and are surrounded by limestone on all
sides. A good example of a lake-like deposit is seen, Fig. 49,
at the open cutting of the Crossfield Iron Company. In Furness
there are a great number of shallow basin-like deposits, all those
in that district, with but few exceptions, belonging to this class.

The deposits in the lower beds of limestone resting upon the
Silurian rocks are among the finest which have been found in the
Furness district. Amongst these may be mentioned those of Park

and Lindal Moor, the first of which extends over an area of fifteen
acres, and at one point has been proved to a depth exceeding 300
feet. The deposit at Lindal Moor is 900 yards in length and
about twenty-three yards wide. One or two very fine deposits
of h@matite occur in the lower limestone beds at Whitehaven, such
as those at Todholes and Woodend. The lower deposits usually
occur in dishes or hollows in the limestone immediately below the
drift, and in close promixity to rocks of Silurian age. Sometimes
they even rest upon Carboniferous Limestone on one side and upon
Silurian rocks on the other, as shown in Fig. 50. Both the Park
and Lindal Moor deposits rest partly on Silurian rocks, as do also
those of Todholes and Woodend. At Martin, in Furness, there is a
deposit of this class which, on account of the peculiar circumstances
under which it occurs, is worked like an open quarry. When first
discovered the ore was covered by about thirty feet of drift, which
has since been removed, thus affording an opportunity of thoroughly
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examining its form and character. It lies on the limestone, by
which on all sides, except one, it is surrounded. Where the lime-
stone is absent the ore rests upon the underlying slate, which
nises at a high angle from below that rock. The length of this
deposit is about 260 feet, and its width 200 feet, while the greatest
depth to which it has yet been proved is somewhat over fifty feet.

Wherever these deposits occur, whether just below the Grit, in
the middle of the series, or down upon the Silurian slates, their
longer axis almost invariably coincides with the direction of the
principal joints of the limestone rock.

At Whitehaven the hamatite is usually of a dull red colour,
and occurs in hard compact masses containing numerous irregular
cavities, which are frequently lined with a botryoidal concretion

Pio. 50.—Iron ore deposit on Carboniferous Limestone and Sflurian Slate.

generally known as kidney ore, on which a coating of specular iron
ore, quartz, and calcite is sometimes formed. In Furness the ore, with
the exception of that worked at Lindal Moor, Stank, and Askam,
differs materially from that at Whitehaven. Instead of the hard
solid masses met with in that district, the Furness ore consists, to
a large extent, of a loose incoherent material composed of delicate
filmy scales of micaceous iron, soiling the fingers when touched,
and enclosing fragments of more compact ore, many of which
have a concretionary structure. The harder beamatite, locally
known as blast ore, is entirely employed for smelting purposes,
while the softer variety, sometimes known as smiity ore, is much
used for the purpose of forming the bottoms of puddling furnaces.
Some of the harder ores of the Furness district exhibit very distinct
lamination, and concretionary nodules of hamatite are met with
M 2
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which, on being broken, are found to contain a nucleus of limestone.
No fossils have ever been found in the soft crystalline ore of
Furness, but large numbers, all belonging to the Mountain Lime-
stone series, occur in the more solid ores of Lindal Moor. It would
appear probable that the heematite which now fills the basins and
hollows of the Carboniferous Limestone, was originally deposited in
the form of carbonate of iron, It will be easy to conceive that, on
a solution of this substance in water containing carbonic acid
coming in contact with limestone, the carbonate of iron would be
deposited, and its place in the solution occupied by carbonate of
lime. When the carbonate of iron had been thus formed, its
change into heematite was probably effected by a process somewhat
analogous to that by which siderite is so often seen to become con-
verted into brown iron ore. That a portion at least of the hematite
has replaced carbonate of lime becomes evident from the fact that
numerous fossils of the Carboniferous Limestone have been found in
the ore, and that some of them have only been partially converted
into oxide of iron.

It is somewhat difficult to conceive whence the iron forming
such numerous ferruginous deposits could have been derived, but
Mr. Kendall suggests the Coal-measures as the probable source from
which this metal originally came. He further remarks that it
is well known that the sandstones and shales belonging to this
formation contain a large percentage of iron ; and as these rocks at
one time probably overlaid the Carboniferous Limestones of the
hsematite-producing districts, he thinks it not improbable that a
large proportion of the iron in the limestones may be the result of
the percolation of waters, charged with carbonic acid gas, through
superincumbent beds which have been since removed by
denudation.

In 1881, the production of red hzmatite in Cumberland was
1,615,685 tons, while that of Lancashire amounted to 1,189,836
tons.

IRONSTONES OF THE COAL-MEASURES.—The clay ironstones
of the Coal-measures, which have so largely contributed to the
prosperity of the iron trade of this country, often form layers of
more or less regular nodules enclosed in beds of shale and clay
belonging to that formation. They occasionally coalesce into
beds, which are seldom of any considerable extent or thick-
ness. These nodules consist essentially of carbonate of iron,
associated with varying proportions of the carbonates of lime and
magnesia, together with a certain amount of argillaceous matter;
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they also usually contain a little carbonate of manganese. Such
nodules are often concretionary, and contain fresh-water shells,
remains of fish, fragments of plants, and other fossils. The
concretions are sometimes of such small size that they have
received the name of pins, pennystones, and other similar appella-
tions; occasionally they are large spheroidal masses exceeding a
foot in diameter. The larger nodules are frequently divided by
irregular cracks which are usually filled by such minerals as
calcite, quartz, iron pyrites, chalcopyrite, blende, and galena.
Millerite or sulphide of nickel and mineral tallow occur together
in the nodules of clay ironstone of Glamorganshire. ~When re-
cently broken, nodules of ironstone commonly exhibit a light grey
or bluish tint, which on exposure to the atmosphere rapidly
becomes brown through oxidation.

Ores of this character almost invariably contain phosphoric acid,
of which the proportion occasionally exceeds one per cent. Clay
ironstone sometimes exhibits the regular structure known as cone
in cone, in which case the seam has a tendency to divide into cones,
the bases of which are towardsthe top and bottom of the bed,
while their apices are directed towards the centre. The English
coal-fields most plentifully supplied with ores of this class are
those of Staffordshire, Shropshire, Yorkshire, and Derbyshire ;
while but little is found either in Northumberland, Durham, or
Lancashire. Clay ironstones are worked both in North and South
Wales and in Scotland. They are sometimes brought to the surface
through the pit employed for extracting the coal, but at others they
are obtained by entirely independent workings. To give the names
only of all the numerous localities which have in this country
furnished clay ironstone from the Coal-measures, would occupy
more space than can be devoted to the subject; but a brief notice
of one or two of the more productive localities may, nevertheless,
not be out of place.

In the northern district of Yorkshire, the lower series of the Coal-
measures is developed to an extent not observable in the south by
the occurrence of beds of coal and ironstone which have given rise
to the establishments of Low Moor, Brierley, Bowling, &c., celebrated
for the production of the best iron made anywhere in Great Britain.
Coal-measure ironstones are alone employed in this district, and
are principally derived from two groups of strata, known respec-
tively as the White-Bed Mine and the Black-Bed Mine; a third,
called the Brown Rake, was also formerly worked. The ores are
not without phosphorus, and neither their abundance nor their
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by rootlets of stigmaria, which are sometimes filled with blende.
The most remarkable of all the ironstones of the district is the
Black Shale Rake, which is nowhere so well exposed as at Hady, near
Chesterfield, where it has been long extensively worked for the use
of the blast furnaces at Staveley. At this place it consists of
two distinct bands of grey shale respectively 15 and 21 feet in
thickness, loaded with numerous rows of ironstone nodules, and
separated from one another by 12 feet of unproductive shale.
Among the ironstones of this deposit the “ cheeses ” are remarkable
for the symmetrical cracks caused by contraction ; these are mostly
filled with carbonate of lime, containing iron and magnesia, but
open cavities lined with crystals of blende are of frequent
occurrence. The “Old Man” and “Old Woman” are compact grey
ironstones with a somewhat conchoidal fracture which exhibit
numerous cracks, and these, in addition to impure carbonate of
lime, contain well-defined crystals of blende and galena. Copper
pyrites and iron pyrites sometimes occur in the same way, and not
unfrequently occupy the hollows left around the casts of fossil
shells. The upper measures of the Dale Moor Rake, the lowest
known in the Derbyshire coal-field, yield an ironstone of a light
drab colour, which is remarkable for the number of plant re-
mains, particularly rootlets of stigmaria, which it encloses. The
“Bottom Balls” are especially remarkable for containing a large
number of entire fishes, usually from four to seven inches in length,
belonging to the genera Palwoniscus and Platysomus. The large
number of courses in these lower ironstone measures, together with
the great thickness of the shales in which they occur, renders it
necessary to work them by open cuttings on a very large scale.

The yield of ironstone per acre must necessarily depend on the
thickness of the nodules in the measures and the closeness and
regularity of their distribution. The Tankersley Mine, in Yorkshire,
a bed of shale about six feet in thickness, contains from twelve to
fifteen inches of ironstone, and yields, on an average, 2,000 tons per
acre. At Parkgate the Old Black Mine, 11 inches thick, yields
1,500 tons per acre, while the Clay Wood Mine, only five and a half
inches in thickness, produces from 1,500 to 1,600 tons per acre. In
Derbyshire, at Butterley, the Brown Rake, consisting of three thin
measures of ironstone in a band of shale, of the total thickness
of four feet six inches, yields 2,500 tons per acre.

The Chesterfield Black Shale Rake, which is the most productive
in the district, consists of twenty bands of ironstone nodules
varying from half an inch to two and a half inches in thickness,
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aspect to the country. The pits and irregular openings thus ex-
tending over considerable areas, render them totally unfit for
cultivation, and these old workings having been planted, the line
of outcrop of the ironstone is often distinctly indicated by the belts
of trees.

The more important of the ironstone beds worked in the West
Riding are comprehended within a thickness of about 1,000 feet
of measures extending between the Barnsley Thick Coal and the
Silkstone ; they are known as the Swallow Wood, Lidgate, Tan-
kersley, Thorncliffe Black Mine,! Thorncliffe White Mine, and Clay
Wood Mine.

The Derbyshire coal-field being the extension, southward, of
that of Yorkshire, many of the same seams may be traced con-
tinuously over a large area. The ironstone beds, however, usually
possess less persistency of character than the coal-seams, and
comparatively few of them continue to be productive throughout
the whole length of the county. On the contrary, many of the
seams of nodular ironstone, locally called “rakes,” which in certain
districts are extensively worked, are found, within a comparatively
short distance, either to thin out, or to so deteriorate in quality as
to be unworkable.

The total thickness of the Derbyshire Coal-measures may be
taken at about 2,000 feet, including the very productive seams
of the Pender Park, Staveley, and the Cement Rake and Brown
Rake of Alfreton and Butterley. The Dog-tooth Rake of Chester-
field, 24 feet in thickness, is one of the most important in this
field, and is remarkable from the fact that one or more of its beds
are almost entirely composed of fossilized shells of Anthracosia. This
shell, probably of several species, is found in great abundance in
all the upper beds of ironstone. In some of the lower measures,
it is either less numerous or is altogether wanting; among the
very lowest, however, it again appears.

With regard to the prolongation of these beds southward, much
confusion has arisen from the same name having been given to dis-
tinctly different beds, yielding ores of a somewhat similar character.
The 'Three-quarter Balls form a very productive seam below the
Furnace Coal at Clay Cross. Many of the lower ironstones contain,
in addition to bivalve shells, the remains of various coal plants,
which frequently form the surface of a nodule, and have become
completely converted into iron ore. The balls of ironstone in this
neighbourhood are often pierced by small tubular hollows left

1 In the iron districts the word mine is often used as synonymous with ore.
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The inner portions of concretionary masses of this iron ore often
consist, for the most part, of carbonate of iron, while the outside
is entirely composed of brown hematite, the latter having
evidently been derived from the former through the action of
atmospheric influences. Analysis shows that the greyish mineral
of the Northamptonshire ores contains from 60 to 80 per cent.
of carbonate of iron, with from 10 to 25 per cent. of insoluble
matter chiefly consisting of sand and siliceous oolitic concretions.
Besides these, but existing in smaller proportions, are the
carbonates of lime and magnesia, with carbonaceous matter, water,
sulphur, ‘and phosphorus. The last of these bodies is, unfor-
tunately for the value of the ore, invariably present, and frequently
in considerable quantity.

Mr. S. Sharp has noted the following divisions of the beds in
the Northampton district 1—

Feet.
4.— White or grey sand and sandstone, sometimes

quarried as building-stone, containing a

plant-bed . . . . . . .. .00 12
3.—Thin ferruginous sandstone and shelly ferru-

ginous beds, very variable, being sometimes

entirely calcareous, at others consisting of

white sand and sandstone . . . . . . . . 30
2.—Coarse oolitic limestone . . . . . . . . . 4
1.—Ironstone beds containing Rynchonella varia-

bilis, R. cynocephala, Ammonites bifrons, &e. . 35

Upper Lias Clay.

At Banbury the beds are only twelve feet in thickness.

The Northamptonshire sands include the lower estuarine
series of Professor Judd, which comprehends the brown and white
sands with argillaceous beds and plant-remains occurring above the
fossiliferous beds of ironstone. It would appear from the investi-
gations of this geologist that, although in the southern part of
Oxfordshire and in South Northamptonshire the Northampton
sands are the equivalent of the lower zone of the Great Oolite
and of part of the Inferior Oolite, in the northern part of North-
amptonshire and in Lincolnshire they include the lower estuarine
series, and occur beneath the Collyweston slates and Lincolnshire
limestone of the Lower Oolite. In Wiltshire the same ore

1 ¢ The Oolites of Northamptonshire,” Quart. Jour. Geol. Soc. vol. xxvi. 1870,
p. 354,
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occurs in the Coral Rag, and in Buckinghamshire in the Lower
Greensand. In the latter locality the bed is not continuous, but
nodular masses of limonite are scattered through a stratum of
brown sand about fifty feet in thickness. The nodules of ironstone
are frequently hollow and enclose loose white sand. After a
careful study of the district, Professor Judd has arrived at the
following conclusions relative to the origin of the sands and iron
ores of Northamptonshire.!

“We find in what is now the midland district of England, and
at a period separated by a long interval of time from that of the
last deposit in the area, the Upper Lias Clay, that a number of con-
siderable rivers, flowing through the Palzozoic district lying to the
north-west, formed a great delta. Within the area of this delta the
usual alternations of marine, brackish water, and terrestrial con-
ditions occurred, and more or less irregular accumulations of sand or
mud in strata of small horizontal extent, took place. Subsequently,
and probably in consequence of the gradual depression of the area,
the conditions were changed, and in an open sea of no great depth
by the abundant growth of coral reefs and the accumulation of
dead-shell banks, during enormous periods of time, the materials
of the great deposits of the Lincolnshire Qolite limestone were
formed. On a re-elevation of the area the former estuarine
conditions were also re-produced, and similar deposits, but. of an
argillaceous rather than an arenaceous character, were formed.
Confining our attention to the earlier of these two estuarine series,
that of the Northampton sand, we must imagine the beds as being
carried down to great depths in the earth by the deposition upon
them of the superincumbent strata. But at the same time
another most important cause has come into operation, namely,
the passage through some portions of the rock of subterranean
water containing carbonate of iron in solution. By this agent,
carbonate of iron was deposited in the substance of the rock,
while portions of the siliceous and other materials were dissolved ;
and these entering into new combinations, were in part re-deposited
in the mass of the rock in the form of oolitic grains, and in part,
probably, carried away in solution. During the existence of the
beds under a great pressure of overlying rocks, they would like-
wise become consolidated and jointed. These metamorphic
processes would probably take place with extreme slowness and
may possibly be still going on, where the rock remains deep seated
in the earth; by their means, portions, greater or less, of the sandy

1 ¢ Geology of Rutland,” Mem, Geol. Survey, 1875, p. 136,
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strata, but always those resting immediately on the impervious
Upper Lias Clay, would be gradually converted into solid and
jointed rock beds, composed principally of carbonate of iron. The
next stage in the course of alteration in these rocks would
commence when, by the action of denudation, portions of them
were brought again near the surface so as to be traversed by the
atmospheric waters entering them as rain, and passing away from
them as springs. The action of this water is, as we have seen, to
remove the carbonic acid and soluble salts, to change the protoxide
ofiron into hydrated peroxide and to re-distribute it in such a manner
as to produce the remarkable cellular structure of the rock, and
also the mamillated, botryoidal, and sculptured surfaces. Finally,
by mechanical, as distinguished from chemical, sub-aerial denu-
dation, the beds of Northamptonshire iron ore nearest the
surface are disintegrated and broken up, and the softer and less
ferruginous portions to some extent carried away in suspension,
and thus deposits composed of the harder and denser materials
formed, constituting the bed usually worked as an iron ore.”

The history of the working of the ores from the Oolite of the
Midland district is a somewhat remarkable one. There is evidence
that as long ago as the Roman occupation of the country these
beds of iron ore were extensively worked, since in a wood near
Oundle, heaps of broken ore, piles of the same ore after calcination,
and very large quantities of slag are found associated with Roman
coins and pottery. It is further known, from existing documents,
that during later times Rockingham Forest vied with the Weald
of Kent and Sussex as an iron-producing district. In both these
areas the presence of beds of iron ore in the close proximity of
an almost unlimited supply of timber, had, at an early date, led to
the erection of numerous forges of the kind then employed for
the manufacture of iron. Throughout nearly the whole of the
Northamptonshire district large accumulations of rich iron slags
are still met with. They are dark in colour, very heavy and
compact, and apparently contain a large proportion of the iron
originally present in the ores treated.

The re-introduction of the Northamptonshire ore into the
iron trade is of comparatively recent date, and is principally due
to the exertions of Mr. S. H. Blackwell, of Dudley. In the
year 1851, Dr. Percy directed the attention of this gentleman to
a specimen of iron ore which he had received from the district
in question. Mr. Blackwell thereupon inspected the locality, and
his investigations resulted in the discovery of an extensive deposit
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of ore, the importance of which to the iron trade of the present day
is very great.

In Lincolnshire, iron ore occurs in the Lower Lias limestones
and shales characterised by a great abundance of Gryphea arcuata.
The ironstone bed, which is 27 feet in thickness, is worked at
Scunthorpe and Froddingham in the northern part of the county.
Two beds of ironstone, measuring respectively 4 and 8 feet in
thickness, are met with in North Lincolnshire, and are probably
the equivalent of some of the Cleveland ironstones. The Marl-
stone rock yields a good ironstone in some parts of South Lincoln-
shire, and evidence still exists of its having been formerly
worked.

The Northampton-sand ores were in former times extensively
dug in South Lincolnshire, but at the present time no workings
in this formation are being anywhere carried on within the limits
of the county.

The Ironstone Junction Bed at the base of the Upper Estuarine
series, the equivalent of the Stomesfield Slate of the south of
England, is a band of good ironstone about a foot in thickness,
which has been worked at. various times, although not recently.
A few years since a considerable amount of ironstone in the form
of balls was obtained from the Great Oolite Clay at Overton,
near Peterborough, but the workings have been abandoned in
consequence of the large amount of waste material it was found
necessary to remove.

In the beds of the Tealby series, Middle Neocomian, is found a
brown oolitic ironstone in a bed averaging nearly six and a half feet
in thickness; this ore closely resembles that worked near Salzgitter
in Hanover, and is of the same geological age. Fossils are extremely
numerous in this deposit, and the ore, which is highly calcareous,
contains from 28 to 33 per cent. of iron. It is much used for
mixing with certain clay ironstones from Yorkshire.

The Upper Sandstone Shale and Coal of Professor John Phillips, -
probably of the age of the Great Oolite, contains, in Yorkshire,
bands of ironstone in nodules, some of which have been formerly
worked. The Lower Sandstone Shale and Coal of the same
author, ‘equivalent to the upper part of the Inferior Oolite, also
contains similar nodules.

The celebrated ironstone of Cleveland occurs in the Middle
Lias, and is divided by bands of shale and pyrites into several
beds. Where best developed it has a total thickness of above
twenty feet, the two principal beds being known respectively as
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the Pecten and Awicula seams, from the prevalence in them of
fossil shells belonging to those genera.

The usual colour of the ore is a dull bluish-green, arising from
the presence of silicate of iron ; its structure is oolitic with numerous
interspersed fossils. As raised from the mine these ores contain
from 28 to 32 per cent. of iron, and the beds worked extend,
inland, from Redcar to Eston near Middlesborough, on Tees. At
Eston the main bed attains its greatest thickness, presenting
in some places a section of nearly twenty feet of undivided iron-
stone. From Eston the bed gradually, but slowly, thins off towards
the south-east, but in the opposite direction this takes place
more rapidly. The whole of the workable Cleveland ironstone is
in-the highest part of the Middle Lias, the yield per acre varying
from 20,000 to 50,000 tons.

The “Dogger” includes the lower part of the Inferior Oolite
and the sands below it; and in some places, as. at Rosedale,
these form a rich iron ore. This ironstone, which is magnetic and
polar, sometimes contains as much as 50 per cent. of iron, and
has a greenish, blue, or black colour, with the imperfect oolitic
structure observable in unweathered specimens of Northampton-
sand ore.

The production of iron ore in the Cleveland district during the
year 1881 amounted to 6,538,471 tons.

That of Northamptonshire was 1,270,544 tons; of Lincolnshire,
1,021,506 tons; of Wiltshire, 89,222 tons; and of Oxfordshire
8,614 tons.

SHROPSHIRE.—Shelve, a remote parish in the western part
of Shropshire, is situated in the centre of a tract of country
where Silurian strata of Llandeilo age are prominently developed.
Although the stratified rocks in the district around Shelve
principally belong to the Llandeilo formation, they are to some
extent surrounded by a fringe of Upper Llandovery and Wenlock
deposits, which repose unconformably upon them. On the east, the
Llandeilo and the Lingula Flags rest on the Cambrian strata of the
Longmynd range.!

The strata of the Lower Llandeilo series are of a very uniform
character, consisting of fine-grained shales which vary considerably
in hardness, but which never present any indication of slaty
cleavage. When first brought to the surface out of the mines
the fracture of this rock exhibits a massive slaty character, but

! G. H. Norton, ‘* The Geology and Mineral Veins of the Country around Shelve,
Shropshire,” Proc. Liverpool Geol. Soc. September, 1869,
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after being for some time exposed to the action of the atmosphere
it splits along its planes of bedding, and assumes the appear-
ance of a shale. At the surface is principally a soft, splintery
shale, but in the vicinity of the numerous greenstone dykes it
frequently becomes a hard ,slaty rock. Generally speaking, the
strata are nearly black, although shales of a light shade occur
with less frequency ; while in certain localities thick flagstones are
interstratified with the other rocks. The lead veins of the Shelve
district have probably been worked, at various intervals, from a
period shortly after the Roman occupation of Britain, as the
discovery of pigs of lead bearing the inscription of IMP HADRIANI
Avua. shows that, at the Roman Gravels Mine, ore was being raised
and smelted early in the second century of the Christian era.
The only extensive ancient excavations are those at the Roman
Gravels Mine, which still continues to be the most productive in the
district. These. openings originally consisted of three cuttings
following the course of the Sawpit, Roman, and Second North
Veins, and extending in the form of furrows up the hill side and
over its crest. Those on the outcrops of the two first named veins
are still distinctly traceable, but that on the Roman Vein is by
far the most important excavation. In its present condition, this
presents the appearance of a deep trench extending up the side
of the hill, continued over the top, and, finally, ending in a series
of shaft-like openings, of which the mouths have generally fallen
together. At the end of the main opening, which is about 100
fathoms in length, the lode has been followed underground, and its
contents worked out. The width of the vein, where it is visible,
is from 2 to 6 feet, and the open workings on the back vary
from 25 to 50 feet in depth. Lower down in the mine the
width of the lode varies from six inches to ten feet. Immediately
beneath the point at which the ancient miners finally suspended
their operations, a large mass of galena was found.

There are five different lodes at this mine, all of which are
comprehended within a strip of ground not exceeding 370 yards
in width; these are named, respectively, the Spring, Sawpit,
Roman, First North, and Second North Veins. The Second
North and Roman Veins run nearly parallel to one another;
both having a direction N. of W. and 8. of E., with a dip towards
the N.E. The First North, the Sawpit, and the Spring Veins
are also nearly parallel, but take a more westerly course. The
First North Vein has a S.W. dip, while that of the other two
is in a contrary direction. Both the Sawpit and Spring
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Veins are intersected at a small ungle by the Roman Vein.
The lodes are to a large extent composed of calcite with a
certain amount of quartz, and in addition to galena they contain
blende and iron pyrites; but few druses are found in them, and
well crysta.llized minerals are of rarg occurrence. At the Oven
Pipe Mine in this district the lode sometlmes contains small
cavities enclosing bitumen.

The Roman Vein is by far the most important, and, in modern
times, has yielded fully seven-eighths of all the ore which has
been raised from the mines. It is still producing a considerable
quantity of lead at the depth of 100 fathoms below the surface.
None of the veins have ever been worked more than a few fathoms
beyond the road leading from Bishop's Castle to Minsterly,
as the strata there change from a hard slaty rock into a soft shale,
in which they die out. A dyke of eruptive rock traverses the
Roman Vein and hardens the rock in its vicinity. This vein has
been followed in a south-easterly direction, and was lost in soft
shales as at the other extremity.

During the year 1881 the Roman Gravels Mine produced 2,921
tons of lead ore, of the value of £28,109.

Next after the Roman Gravels, the most important mine of the
Shelve district is Snailbeach. This, which is a very old working,
is situated to the north of the Gravels Mine, has been wrought for
a long period, and, after having been with the Bog Mine, now
abandoned, the richest in the neighbourhood, still yields a con-
siderable annual return of lead.

The workings are exclusively confined to one large lode,
although the existence of another to the south of it, and conse-
quently called the “ South Lode,” has been satisfactorily established.
The country rock is a hard, quartzose, slightly micaceous schist, of
a greenish-grey colour, and of Llandeilo age, which dips W.N.W.
at an angle of 60°, conformably with the Stiperstones; the strike
of the bedding ranges N. of E. and S. of W, parallel with the
Longmynd system. In the western part of the mine there are
alternations of soft shale with the harder rocks.

The average bearing of the lode is nearly true E. and W,
but for short distances it varies considerably from this course. It
crops out in the side of a hill facing the north, under which it dips
with a tolerably regular underlie of two feet in a fathom; its
richest portions usually bearing nearly E. and W. The levels
on the course of the lode are fifteen fathoms apart, and are con-
nected with a shaft about 200 fathoms in depth, by cross-cuts. In
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length the workings have been extended 400 fathoms east and
200 fathoms west of the shaft.

The line of junction between the lode and the bedding of the
strata dips west at an angle varying from 45° to 55° with the
horizon ; this is precisely the dip of the shoots of ore, which are
remarkable for their regularity. A section showing the general
arrangement of the shoots of ore in this lode is given in Fig. 32,
page 50. Six principal shoots of ore have been discovered at
Snailbeach, and at a point west of the shaft the ore was, in one
level, as much as 75 fathoms in length ; still further west, the
alternations of soft shale with micaceous schist correspond with
the complete impoverishment of the lode, which becomes of no
value in these soft bands. In its richer portions its width some-
times reaches ten feet, but when passing through shale it is
usually very small as well as unproductive.

The principal constituents filling the vein fissure are calcite,
which is often well crystallized, and forms a large portion of the
veinstone ; quartz, which is not of common occurrence, and is chiefly
found where the vein is enclosed in a hard siliceous rock; and
fragments of country rock, which are often enclosed in the vein.
Its metalliferous constituents are galena, both fine-grained and in
large facettes, both varieties being poor in silver, blende of two
kinds, one compact with a brown colour, and the other fibrous, and
of a yellowish hue, together with ordinary iron pyrites. Bitu-
minous matter has been found in small nests in the Snailbeach
lode, and the same substance abounds in a vein, which was worked
some seventy years ago, near Pontesbury. At Snailbeach the lode
even in its richest parts affords but a small proportion of massive
ore, and consequently nearly the whole of the lead-producing
material brought to the surface is subjected to the operations of
crushing and washing. The yield of the Snailbeach mine
for the year 1881 amounted to 1,946 tons of lead ore, of a value
of £18,500.

CHESHIRE.—The copper mines of Alderley Edge and Mottram
St. Andrews are situated in Cheshire, about four miles north
of the town of Macclesfield. The escarpment or “Edge” at
Alderley rises gradually from the eastern side of the plain of
Cheshire towards the east, but forms an abrupt ridge towards the
north. This ridge has been upheaved along the line of a large
fault bearing east and west, and throwing down the Red Marl on
the one side, and on the other bringing up the soft sandstone of
the Bunter, capped by a wall-like escarpment of Lower Keuper

N
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conglomerate which often breaks out conspicuously from among
the trees with which the side of the hill is covered. The beds
rise from the plain towards the east at an angle of from 5° to
10°, and the escarpment is continued for some distance southward
facing the east.

The general form of the Edge and its component beds is
shown in Fig. 51, after an illustration of Professor Hull, who first
determined the true horizon of the copper-bearing sandstones
of this locality.!

SuccessioN oF BEDS IN DESCENDING ORDER.

M.Redmarl . . .. .. ...... Red and grey laminated marls.
{Zvrgwnishdﬁgggy sandstones and marl.
. . ite and brown freestone.
b4 IWaterstones Lower | goft " white, yellow, and variegated
b: Freestor‘l: 1 Keuper sandstone
b? Copper-bearing sandstone ( sandstone ,
b Conglomerate 500 foot, | Hard quartzose conglomerate, under-

lain by bands of marl, forming the
base of the Keuper series.

Soft, fine-grained, yellow and red
sandstone, being the uppermost
member of the Bunter sandstone.

a Upper red and mottled
sandstone . . . . . . } Bunter. 3

Alder] Br.klgc Motiram St Andreus
k%p s Copper-works

F16. 51.—8ection from Alderley Edge to Mottram St. Andrews.

The metalliferous beds are those marked ! 12 at the base of the
Keuper series; the former of these, besides containing ores of
copper and other metals, is somewhat remarkable for its petrological
peculiarities. It consists, generally, of a whitish, firmly-cemented
conglomerate chiefly composed of well-rounded pebbles of quartz,
in all respects similar to those which occur so constantly in the
Pebble-beds of the Bunter. Copper, in the form of green and
blue carbonates, is disseminated throughout the cementing material
of this rock, at Alderley Edge to a very small extent only,
but in considerably larger quantities at Mottram St. Andrews,
about a mile to the north-east of the Alderley Edge workings.
The position of the conglomerate at Mottram, so far below and
beyond the base of its contemporaneous beds at Alderley, is

1 Edward Hull, ¢ On the Cop?er-bearing Rocks of Alderley Edge, Cheshire,”
Geol. Mag., vol. i. 1864, p. 65. K. Hull and A. H. Green, ‘“ The Geology of the
Country around Stockport, Macclesfield, Congleton, and Leek,” Mem. Geol. Survey,
1866, p. 39.
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due to the great east and west fault already referred to, which
throws down the beds to the north. The conglomerate is
here exposed in a quarry, in which, twenty-five years ago, copper
was first discovered in the district. For some years systematic
mining was carried on in this locality ; the copper-bearing material
being removed through a series of numerous shallow shafts. The
results obtained were, however, commercially unsatisfactory, and
the workings were therefore abandoned.

The beds formerly worked at Alderley lie above the band of con-
glomerate, and are marked 2 in the section. The impregnation of
copper minerals is confined to a breadth of some forty to fifty feet, in
three beds of sandstone, and beyond this width the cupriferous
impregnations rapidly die out on either side. The sandstone, which
exhibits a uniformly soft texture, is stained along a series of
imperfectly defined layers which are variously coloured green, blue,
red, or brown, in accordance with the nature and state of
combination of the metals present in largest quantity. In addition
to copper these sandstones contain sulphate of barium and small
quantities of lead, manganese, ironand cobalt. The lead is present
chiefly in the form of cerussite, but galena, pyromorphite and
vanadinite are also met with.

The lowest of the three metalliferous beds is sometimes as much
as sixty-six feet in thickness, but it varies considerablyin this respect;
it dips at an angle of about 12°, and it has been worked down-
ward for a distance of about 300 fathoms.

Above this, which is known as No. 1 bed, lies a seam of clayey
sandstone varying in thickness from one foot to six feet, and upon
this rests the metalliferous bed No. 2, which is 18 feet thick and
covered by about twelve feet of red clayey sandstone. Above this
sandstone is bed No. 3, also 18 feet in thickness, but which
has not been extensively worked. The section of the beds
in 1864, at the face of the workings, was as follows :—*

Fathoms.
Surface clay and red sandstone . . . .17
No.3bed . .. .. ... ... . 3
Red clayey sandstone . . . . . . . 2
No.2bed . .. .. .. )
Blue clayey sandstone . . . . . . . 1
No.lbed . . . . .. ... L. 11

Total?ﬁ fathoms.

1 G. C. Greenwell, *“ On the Copper Sandstone of Alderley Edge, Cheshire,”
Proc. S. Wales Inst. of Engineers, vol. iv. 1866, p. 44,
N 2
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The average amount of copper contained in the workable
portion of the metalliferous sandstone is about 14 per cent., with
traces of cobalt.

These mines were worked for many years with considerable
success, but the lease having expired in 1877 and the yield of
copper having somewhat fallen off, the workings were suspended,
and have not since been resumed. At this mine, the copper-
bearing sandstone was drawn up an inclined plane, by a drum
attached to the main shaft of an engine connected with a Cornish
crushing mill. After having been coarsely ground, without sifting,
the sand was taken to a number of tanks with perforated false
bottoms, in which it was treated with dilute hydrochloric acid.
Filtering rapidly through the ground sandstone the dilute acid
collected in the chamber beneath the false bottom, from which it
was constantly pumped and distributed over the surface of the
ore. The pumping was continued until the whole of the soluble
copper salts had been dissolved, the metal being afterwards
precipitated by the introduction of scrap iron into the liquors
drawn off into suitable receivers. The resulting copper precipitate
was sold to copper smelters in the usual way.

The liquors containing ferrous chloride, from which the copper
had been removed, contained a small amount of cobalt, and an
attempt was made to recover that metal in the following way.
The spent liquors from the precipitation of copper were run off
into a large reservoir, where, after having been allowed to oxidise
by exposure to the air, milk of lime was added. The precipitate
thus produced contained arsenic as well as cobalt, and was smelted
for speiss in a reverberatory furnace. The results obtained were,
however, not satisfactory.

An attempt was also made to render available the lead ores
contained in certain bands of the sandstone which, for the most
part, are distinct from those yielding the bulk of the copper ores.
With this view the more plumbiferous sandstones were ground
between burr-stones, and subsequently washed. A very large
proportion of the ore, which is chiefly cerussite, was, however,
found to float away in suspension in the water, and after numerous
trials it was found that the loss of lead incident on bringing the
ore up to a produce of 45 per cent. was so great, that it became
necessary to abandon the process.

LEAD MINES OF THE CARBONIFEROUS LIMESTONE.—The lead
mines of the extreme north of England are situated in the
counties of Northumberland, Durham, Cumberland, and Westmore-
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land. The surface of this portion of Great Britain varies in
character from extensive plains to mountains of considerable
height, exhibiting in some places a richly wooded and fruitful soil,
while in others little is to be met with but barren hills, with more
or less extensive pasturage in the valleys.

Beneath the comparatively flat land in the approximate vicinity
of the eastern and western coasts the upper members of the Car-
boniferous series contain valuable seams of coal, and from beneath
these rise the Lead-measures, consisting of various members of the
Carboniferous Limestone. They rise gradually towards the west
with an inclination greater than that of the general slope of the
country, so that they successively reach the surface over a large
area, attaining their highest elevation in the mountain of Cross
Fell, Cumberland. Similar outcrops occur in adjacent fells, or
elevated moorlands, and these, extending in a north and south
direction, form the western limit of the lead-mining districts of
the north.

The lofty range of elevated land constituting the Pennine
Chain, extends from Derbyshire to the Cheviots, and occupies a
ridge of from twenty to thirty miles in width, forming the central
portion of the north of England. It sometimes attains a height of
2,000 feet above the level of the sea, and is formed of a broad
anticlinal curve, which is much broken by large faults along
its north-west flank towards Westmorecland and Cumberland, as
well as along its western margin extending into Staffordshire. On
the opposite side, throughout Yorkshire and Derbyshire, the beds
are less disturbed, and usually dip at a moderate angle beneath the
Coal-measures. In many parts of this range are numerous and
extensive lead mines, which may be classified into the following
groups :—!

1st.—Mining districts connected with the River Tyne, and its
tributaries, the Nent, the East and West Allen, and the
Derwent ; namely, Alston Moor in the county of Cumber-
land, East and West Allendale in the county of North-
umberland, and the Blanchland and Derwent Mines in
the same county. In addition to these, which are dis-
tinct mining areas of considerable extent, there are
other valuable lead mines situated in isolated localities,
some of which are extensively worked, in the Valley of
the Tyne.

1 T, Sopwith, *‘ On the Lead Mining Districts of the North of England,” Trans.
N. Eng. Inst. Mining Engs. vol. xiii. 1864, p. 188.
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2nd. —The extensive mining district of Weardale, occupying
all the upper part of the valley of the River Wear and
its tributary valleys of Burnhope, Killhope, Wellhope,
Treshope, Rookhope, &c.

3rd.—An extensive district in and adjoining Teesdale, the
mines being situated chiefly in the valley of the River
Tees, and in adjacent portions of Yorkshire and West-
moreland.

The maximum thickness in the north of England of the Carboni-
ferous or Mountain Limestone is about 2,800 feet, which is made up of
alternating strata of limestone, sandstone, and shale, while between
them is interposed one thick layer of trap. The upper members
of the series appear at the surface, on the sides of the upper
valleys of the South Tyne, Wear, and Tees, forming the rocks in
which the lead veins of those districts are enclosed. At Alston
Moor, one of the principal mining centres of this part of the
country, the aggregate thickness of the Carboniferous Limestone
series does not exceed 1,037 feet, and consists of 183 feet of lime-
stone, 349 of sandstone, and 505 feet of shale.

The trap rock, or Whin Sill, which crops out at the surface in
two or three places only, may, at Alston Moor, be regarded as
forming the base of the metalliferous beds; the lower portion of
the Mountain Limestone is, however, visible at the surface on the
western escarpment of Cross Fell.

The table on page 183, constructed by Mr. Wallace, shows the
composition and total thickness of the Millstone Grit, and Mountain
Limestone rocksin Alston Moor and the adjoining mining districts.!

In the Alston district it is unusual for any member of the
series to be altogether wanting, but in the Tees-side and Trout-
beck mines the strata above the Whin Sill vary considerably, both
in thickness and in the order of their succession, from those found
in the mines near the River Tyne. In the Tees-side district a
greater thickness intervenes between the top of the Whin and the
bottomn of the Scar Limestone than at Garrigill on the Tyne, but in
the latter the Whin is very considerably thicker than in the former,
and the distance in each case batween the bottom of the Whinand
the bottom of the Scar Limestone is nearly equal.

The veins of the north of England may be grouped into three
classes, namely, veins, cross-veins, and quarter-point veins.

! W. Wallace, “ The Laws which Regulate the Deposition of Lead Ore in Veins.”
London, 1861, p. 17.
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GENERAL SECTION OF THE MILLSTONE GRIT AND MoUNTAIN LIMESTONE RocKs
A8 DEVELOPED IN THE ALSTON-MOOR AND ADJOINING MINING DiIsTRICTS.

No. Local Names. Sandstone, | Shale. Limestone.
' _ _
ft. in. ft. in ft. in.
1 | Coal (Brockwells) . . . . . ... .,
2 Slate C e e e e e e e e e e 15 0 3 2
3 GirdleBeds ..... e e e e 48 0
4 | Freestone . . . . ... ...... ' 52 0
Coarse Hazle Girdle Beds . . . . . ! 27 0
5 | MillstoneGrit . . . . . . . . .. I 27 0 27 0
6 | Hard Hazle! . . .. . .. .. .. 9 0 9 0
7 | Freestone . . .. .........| 460 6 0
i GreyBeds . . . . ... . ..., 15 0
8 Hazle .. ... ......... 10 6 44 6 |
9 | Alternating Grey Beds . . . . . . . { 88 0 |
10 | Grindstone Sill . . . . . . . . .. .24 0 33 0
11 Hazleand Coal . . . . . . . . .. | 9 8 10 0 !
12 ! Fell-top Limestone . . . . . . . . . ! 4 6
13 (Hazle. . . . . . ... ... ... 12 0 30 0
14 Do. ............... 9 0 12 0
15 | Do v oo v e 12 0 70
16 ngh SlateSill . . . . .. ... .. 24 0 7 6.
17 | LowSlateSill . . . . . . . . . .. 21 0 22 0
18 | Fiddlers Sill . . . . . . . . . .. 15 0 3 0
19 | Ironstoneand Coal . . . . . . . . . 4 6
20 | Firestone . . . . . e e e 30 0
| GirdleBeds . . . ....... 66 0
21 | Pattinsoun’s Sill . . . . . . . . .. 12 0 24 0
22 | Little Lime and White Hazle . . . . 5 0 9 0 6 0
23 | HighCoal Sill . . . . . . . . . .. 14 0 6 0
24 LowCoal Sill . . . . . . . . . .. 12 0 26 0
25 | GREAT LIMESTONE . . . . . . . . . 63 0
26 Tuft . . . ... .. ... ... 9 0 16 0
0 Limestone poxt ......... 1 3
27 |QuarryHazl®) . . . . . . . . ... 30 0 37 6
oy LA A
28 | Four Fathoms Limestone . . . . . . 24 0
29 | Nattrass GillHazle. . . . . . . . . 18 0 66 0
30 | Three Yards Limestone . . . . . . . 9 0
31 Six Fathoms Hazle. . . . . . . . . 36 0 10 6
82 | Five Yards Limestone . . . . . . . 15 0
33 |SlatyHazle . . . . .. ... ... 12 0 18 0
34 | SCAR LIMESTONE ., . . 80 0
« High Coppcr Hazlc .
Cockleshell Lime | i
35 | Alternating beds’ Low do. do. .| 35 0 | 90 0 | 14 0
[Poat Lime [
Tyne-bottom Flate - |
36 | Tyne-bottom Limestone . . . . . . . 24 0
37 | WhetstoneBed . . . . . . . . .. 6 0
38 | WHINSILL . . ... ... L. 120 0 9 0
89 |Hazle. . ... .......... 10 0 11 0
40 | Do . . . .. ... "'11 6 3 0
41 Do. . . .. ... ... ... 18 0 9 0
42 | Jew Limestone . . . . . . . . . . . 70 24 0
43 Slate . . . . . .. ... ... .. 15 0 4 6
44 | Little Limestone . . . . . . . . . . 15 0 18 0

1 Hazles are compact sandstones.
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GENERAL SECTION OF THE MILLSTONE GRIT AND MoOUNTAIN LIMESTONE Rocks
AS DEVELOPED IN THE ALSTON-MOOR AND ADJOINING MINING DISTRICTS—

(continued).
. No. Local Names. Sandstone. Shale. Limestone.
ft. in. | ft. in. | ft. in.

45 |Hazle. . . . . . . . .. . . ... 51 O 24 0
46 | Smiddy Limestone . . . . . . . . . 31 6
47 |Hazle. . . . . . . . ... .. .. 12 0
48 | Limestone . . . . . . . . . . . .. 4 6 25 6
49 |Hazle. . . . . . . . . ... ... 12 0 5 0
50 | Robinson’s Lime . . . . . . . . .. 21 0O
51 |Hazle. . . . . . . . . ... ... 9 0 3 0
52 | SCAR LIMESTONE . . . . . . . . . . 12 0 |[132 O
53 | Freestone . . . . . . . . . . . .. 6 0 86 0
54 | Limestone . . . . . . . . . . .. 12 0
55 | Freestone . . . . . . . . . . ... 105 0 9 0
56 Do. . ... ... ... 7 6 9 0
57 Do. . .. ... 0L 7 6 9 0
58 Do. . . . .. ... 9 0 9 0
59 | Limestone. . . . . . . . . . ... 7 6
60 | Hard Freestone . . . . . . . . . . 12 0 42 0
61 | Seven-inch Cual with Plate . . . . . 129 7
62 | Freestone . . . . . . . . . .. .. 80 0 7 6
63 | Limestone . . . . . . . . . . . .. 18 0
64 | Freestone . . . . . . . . . . . .. 174 0 60 0

Totals. . . . .. .. 1133 2 (1171 3 | 480 3

The first class, sometimes called rake veins, or right-running
veins, comprehends all those coursing approximately east and west
but varying in direction between N. 60° E. and S. 60° E. Veins
belonging to this class are usually metalliferous, and are more
frequently productive when enclosed in hard rocks, particularly
in limestone, than when their walls consist of shale or of some
other soft material.

The second class comprises all veins whose direction is nearly
north and south. They usually displace those belonging to the
first class, and are less variable in their course. In the strata above
the Great Limestone they are rarely metalliferous, and seldom even
contain any considerable amount of veinstone. In the Great Lime-
stone they have, in the aggregate, yielded large quantities of galena,
while in the strata beneath it they frequently produce ores of
both lead and copper.

The veins belonging to the first two classes which cross one an-
other nearly at right angles, are sometimes intersected by a class
of smaller veins having an intermediate bearing and hence called
quarter-point  veins, the “ point” of a vein being the local term
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indicating its bearing. These intermediate veins traverse the
country in two different directions, the one being S. 55° E. and
the other S. 55° W. Like the veins of the second class they
contain but little veinstone in the beds above the Great Lime-
stone; in the strata below it, however, they are often filled with
iron pyrites, copper pyrites, calcite, &c. They seldom contain
lead ore.

Veins of all classes have in this district usually been formed
along lines of fault. The “throw " is the term locally employed
to signify the vertical disruption which generally occurs along the
course of the more considerable veins. The perpendicular distance
between the corresponding strata on the opposite sides of the same
vein varies in Alston Moor from a few inches to 300 feet, and there
is, moreover, a remarkable correspondence between the dip and
throw of veins, which, although not without exceptions, is never-
theless very general.

If an east and west vein throws the strata up on its south side
the dip or hade will generally be towards the north, and wvice versd ;
the dip is usually opposite the side on which the strata are highest.
Mr. T. Sopwith gives the following instance of the variable throw
of the same vein in different localities, as exemplified by Old
Carr’s Cross-vein in Alston Moor. This powerful vein throws up
the strata at—!

Middle Cleugh Second Sun Vein . . . . 42 feet.
Middle Cleugh Vein. . . . . . . . . 48 ,,
Carr'sVein. . . . . . . ... ... 60 ,,
Broomsberry . . . . . . Soooooo .. 7”2,
Nentsberry Greens . . . . . . . . . . 162

In the Alston-Moor district a vein is said to be weak when the
strata on either side are but slightly displaced, and strong when the
difference of level between similar strata is considerable. In
addition to the difference in the level of corresponding strata which
so frequently occurs on the opposite sides of a vein, the veinstone
itself is sometimes traversed by a longitudinal fissure with well-
defined slickensides upon its faces. In the upper parts of Alston
Moor, the quarter-point veins are usually small and their throw
only a few inches, the largest, which is about six feet, occurring at

! ¢ Mining District of Alston Moor, Weardale, and Teesdale,” Alnwick, 1833,
p. 107,
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the Nenthead Mines. In the lower part of the field, the veins
belonging to this class are much stronger, and one of them in the
Rodderup Fell Mine, throws up the north-west side no less than
forty feet.

The very remarkable fault known as the Great Sulphur Vein
traverses the country in a westerly direction for a distance of
nearly eight miles, from Hard Rigg Edge, Melmerby Fell, where it
terminates against a S.W. fault, to the neighbourhood of Burn-
hope Seat on the borders {of Durham, where it breaks up into a
number of comparatively small branches which again unite near
Hiddenhole Mine. Westward of this point it intersects a vein
which has been worked in the Sir John Mine. After penetrating
the Sulphur Vein, which was no less than 180 feet in width in this
place, the miners found the Sir John Vein to have been shifted
horizontally 20 fathoms. The high level on the north side of the
Sulphur Vein is driven in the plate overlying the Scar Limestone,
while on the south side it is in the shale under the Cockleshell
Limestone, indicating a vertical displacement of about 100 feet.

A little further west the Sulphur Vein is seen on the banks of
the South Tyne a little below the Tynehead Smelt Mill, which is
built on the Whin Sill, through which the river has cut a narrow
gorge terminating in a waterfall of about forty-six feet in height.
The Whin Sill abuts against the Sulphur Vein, which on the north
side throws in the Tyne-bottom Limestone, which again forms the
bed of the river.!

This vein is mainly composed of iron pyrites in a matrix of
quartz, with here and there large masses of pyrrhotine, the latter
containing a small proportion of nickel and a trace of cobalt. The
low level in the Sir John Mine has also been driven through the
Sulphur Vein, which was found to consist of enormous masses of
iron pyrites containing a little copper. Copper ore occurs in the
Sir John Vein, as well as in several others in Tynehead, in strata
ranging from the top of the Scar Limestone to that of the Tyne-
bottom Limestone, but more particularly in the beds known as the
Copper Hazles. West of the Tyne the Sulphur Vein crosses a hill
called Noonstones, where it consists almost entirely of white quartz,
and descending on the other side it is seen in Cross Gill, where
it is said to have been at one time worked for gold. At this place
the vein consists of a matrix of ferruginous quartz with patches of

1 C. E. De Rance, “On the Occurrence of Lead, Zinc, and Iron Ores in some
Rocks of Carboniferous Age in the North-West of England,” Geol. Mag. vol. x.,
1873, p. 303.
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iron pyrites and pyrrhotine. Still further west it was met with in
a mine at Smitter Gill, where masses of pyrrhotine may still be
seen on the surface together with fluor spar and other lode stuff
derived from lead veins. Many of the veins in this district when
poor for lead yield hydrated oxide of iron, and, when sufficiently
large, are sometimes worked for that ore. On the south side of the
Great Sulphur Vein at an average distance from it of nearly a mile,
the country is traversed, in a nearly parallel direction, by a trap
dyke. No displacement of the strata takes place, and where opened
upon by mining operations at its intersection with the Douk Burn
Vein no trace of the vein was seen in the dyke, but when the latter
had been cut through, the vein was found in its proper position on
the other side. It therefore appears that the intrusion of the
whin dyke was posterior to the formation of the metalliferous east
and west veins of Alston Moor.

In addition to the three classes of veins before described, large
quantities of lead ore are sometimes obtained from flats. Veins,
however irregular may be their width, have usually walls or cheeks
which maintain the fissure-like character of the opening. 1In cer-
tain members of the lead-bearing strata in this district, however,
and especially in the Great Limestone and the Scar Limestone, the
veins sometimes branch off laterally into flats which are often very
productive. These flats vary as much in their size and charac-
teristics as do the veins themselves. When in the region of flats
the miner sometimes cuts into caverns of varying extent, either
lined with crystals of calcite, blende, galena, &c. or filled with clay
or veinstone. An opening often connects such flats with a vein,
and under those circumstances they frequently produce large quan-
tities of ore. Occasionally flats extend over considerable areas and
terminate suddenly at a dack or joint in the strata. Flats situated
at a distance from a large vein have often numerous strings or
leaders running into them; this term being applied by miners,
because by following them they are often led to the flats them-
selves.

The minerals most frequently occurring in the lead veins of this
region are quartz, calcite, iron pyrites, blende, galena, fluor spar,
and sulphate of barium. In the strata included between the
Grindstone Sill and the top of the Little Limestone, the amount of
quartz deposited in the veins is less than might have been expected
from the generally siliceous nature of the rocks; fluor spar, calcite,
and oxide of iron being the prevailing minerals.

In the Little Limestone of the Nenthead district the veins
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frequently contain much blende and iron ore, and a greater
proportion of quartz than is usually found in the sandstones
above. Calcite and fluor spar are occasionally met with in this
limestone and in the Coal Sills below. Blende is commonly
accompanied by quartz, although the converse does not follow,
since veins almost filled with this mineral often contain no
sulphide of zinc.

In the veins in the Great Limestone a greater variety of
minerals is found than in those of any of the strata above. Fluor
spar is, however, rarely met with in any considerable quantity in the
Nenthead Mines, although it must have been at one time tolerably
abundant, as pseudomorphs in quartz after fluor spar are by no
means uncommon.

At Garrigill, calcite and fluor spar occur abundantly in the
Great Limestone, the veins being in many places almost filled with
these minerals. In the Weardale and Allenhead districts the veins
in all the strata are chiefly filled with galena, calcite and fluor
spar.

In the sandstones below the Great Limestone the east and west
veins generally contain more quartz than they do in the strata
above. Both the right-running veins and the north and south veins
contain much imperfectly crystallized quartz in the Scar Limestone.
The veins which have been worked for lead in the Tyne-bottom
Limestone often contain much calcite, although quartz is by no
means uncommon. In the flats in this limestone beautifully
crystallized calcite occurs.

In the Tyne-bottom mines some of the veins have been partially
explored in the Whin Sill, where they were found filled with calcite
and spathose iron ore, but containing no galena.

The principal veins of the north of England divide the whole
of the strata of the Carboniferous Limestone series, which are
brought variously in opposition to one another by the dis-
locations usually accompanying vein fissures in that region.
Instances have from time to time been recorded of veins being
productive under almost every possible circumstance of opposition
of the strata, but certain beds have nevertheless long been favourably
known for their richness in lead ore. In different mining districts
different limestones are thus favourably distinguished, but in the
country around Alston Moor, Teesdale and Swaledale, the Great
Limestone is by far the most productive stratum.

In confirmation of this, the following extract relative to the
actual quantities of lead ore obtained from all the beds in the
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manor of Alston Moor, during the year 1822, is given from Mr. J.
Taylor’s Report on mineral veins :—!

Great Limestone . . . . . . 20,827 bings ?
Little Limestone . . . . . . 287 ,,
Limestone Beds ' Four-fathom Limestone . . . 91
Scar Limestone . . . . . . . 90 ,,
Tyne-bottom Limestone . . . 393
————— 21,688 bings
rHigh Slate Sill . . . . . . . 107 bings
lower Slate Sill . . . . . . 289 ,,
Firestone . . . . . . . . . . 262 ,,
Pattinson’s Sill . . . . . . . 259 ,
&ghc(zzslllsliﬁl ....... 327
. w Coal Sill . . . . . . .. 154
Gritstone Beds (qye L 306
Quarry Hazle. . . . . . . . 4
Nattrass Gill Hazle . . . . . 21
Six Fathoms Hazle . . . . . 576 ,
SlatyHazle. . . . . . . .. 18,
\ Hazle under Scar Limestone . 2,
2,365 bings
Total . . . . ... 24,053 bings

With regard to the origin of the lead deposits of Alston
Moor, Mr. Wallace observes “it would appear that either lead
in connection with. some basifying principle must enter, in
varying proportions, as a component part of the rocks of this
district, or some still more elementary substances from which it is
formed by laws of chemical combination as yet unknown. I am
not aware that the limestones and sandstones of Alston Moor have
ever been subjected to careful chemical investigation. If from their
analysis it is proved that lead is diffused throughout their whole
mass, then the inquiry would be much simplified, and chemists
would be able to demonstrate the changes which must be effected
in order that sulphide of lead may be deposited in the veins by the
agency of circulating waters.” 3

The four most northern counties of England produced, respec-
tively, the following amounts of lead ore, lead, and silver during the
year 1881 :—*

Lead ore. Lead. Silver.

Tons. Tons. 0Oz.
Northumberland . . . . - Ly7467 = 13,080 54,036
Cumberland . . . . . . . 2,376 = 1,720 13,786
Westmoreland . . . . . . ,236 = 904 11,954

Cumberland also produces a.nnually about 1,800 tons of zinc ores.

1 Report Brit. Association, 1833, p. 1. ? Each weighing 8 cwts.
3 «The Laws which Regulate the Deposition of Lead Ores in Veins,” 1861,
. 242.
P R. Hunt, ‘“ Mineral Statistics for 1881,” Memoirs of the Geol. Survey, 1882,
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The lead-mining district of Yorkshire includes an area of about
700 square miles, and comprehends the high ground bordering
Swaledale, Arkendale, and Wensleydale in the north, and Nidder-
dale, Wharfedale, and Airedale to the south. The rocks of this
area, like those of the lead-bearing districts further north, belong
to the Carboniferous Limestone period, but although they prevail
throughout the whole mining area, each individual stratum is
by no means everywhere represented, and the thickness of the
different beds is exceedingly variable.

The lead ore of the Yorkshire mines is derived from rake veins,
pipe veins, and flats. Of these the rake veins are the most pro-
ductive and important ; their course does not usually vary materially
from a straight line, but their dip is far from constant. Their in-
clination from the horizon is less in soft argillaceous beds than in
bard solid rocks ; while, when passing a thin seam of shale, or soft
clay, they often flatten and follow for a considerable distance the
inclination of the strata. As is the case elsewhere, the width
of the Yorkshire veins is exceedingly variable, frequently opening
from one or two feet to several yards, and again contracting to a
mere joint. The width of a vein is usually affected by a change
of strata, and is greater in hard rocks than in soft ones; it is
generally greater in limestone than in sandstone, and in the latter
rock than in shale. Rake veins are, in the majority of cases, fault
veins, the strata being as a rule lower on the side of the dip than
in the contrary direction.

The extent of the throw varies from a few inches to twenty or
thirty fathoms ; the greatest amount of throw being often observed
when nearly parallel veins are in the almost immediate vicinity of
one another. The strength of a vein is considered to be in direct
proportion to the extent of its throw. A vein with a difference of
from six to eighteen feet between the height of similar beds on the
two sides, is regarded by the miner with more favour than one with
either a greater or less displacement. A fault of this extent is
looked upon as an indication that a vein has sufficient strength to
insure its size and continuity, but is not so great as to destroy the
effect supposed to be produced by certain beds when occurring on
the same horizon on both sides of a vein. When rocks of a different
character form the opposite sides or cheeks of a vein, a deposit of
lead ore is rarely found between them ; this rule is, however, not
without exceptions. At the Grassington Mines, in Wharfedale, there
are two veins each throwing the strata, south side down, to such
an extent as to cause shale to be opposed to gritstone, shale to



PART 11.] ENGLAND. 191

limestone, gritstone to limestone, &c., and so on throughout their
whole explored depth. Under these conditions one of the veins
vielded large quantities of ore, while its neighbour proved totally
barren.'

When a vein occasions a throw of from two to three fathoms,
the ore seldom continues cither above or below the change of strata,
but is confined to those portions of the fissure which are bounded
by the productive rock. An exception to this rule occurred, how-
ever, at the Grassington Mines, where a vein produced large
quantities of lead ore for considerable distances both above and
below such a change of strata. In addition to causing a fault or
throw, rake veins materially influence the dip of the strata in the
immediate vicinity of their walls. On the side of the more
elevated beds the planes of stratification are, for a short distance
from the wall, bent downwards, while those on the opposite side
are, on the contrary, bent upwards.

Although the veins of this county traverse all the beds of the
Carboniferous Limestone, there are only certain members of it that
usually yield lead ore. In some districts the most abundantly pro-
ductive strata are limestones, while in others the larger proportion of
lead is obtained from the sandstones. The argillaceous shales very
rarely produce ore, but even this admits of exceptions, since in the
Airedale district lead ores have sometimes been found in these rocks.
The great Whin Sill extendsinto Northern Yorkshire. Inthe more
northern districts many of the veins have a nearly direct course
over a considerable distance. The Old Gang Vein in Swaledale,
which has been worked over a length of some miles, and which
can be traced in a nearly straight line for a still greater distance,
is an example of this persistency of character in lead veins.

The veins of the three northern districts, namely, Swaledale,
Arkendale, and Wensleydale, are more regular in size, and the beds
more uniform in thickness than they are in the more southern
areas. In the former the limestones have been the principal
sources of production, while the ores of the southern mines have
been chiefly derived from sandstones. Many peculiarities dis-
tinguish the mines of the northern districts of Yorkshire from
those of the south, and divide them into two distinct classes.
Rake veins, pipe veins, and flats are common to both, and it is
to be remarked that, on account of the composition of the vein-
stone with which they are associated, ores from pipe veios and flats

! 8tephen Eddy, *On the Lead Mining Districts of Yorkshire,” British
Association Reports, 1858, pp. 167-174.
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are more fusible than those from rake veins. The ores from the
limestones are also more easily worked than those from sandstones.

It has been asserted that slickensides never occur in the sand-
stones of the Yorkshire lead mines, but this is not absolutely
correct, since in the Grassington Mines a slickenside was met with
in that rock, where, for a distance of nearly seventy yards, it formed
the only division between two veins. In both areas, the majority
of the lodes are nearly parallel to one another, while the remainder
run counter to them and form intersections.

The predominant direction of the principal veins is, in the
northern mines, north of east and south of west, while in the
southern field it is north of west and south of east. The former,
known as right-running veins, are, when intersected by the cross-
veins, frequently heaved or otherwise affected. Tn such cases the
heave is usually on the side of the oblique angle formed by the
intersecting planes of the converging veins. When one or both of
the veins have been productive of ore up to the point at which they
come together, their yield is, in the majority of cases, increased by
their junction. The extent of the angle formed by two veins is,
however, regarded by the miner as of much importance, since he
considers an acute angle as indicating riches, while a large one is
believed to be an unfavourable indication.

Nearly one half of the present annual production of lead ore in
Yorkshire is obtained from Arkengarth Dale, but East Craven
Moor, Keld Heads, and Old Gang are still among the productive
mines. The total yield of the Yorkshire mines during the year
1881 amounted to 4,171 tons of lead ore, equivalent to 3,040 tons
of lead, and 4,115 oz. of silver.

The Carboniferous Limestones of Derbyshire rise to the
surface over large areas, and are deeply cut into by numerous
picturesque valleys, but the base of the series is nowhere exposed.
The total thickness of the rocks of this age is about 1,500 feet,
and instead of there being one bed of intruded trap, as in the
northern counties, there are here three distinct beds of an igneous
rock, locally known as toadstone or todtstone, interpolated between
four thick beds of limestone.

According to Mr. Wallace, the series of beds comprehended
between the top of the Great Limestone and the Grindstone Sill
in Alston Moor, corresponds with the Limestone Shale of Derbyshire,
the thickness of the two being nearly the same ; on the other hand
the Millstone Grit, which is fully developed in Alston Moor, will
correspond to the Grits of Derbyshire and Wensleydale, \
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The mineral deposits of Derbyshire comprehend rake veins,
pipe veins, and flats, besides which cross-fissures in the lime-
stone, known as scrins, sometimes enclose small quantities of lead
ore. Few veins are metalliferous either in the Millstone Grit or in
the shales, the great majority being profitably worked in the lime-
stone only. When a lode reaches the toadstone it usually either
ceases entirely, or passes through it as a narrow cleft containing
no ore. In the limestone beneath the toadstone a vein is some-
times found to have resumed its original condition, but, generally
speaking, the workings of the smaller mines are exclusively confined
to one bed of limestone.

In 161 out of 180 observed cases, the lode is stated to have
entirely disappeared in the toadstone, while in nineteen cases the
vein passed through it. As B. v. Cotta however remarks, these
results cannot be regarded as altogether reliable, since, from the
point of view of a practical miner, a vein which passed through the
trap in the form of an unproductive fissure would probably be
regarded as having ceased to exist. The prejudicial influence often
apparently exercised by this rock upon the production of lead veins,
at one time regarded as acting almost universally, has more recently
been found not to be without important exceptions. The Mill
Close Mine in Darley Dale, which has for some years been the most
productive in the county, is worked between shale on one side and
toadstone on the other. Some of the rake veins, however, throw the
strata, and in such cases it would appear that the vein fissure must
have divided all the beds including the toadstones. In some
instances the veinstone itself is found divided longitudinally for
considerable distances, with the contact surfaces often highly
polished. These slickensides are ribbed or slightly fluted horizon-
tally, and sometimes after one side is removed, so as to give room
and relieve pressure, fragments fly off, occasionally with loud ex-
plosions, and continue to do so for many days.! The toadstone, of
which there are three beds, is a dark, compact rock, sometimes
closely resembling basalt, but more commonly softened by decom-
position, and often presenting an amygdaloidal structure. _

Each of the beds averages from sixty to seventy feet in thick-
ness, and preserves its course between the strata of limestone for
many miles uninterruptedly. It is somewhat doubtful whether
these layers of igneous rock are to be regarded as lava-flows con-
temporaneous with the deposits of limestone, or as subsequent

1 “General View of the Agriculture and Minerals of Derbyshire,” by John

Farey, Sen. London, 1811, vol. i. p. 250.
o
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injectionsinto fissares parallel with the stratification. De la Beche
regarded them as contemporaneous flows; Sedgewick, on_the other
hand, believed them to be subsequent injections. Jukes pointed
out that each of them is probably the result of not merely one
eruption, but rather conmsists of different flows proceeding from
distinct vents and uniting into one sheet along a common floor.
The most productive mines have been worked in the First Lime-
stone, and perhaps the least so in the fourth stratum of that rock,
which does not, generally speaking, appear to carry any large
amount of ore.

The production of lead ore in Derbyshire in 1881 amounted to
3,834 tons, equivalent to 2,875 tons of metallic lead. These ores
are exceedingly poor for silver. The Mill Close Mine yielded during
1881 more than one-third of all the lead produced in the county.
Four others afforded from 265 to 545 tons of lead ore each; the
balance having been made up by the yield of above forty small mines.

The celebrated copper mines of Ecton?! are situated on the
borders of Staffordshire and Derbyshire. The principal deposit,
which as early as the year 1778 had been worked to a depth of
200 fathoms, is a pipe vein, piercing the highly-contorted limestone
beds almost vertically. There are eight main lodes coursing E.and
W., and the same number of N. and S. veins, together with many
smaller branches. The upper portions of the lodes contain galena,
poor in silver, and blende with copper ores; the latter pre-
dominating in the lower levels. The principal ores are chalcopy-
rite and erubescite, and with these occur oxides and carbonates.
The vein stuff is composed of very transparent calcite, which is
sometimes of a bright yellow colour, colourless or bluish fluor
spar frequently enclosing crystals of chalcopyrite, barytes, chaly-
bite, iron pyrites, and calamine. The veins sometimes attain 3
great thickness; being in one case as much as seventy yards from
side to side. From an historical point of view the Ecton Mine is
interesting, as it was here that blasting was first introduced into
England. Bishop Watson? states that he had seen the smithy in
which the first borer ever used in England was made, and that the
first shot fired was in the Ecton Mine. This borer must have been
made for the German miners whom Prince Rupert brought over in
1636 to work the mine, and traces of whose work may still be seen
in the so-called “ Dutchman’s” adit.

1w, ce, “ Mineralogia Cornubiensis,” 1778, p. 81. J. Mawe, “ Mineralogy of
. Derbyshire,” 1&02, P. 1()9.81"l ) P e, ogy

2 ¢«“Chemical Essays,” 1781, vol. i. p. 882.
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From 1760 to the end of 1768, namely, eight years, the Ecton
Mine yielded 5,862 tons of copper ore worth £57,494 8s. 1d. From
March 9th, 1776, to December 27th, 1817, 53,857 tons 13 cwts. of
ore were raised, containing copper of the value of £677,112 14s. 3d,
and yielding a net profit of £244,734 11s1 The ore appears to
have generally yielded a produce of about 15 per cent. of copper.

‘WALES.

IroN OREs.—The production of red h@matite in South Wales
is very small, since at the present time there appear to be no mines
working upon this ore. Some years ago a deposit of this mineral
was opened at Cwm Mountain, in Flintshire, at a short distance
from the famous lead mine of Talargoch. The ore here occurs in
the form of a breccia composed of angular fragments of hematite,
cemented together by crystalline calcite stained a brick-red colour
by diffused oxide of iron. This ore, which is found in irregular
pockets in the Carboniferous Limestone, is accompanied by brown
hematite, which occasionally assumes the form of octahedral
crystals, probably pseudomorphs after magnetite.

An oolitic variety of calcareous red hamatite occurs in the
Lower Limestone shales at Whitchurch, in Glamorganshire, but
on tracing the bed for a short distance either in an easterly or
westerly direction, it is found to become gradually changed into
an encrinal limestone. The Coal-measures of South Wales are
naturally divided into two series, the upper and the lower.
These are over the whole area of the field separated from ome
another by hard siliceous beds, which sometimes pass into con-
glomerate, and are locally known as the Cockshute or White Rocks.
The hardness of these beds, together with the large amount of
water which they contain, always presents formidable obstructions
to sinking through them. The upper series contains but little iron
ore, although the lower one, sometimes called the Iron-bearing
Measures, comprehends numerous valuable deposits of elay ironstone.
At its eastern outcrop the coal of the lower measures is bituminous,
but gradually changes its character when followed in a westerly
direction, until, after passing the great fault of the Vale of Neath,
it becomes true anthracite. The coals of the upper series are
everywhere bituminous, even when anthracite is found in the beds
below. The rocks in which the coal and ironstone of this series
are imbedded are known as the Pennant Rocks.

! Statement farnished by Mr. R. Taylor.
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The lower or iron-bearing measures extend over the whole coal-
field, and the principal beds of ironstone are found in the lowest strata.
The ironstone is usually richest towards the eastern boundary of the
field, but, although the yield of iron is less considerable, the thick-
ness increases in going west. Near the eastern extremity of the
basin, which is the great iron-producing district of South Wales, the
southern outcrop dips very rapidly, while the dip of the more
northern is less considerable. The highest part of the basin in
which ironstone has been profitably worked is a bed of blackband
occurring on the top of the Mynyddysllwyn seam of coal. This
ironstone, like that which receives the same name in Scotland and
North Staffordshire, contains a sufficient ameunt of carbonaceous
matter to effect its calcination without any additional fuel. The
bed, although irregular, is sometimes several feet in thickness, and
occurs as a series of unconnected basins. The next ironstone bed
occurs over the coal, known on the north outcrop at Dowlais as the
Old Man’s Coal or Gér-hyd Coal, while at Abercarn and Risca, on
the southern outcrop, it receives the name of the Charcoal Seam
and Rock Vein respectively. This is also a seam of blackband,
and is worked at Abercarn under similar conditions to the
Mynyddysllwyn bed; considerable quantities of this ore, which
works well in the furnace, have been raised. These irregular beds
are the only seams of ironstone that have been worked in the
upper series.

The lower series contains so many strata of ironstone alternating
with coals and shales that it would be impossible even to notice all
of those which have been more or less worked ; many of them are
not persistent over the whole field, and consequently vary in thick-
ness within comparatively short distances! Many of the iron-
stones, however, exhibit a marked similarity both in structure and
composition throughout a large portion of the district, and there
can be little doubt that some of them exist as continuous beds.
The Three-quarter Balls, which in all the eastern parts of the
coal-field are traversed by numerous fissures containing quartz,
calcite, spathose iron ore, millerite and hatchettine, may be
quoted as an example. The ironstone measures of South Wales
are exceptionally regular and well developed near Ebbw Vale,
where they are extensively mined, as they are also at Blaenafon,
Pontypool, Abercarn, Dowlais, &c. These ironstones in their
raw state contain from twenty-one to thirty-eight per cent. of
metallic iron, in addition to which traces of copper, lead, and even

1 ¢ The Iron Ores of Great Britain,” Mem. Qeol. Surtey, part iii., South Wales.
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silver, are sometimes present. The annual production of ironstone
from the Coal-measures of South Wales is about 170,000 tons, but
very large quantities of hamatite and other ores are imported from
Whitehaven, Lancashire, and elsewhere, for supplying the iron-
works of the district.

In South Wales the lower beds of the Permian series sometimes
occur as haematite, but such deposits are of a local character only,
and are usually found in basin-like hollows. One of these basius,
opened some years since at Mwyndy, near Llantrissant, has yielded
large quantities of ore, and had evidently been extensively worked
at some long past and forgotten period, since numerous old work-
ings, together with tools and other relics, were discovered in
re-opening the mine. A similar deposit occurs at Gwar Coch, about
two miles north of Porth Caul. It overlies the limestone, and
sometimes contains as much as 35 per cent. of oxide of manganese,
thus almost giving it the character of a manganese ore.

According to the returns of the Mining Record Office, South
Wales produced no hamatite ores in 1881, but during that year
the production of brown iron ore in South Wales and Monmouthshire
is stated to have been 81,372 tons.

CARDIGANSHIRE AND MONTGOMERYSHIRE.—The metalliferous
district of Cardiganshire and Montgomeryshire consists of a
tract of clay slates and gritstones, chiefly of Cambrian age, ex-
tending for a distance of about forty miles in a N.N.E. and
S.8.W. direction, and varying in width from five to twenty-two
miles! Large areas in this district do not appear to contain
mineral veins, and those which do so, and which are known to be
productive, are usually characterised by some lithological peculi-
arity of their rocks. No rocks of igneous origin are found in
any portion of this region, and the occurrence of the lodes in beds
belonging to one epoch only, renders it impossible to fix their
geological age with any degree of accuracy. Moreover the
direction of the lodes affords no clue for the determination of
their relative ages, since, however different may be their strike,
no decided difference can be observed in their filling, neither is
there, on the other hand, any such evidence of the passage of one
through another as would allow of their being thereby classified
into groups. The appearance of the outcrop of the veins of this
district is usually devoid of such marked characters as would attract
the attention of those accustomed to find gossans resulting from

! W. W. Smyth, ‘‘On the Mining District of Cardiganshire and Montgomery-
shire,” Mem. Geol. Survey, vol. ii. part ii. 1848, p. 655.
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the decomposition of pyritous ores. A large preponderance of
slaty matter is frequently to be observed in the lodes of this dis-
trict. Its whole area consists of a succession of rolls or undulations
of beds which, in the main, belong to the same series, but which
vary in character from soft shales, through many varieties of slate,
flag, and argillaceous rock, to coarse gritstone and conglomerate.
The zones in which the productive mines are situated lie ap-
proximately parallel to the axes of the several undulations re-
ferred to, and by imagining lines of division to run in the same
direction, the veins of the district may be classified into six groups,
which, although to some extent chosen arbitrarily, exhibit in many
respects distinctive characters, and afford a means of consistent
classification.

The first group of this district, beginning on the west, borders
on the unproductive grits of Aberystwith, and includes the once
celebrated mines of Tal-y-Bont, Penybontpren, Llancynfelyn,
and Tre'rddol, yielding lead ores containing a very small pro-
portion of silver, together with blende and occasionally a little
copper pyrites. The lodes are usually small, and frequently
intersect a fissile variety of slate, in which, throughout the whole
of this district, they are rarely productive.

The second group of veins, which is of greater importance,
was two centuries ago known as the “ Welsh Potosi,” and returned
enormous wealth to the adventurers then working them. The
slaty rocks here assume a paler tint, and present a peculiar silky
lustre ; their bedding is more massive, and the width of the
veins much greater, being in some cases upwards of twenty feet.
This ore is usually argentiferous, and the lead obtained from it
sometimes contains as much as thirty-eight ounces of silver
per ton.

The third division, ranging from Ystrad Meyric to the Devil’s
Bridge and along the course of the Rheidol, comprehends a
number of metalliferous veins, varying in character almost as com-
pletely as do the rocks which they traverse. Thus the Llwyn
Malys Lode is remarkable for the proportion of silver contained

‘in its ores, Fron Goch for its large deposits of galena and

blende, and the Estymteon Lode for its iron pyrites. The outcrops
of others occasionally afford ores of manganese, while the country
rock varies between gritstone, dark fissile slates, and an indurated
argillaceous rock of a grey colour, in which the productlve lodes
of the district generally occur.

The fourth band, striking from Llampeter to the central range
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of Plymlumon, includes the highly argentiferous lead lode of Llan-
fair Clydogau, while some miles to the north are various lodes
productive of common lead ores, associated with blende and
calcite.

The fifth metalliferous band, ranging along the east of the
Plymlumon ridge, comprehends the mines of Cwm Ystwyth, and
different veins worked in the upper valleys of the Wye and Severn,
as well as the more important works of Delife and the group of
parallel lodes near Llanbrynmair. Beginning with the elevated
mass on which the Teifi pools are situated, the southern part of this
division is characterised by frequent intercalations of arenaceous
matter, which to the north are succeeded by argillaceous shales.
It is remarkable that, while throughout the former area copper
pyrites is so common a constituent of the lodes as to be separately
returned from several of the mines therein situated, in the latter it
is but seldom found.

The sixth division, although circumscribed on the east and north
by the gritty beds cropping out from beneath the Wenlock Shales,
comprehends a few mines in the neighbourhood of Llanidloes, which
are remarkable from the lead being accompanied by witherite and
heavy spar, neither of which minerals are known to occur in any
other part of the district.

In the same zone might be included another group of lead veins
situated in the part of the district around Llangynnod, at a distance
of nearly thirty miles from the lodes above mentioned. These last
traverse slaty rocks, and the ores of lead and zinc which they afford
are often associated with witherite and heavy spar. The country
rocks however differ, inasmuch as that beds of porphyry and of
various crystalline rocks of volcanic origin are intercalated between
the slates.

The most general strike of these lodes is EN.E. and W.S.W.
Although this direction is for short distances subject to frequent
variations, nearly all the most important deposits agree within a
few degrees with this course. The dip is most frequently towards
the south, generally varying between 60° and 80° from the horizon.
In some cases however the inclination is in the contrary direction,
and the occasional flattening of the angle is not found in so marked
a manner as, in some mining districts, to cause a diminution of the
productiveness of a lode.

The filling material of the vein fissures in this part of Wales is
for the most part slate in angular fragments of all sizes, from the
most minute particles to large masses sometimes fathoms in length
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and height, forming horses which split the lode into two or more dis-
tinct branches. Its most common associate is quartz, and upon the
structure and colour of this, the miner, to a large extent, bases his
opinion of the probable value of the lode; in doing this he makes
a distinction between opaque massive quartz and the drusy
cellular and sometimes granular varieties which usually accompany
deposits of ore. Calcite occurs in small quantities only, and fluor
spar, which elsewhere is so common an attendant of lead ores, is
here entirely unknown. Galena is met with in the mines of this
district crystallized either in cubes or octahedra, or in combinations
of the two forms, and it is to be remarked that the argentiferous
varieties are as often well crystallized as those which do not
contain silver.

Cerussite is sometimes found as a product of decomposition on
the outcrops of a few lodes only. Blende is frequently more
plentiful than galena, but calamine has not been found in any con-
siderable quantities excepting in the Nant-y-Creiau Mine. Copper
pyrites in irregular spots, is often mixed with the galena, and iron
pyrites, which is sometimes sprinkled in the form of cubes through-
out the slate rock, is found abundantly in the lodes of this district.
Chalybite is met with in the form of branches in the vicinity of
some of the veins, and an ore of manganese has been obtained from
old workings on the Drosgol hill, near Rheidol ; it is, however, an
impure hydrous oxide of but little commercial value.

The various minerals filling the veins of these counties are rarely
disposed with such regularity as to lead to the conclusion that the
deposition of one substance had ceased before that of another had
commenced ; they usually occur in strings and spots which are
sometimes parallel for short distances, but they more frequently
ramify in an irregular manner, and often form a network of
branches. Generally, however, it may be observed that the calcite
takes the inner side of the quartz, whether occurring in drusy cavi-
ties or in ribs, and galena appears to occupy an analogous position
with regard to blende. A structure of this kind, varying constantly
in its details, exhibited by the Estymteon lode, is represented in
Fig. 52, in which a is copper pyrites, b quartz, ¢ blende, d iron
pyrites, and ¢ galena.

When a deposit is of considerable thickness the metalliferous
portion of it frequently exhibits a tendency to form in bands, and
wherever one of these becomes wedged out, another, and nearly
parallel stripe, commences, forming a splice, as shown in Fig 53, in
which @ and b represent two separate and nearly parallel masses
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of ore which form a splice with overlapping ends. As
mentioned, the structure of the veinstones of this part of Wales is
frequently brecciated, angular fragments of slate being united by a
cement consisting either of quartz, galena, or blende, while more
rarely, a ground-mass of calcite encloses angular pieces of galena,
chalcopyrite, or blende.

Cross-courses, generally filled with clay, but sometimes appearing
as mere partings in the rock, are not unfrequent, and occasionally
heave the lodes for a distance of several feet; they are, however,
less common than in many other mining districts. The country

F1o. 52.—Estymteon Lode; section

rocks on the opposite sides of many of the lodes have been affected
by unequal movements resulting in the displacement of one or both
of the walls; but, from the absence of easily recognised beds, it
becomes difficult to measure any change of level which may have
taken place.

Numerous facts have been observed with regard to the ore-
bearing portions of these lodes which are in perfect accordance with
the experiences of other districts. Thus when two lodes approach

Fia. 53.—Vein forming a splice.

one another under a small angle, their junction is usually marked by
an expansion of the deposit of ore, and a similar effect is produced
when branches or short veins fall into the principal lode; the effect
being the same whether this falling together of the branches takes
place along the line of strike or on that of the dip. The same
result is observed in a greater degree where two or more lodes
become united into one. The productive portions of the lodes are
generally more continuous in their vertical than in their horizontal
range, and they have most frequently an inclination towards the
west. From this circumstance it might be inferred that they run
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parallel to the bedding of the more metalliferous rocks, but Mr.
Smyth is inclined to believe that they more frequently conform to
the planes of cleavage of the country rock than to those of its
bedding. The lead veins of this part. of Wales differ materially
from those of Cornwall in one important point, namely, that when-
ever they pass from a harder to a softer rock their mineral contents
decrease in quantity.

In the year 1881, the most important operations carried on in
Cardiganshire were those of the Lisburne Mines, which produced
during that year, 1,005 tons of lead ore, and 3,550 oz. of silver.
The most productive mine of Montgomeryshire during the same
period was the Van, yielding 2,600 tons of lead ore, 1,400 tons of
blende, and 23,400 oz. of silver.

MeRrIONETHSHIRE.—This county comprehends no extensive or
largely productive metalliferous areas, but is remarkable, inasmuch
as that some of its rocks enclose veins which have been long
known to be auriferous. The gold-bearing district would appear
to be mainly confined to about twenty-five square miles of the
country lying on the north of the turnpike road leading from
Dolgelly to Barmouth. In this district the Cambrian rocks are
overlain by others of Silurian age, and about half way between
the two places, a stream which descends from the higher range of
Llawllech discharges its waters into the Mawddach river below
Pontddu. On either side of this rivulet rises a mountain, one
being the Vigra and the other the Clogau, in both of which
copper mines have been worked intermittently for many years.
Among the mines which at one period attracted the greatest
amount of attention are the Vigra and Clogau, the Dol-y-frwynog,
the Cefn Coch, and the Prince of Wales.

So long ago as the year 1844, a paper was read before the
British Association by Mr. Arthur Dean, who stated that a com-
plete system of auriferous veins existed throughout the whole
Snowdonian region of North Wales. In consequence of this
and of equally sanguine statements made by others, mining opera-
tions were shortly afterwards commenced at Cwm Eisen, but the
results obtained being unsatisfactory, the mine was abandoned.
About two years subsequently to this, machinery for crushing
and amalgamation was erected at Dol-y-frwynog, but the treat-
ment of several hundred tons of veinstone having resulted in
the production of only a small amount of gold, the operations
were suspended.

Among the auriferous veins which have from time to time
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been worked in North Wales, that opened in the Clogau Mine
has been by far the most productive. At Clogau the workings
have been exclusively conducted upon the St. David’s, or Gold
Lode, which is situated nearly a mile further north than that
formerly worked for copper. At a short distance north of
the St. David’s Lode, the massive greenish grits of the Cambrian
system emerge from beneath highly inclined beds of Lower
Silurian age. The vein, which courses nearly E. and W, is often
from two and a half to nine feet in width, and commonly lies
between two distinct walls, especially on the southern side; it is
usually almost perpendicular, but sometimes dips slightly towards
the north.

It is chiefly composed of quartz and calcite, the latter mineral
sometimes forming masses of several feet in width; where the
calcite assumes the appearance of a friable and granular marble,
it not unfrequently contains gold, but when, on the contrary, it
becomes foliated or is coarsely granular, that metal appears to be
entirely wanting. Spots of iron pyrites and chalcopyrite are
frequently scattered through the veinstone, which circumstance
caused the vein to be originally regarded as a copper lode. Frag-
ments of the country rock are often included in the vein, and a
few yellowish metallic points and crystalline spangles and plates
of gold are sometimes disseminated in the lode. With the gold is
not unfrequently associated the compound of tellurium, bismuth
and sulphur, known as tetradymite, which occurs in crystalline
scales of silvery whiteness and of brilliant metallic lustre.! The
laminz of the country rock on either side of the lode strike only
a few degrees more to the N. of E. than the lode itself, and they
are consequently intersected at so small an angle that in places
where the lode is somewhat obscure it occasionally requires care
on the part of the miner to prevent turning off into the country
rock. Another noticeable feature of this vein is the frequent
occurrence of nearly horizontal planes of division crossing it
from one side to the other. In width the St. David’s Lode is
even more than usually variable, for although, as before stated, it
is sometimes nine feet in width, at others it is reduced to a mere
fissure.

The experience acquired from the working of this and other
gold veins in North Wales goes to show that the only remunerative
material is that small proportion of the lode which contains

1 W. W.. Smyth. “Gold Mining at Clogau, North Wales,” Mining and
Smelting Magazine, vol. i. 1861, p. 859.
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visible gold, and that this is not usually present in sufficient
quantities to pay the expenses of mining &c.; several rich bunches
of gold quartz have, however, been found in the St. David’s Lode,
and for a short time the Vigra and Clogau Mines were, on a
comparatively small scale, very profitable.

The total weight of gold, of an average value of £3. 4s. per oz
obtained in North Wales from the end of 1844 to April, 1866, is
estimated as follows:—

Oz.

Old Dol-y-frwynog . . . . . . ., 117
Princeof Wales . . . . . . . . 63
CwmEisen . . . . . . . .. 176
Gwyn-frwynog . . . . . . . . 6
CefnCoch . . . . . . . . . . 478
Castell Carn Dochan . . . . . . 182
Vigra and Clogau . . . . . . . 11778
12,800

Only a very small quantity of gold has been obtained from
the Welsh mines since 1866. Mining operations have, however,
been for some years carried on at Clogau with the view of
reaching the St. David’s Lode at a greater depth than any at
which it had been hitherto worked. Shortly after the intersection,
in 1881, of the lode by this deep cross-cut, it was understood that
about 225 oz. of gold had been obtained from a-level driven
upon its course, but no announcement of any further discovery
has been recently made.

In the Mawddach valley, a little below Tyn-y-groes, but on the
other side of the river, is the Glasdir Copper Mine, where the ore
instead of being contained in a lode, is disseminated in an altered
slaty rock. The iron pyrites and chalcopyrite which here occur
are found in the vicinity of the branches of an eruptive felspathic
rock which has broken through the slate in all directions. When
prepared for market this ore yields only a small percentage of
copper, but contains a little silver, and from one to one and a half
ounce of gold per ton. The annual returns from this mine were
very inconsiderable.

FLINTSHIRE AND DENBIGHSHIRE.—In this mining area a long
series of parallel veins course across the Mountain Limestone into
the Millstone Grit, and are, further east, only observable as faults in
the Coal-measures. These veins are intersected by a system of
strongly marked cross-courses, which are traceable for many miles
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in length. They are usually barren, but exceptionally, as in the
neighbourhood of Holywell, they have afforded large quantities
of lead ore. In former times almost fabulous amounts of lead
were obtained from these mines, the galena having been fre-
quently found in a state of purity and solidity not often
equalled elsewhere. When unproductive, these veins are usually
filled either with opaque calcite or with plastic clay, and the
operations of the miner are often impeded by an unusually large
influx of water. The most remarkable mines of this district have
been Talargoch, near Rhyl, and Minera, six miles north-west of
Wrexham. :

Many of the lead mines in this district, and particularly some
of those in the neighbourhood of Mold, have been remarkable for
the large quantities of white lead ore, cerussite, which they have
yielded when the veins intersect the sandstones of the Millstone
Grit. Large quantities of this ore have also been obtained from
pipe veins which had evidently been cavities produced by the action
of water, and subsequently filled with various mineral substances
brought into them in a state of solution.

Minera, which was not long since the most productive lead
mine in Great Britain, occupies a considerable portion of a patch
of Mountain Limestone which has been disrupted by faults from
the southern extremity of the mining area of Flintshire. On the
northern side there is a downward displacement, while on the
southern there is a throw towards the east. The sett comprehends
portions of the Coal-measures and of the Millstone Grit together
with certain underlying Silurian rocks.

The Mountain Limestone of this district rests unconformably
upon Lower Silurian strata, but somewhat further south, thin
sandstones and slates of Devonian age are interposed between the
limestone and Upper Silurian shales. The Carboniferous Limestone
is here usually overlain by Millstone Grit varying in thickness from
30 to 200 feet, and this is occasionally covered by true Coal-
measures ; while in some places the Millstone Grit is entirely absent
and the Coal-measures rest immediately on the limestone. These
different strata are frequently much disturbed, and afford examples
of almost every description of mineral vein varying from true
lodes to thin branches and strings of ore, generally destitute of
veinstone.!

Two principal lodes are worked in this mine, namely, the Old

1 George Darlington, *“ Mineral and Geological Sketch of the Minera Mining
Field,” Mining and Sinclting Magazine, vol. ii. 1862, p. 207.
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Vein and the North or Red Vein. The Old Vein has been
formed in a fissure presenting all the characteristics of a fault, with
a downthrow to the N.E. Its course is nearly SE. and N.W,,
with a dip of about 80° from the horizon towards the N.E.;
this vein at times swells out into large masses of ore and
gangue, the latter chiefly consisting of calcite and pulverulent
quartz; it then again decreases in size and becomes nipped or
otherwise impoverished. In some places it attains a thickness of
fifteen yards, while five yards is by no means an uncommon width ;
and in such cases two nearly parallel levels were sometimes driven
at the same horizon in the vicinity of its walls.

Towards the west the veins undergd a change, becoming,
themselves, less productive, but apparently acting as feeders to
various irregular pipes and floors of lead ore. Under these
conditions some exceedingly rich deposits of ore have been
met with, and the enormous cavern-like excavations found in
various parts of the oider workings sufficiently attest the truth of
statements which have been handed down respecting the large
amounts of ore which were obtained from them. In this part of
the mine the country rock is a compact white limestone, and the
ore deposits are unaccompanied by veinstone of any kind. The
vein fissures are often very open, and show evidence of the action
of carbonic acid upon the limestone. These openings form channels
for the passage of immense quantities of water, carrying with it,
in rainy seasons, a considerable amount of clay and sand.

Near the eastern extremity of the workings, this vein, in the
upper levels, occurs in slates and shales belonging to the Coal-
measures and Millstone Grit, and is usually very poor. At agreater
depth it intersects the Carboniferous Limestone and becomes to
some extent productive for lead ore, but instead of being filled
with galena, the vein is, to alarge extent, made up of brown blende,
which is frequently well crystallized. This ore is mixed with
pulverulent and massive quartz, and contains disseminated masses
of galena.

The North Vein, like the Old Vein, to which it is nearly
parallel, has been formed on a line of fault, and has a down-throw
to the N.E,, but apparently to not quite so great an extent ; its throw
however increases towards the east. The deposits of ore in this
vein have often been exceedingly pure and massive, frequently con-
taining not more than 15 per cent. of impurity as drawn from the
mine. The character of the ore and its associated minerals differs
in some respects from those of the Old Vein in the same ground.
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The ore is steely and fine-grained, with very little admixture of
large-grained cubical galena, but although fine-grained it seldom
contains above four ounces of silver per ton. Blende is almost the
only associated mineral. The walls of this vein are very imper-
fectly defined and sometimes can scarcely be said to exist.

In 1864 the Minera Mines produced lead ore and blende of
the value of £103,293; of late years, however, the yield of
lead ore has considerably fallen off, although a larger amount of
blende has been annually raised. In 1881 these mines produced
1,394 tons of lead ore, 5,468 tons of blende, and 6,970 oz. of
silver. Their present greatest depth is 158 fathoms.

In 1881 the production of lead ore in Flintshire was 4,392
tons, equivalent to 3,297 tons of metallic lead, and 29,000 oz.
of silver. .

During the same year the mines of Denbighshire yielded 1,587
tons of lead ore, or 1,193 tons of lead, and 7,055 oz. of silver.

ANGLESEA.—Parys Mountain is situated about two miles inland
from the northern coast of the Island of Anglesea, its barrenness
contrasting conspicuously with the fertile pasture lands of the
surrounding country. Its height above the sea does not exceed
500 feet, but although the larger portion of its surface is covered
with sufficient soil to support ordinary vegetation, it nevertheless
scarcely produces either a blade of grass or a bunch of heather.
This mountain, which was at one time widely celebrated for
the very large amount of copper annually obtained from its
southern slope, was in modern times first systematically explored in
the year 1768. Since that period, like all similar enterprises, its
mines have been subject to numerous fluctuations, but they have,
notwithstanding, remained constantly in operation. They lie some-
what less than two miles south of the town of Amlwch, and are
enclosed in a band of Silurian slate, which stretches in a south-
westerly direction almost across the island. At Parys Mountain
these slates are intercalated with bands of felspathic rocks of
presumably eruptive origin, but which do not appear to have
ever been -carefully examined. The sketch section, Fig. 54, will
serve to explain the order of sequence of the various rocks.!

The northern slope of the mountain consists of slate, , in which
occur small irregular branches of quartzose and felspathic rock,
together with occasional bands of a greenish trap. This is followed
by a very powerful quartz vein, b, which traverses the hill from one

1T, F. Evans, ‘“The Mines of the Parys Mountain,” Trans. Manchester Geol.
Soc., vol. xiv. 1878, p. 357.



—_————rmmT — -

208 ORE DEPOSITS. [PART 11

side to the other, and is known as the Carreg-y-doll Lode. To this
succeeds a thick band of felstone, ¢, which varies considerably both
in colour and in texture. A band of deep blue slate, a’, follows this
on the south, and is itself succeeded by another band of felspathic
rock, ¢, very similar to the last, beneath which is the slate, a”. As
shown in horizontal section, Fig. 55, the rock-mass is traversed nearly

Fi1G. 54.—Parys Mountain ; transverse section.

at right angles to the strata by two distinct faults, known respec-
tively as the Great Cross-course and the Carreg-y-doll Cross-course.
The former is of considerable width, varying from 20 to 60 feet,
filled with broken and crushed fragments of the neighbouring rocks,
and interfering considerably with the continuity of the strata. The

F1a. 55.—Parys Mountain ; horizontal section.

latter, on the contrary, is a mere transverse cleft which has but little
effect on the relative positions of the rocks forming its sides.

The central dislocated block of the felspathic rock, ¢, lying
between the two cross-courses exhibits evidences of decomposition
and disintegration which are not met with in other portions of its
course, and it, in many places, consists of a soft concretionary mass
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containing so many shell-like nodules, that the miners have given
it the name of Carreg-y-Grogan, or shell-stone. In these, kernels
of copper pyrites occur in such large quantities that this ground has
formed one of the most profitable resources of the mines.

In addition to the foregoing, and beginning at the north in the
band a, a large deposit of copper pyrites associated with quartz,
&c., known as the North Discovery Lode, extended from a few
fathoms west of the Great Cross-course for a distance of 90
fathoms westward. This more nearly resembled an ordinary lode
than any other which has been discovered in the mines. It was
well defined and was enclosed in a country rock of hard slate, dipped
at an angle of 60°, and the shoot of ore which it carried inclined west-
ward at the rate of three feet in a fathom. It was also distinguished
from all other similar deposits by the almost complete absence of
felspathic rocks. This great deposit has now been completely
worked away, after having yielded, in the aggregate, copper ores of
the value of about a million pounds sterling.

With the exception of some small quartzose strings, sometimes
containing a little copper pyrites with blende and galena of no
commercial value, no ore occurs between this and the Carreg-y-doll
Lode. This is an immense sheet of quartz, b, varying from five
to sixty feet in thickness, and sometimes containing valuable
bunches of copper pyrites; iron pyrites is also present, but not in
such large quantities as in the rocks lying to the south. This
lode contains druses or vughs of extraordinary dimensions, one of
them, cut into some years ago, which was beautifully lined with
crystals, being no less than eight fathoms in length and four
in height. The bunches of ore in this lode, like those before
described, exhibit a tendency to dip towards the west.

The large felspathic band ¢ also encloses considerable deposits
of copper pyrites, which occur in the form of strings and bunches.
This ground has yielded large profits, and a considerable amount of
copper is still disseminated through the rock, but it is too sparsely
scattered to repay the expense of mining and concentration.

Extensive as these deposits may be, they are much less
important than are those which occur to the south of the felspathic
band, and which lie immediately between it and the band of slate
marked a’. At the junction of these two rocks the mountain has
been almost divided into two parts by two large open-cast excava-
tions varying in depth from 110 to 140 feet, and occupying an area
of somewhat more than twelve acres in extent. These are bounded

on the north by the band of felspathic rock marked ¢, and on the
P



210 ORE DEPOSITS. [PART 11

south by the stratum of slate a’. It is here that occurred the
great body of copper ore which once exercised a considerable in-
fluence upon the European copper market. The ores did not, on
an average, contain more than 5 to 6 per cent. of copper, but for a
time there was scarcely any limit to their possible production, and
the proprietors, to a large extent, commanded the market.

The metalliferous mass worked in these open cuttings is
composed of three distinct members, namely :—

1st. A bed of iron pyrites.

2nd. A bed of copper pyrites.

3rd. A thick bed of an ore locally known as bluestone some-
times lies beneath the deposit of copper pyrites.

This ore varies somewhat in composition, but the following
analysis, made by Mr. F. Claudet, may be taken as approximately
representing its average composition.

Lead . . . . . . . . . . . . 1446
Copper. . . . . . . . . . . . 213
Zine . . . . . . . . . . . . 278
Iron . . . . . . . . . . . . 1145
Sulphur . . . . . . . . . . . 2905
Siliceousrock . . . . . . . . . 1447

9945
Silver. . . . . . . 6oz 15dwt. per ton.
Gold . . . . . . . traces.

The iron pyrites and chalcopyrite invariably occur associated
with quartz and felspathic rock, but the bluestone is usually nearly
pure, containing only branches and nodules of white quartz. The
stratum of this mineral, which underlies the other two beds of ore,
is by no means regular, having sometimes a thickness of from 50
to 60 feet, while at others it is reduced to a few inches or entirely
disappears. It occurs in its purest state when intermixed, in the
form of elongated lenticular masses, with the enclosing slate.
Large quantities of this ore might be raised if a satisfactory market
could be obtained, but, although much attention has been bestowed
on its metallurgical treatment, none of the processes hitherto tried
appear to possess the necessary simplicity, and the demand is
consequently somewhat limited. The beds of pyrites and blue-
stone appear to thin out in descending, while that of copper ore
would seem rather to improve in depth.
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The water from these mines contains a considerable amount of the
sulphates of iron and copper. This water is first raised to the surface
by wooden pumps, and then stored in reservoirs prepared for its
reception. In these it deposits all the sand and clay it may hold
in suspension, and when it has become perfectly clear it is tapped
off into the precipitators as may be required. Into these scrap
iron is introduced and the copper thrown down in the usual way.
After the precipitation of the copper, the water, which has been
treated by metallic iron, is allowed to flow into large basins several
acres in extent, where, by a natural process of oxidation, it deposits
highly basic salts of iron, which are largely used for the purifica-
tion of coal gas and for the manufacture of various iron-oxide paints.
Of this ockre the Anglesea mines sold, in 1881, 3,011 tons; with
2,305 tons of bluestone, and 768 tons of copper in the form of ores
and precipitate.

IsSLE oF MAaN.

Underlying the Silurian and Carboniferous rocks, which are
well represented in the Isle of Man, and breaking through them in
various places, are granite and other igneous rocks. The granite
is found at the surface in two localities, one in the north of the
island between Laxey and Ramsey, and the other in the centre on
the eastern side of South Barrule. In addition to these granitic
outbursts, dykes of porphyry and diabase exhibit traces of volcanic
action in all parts of the island. Everywhere the adjacent strata
are greatly altered by contact with the granite or other igneous
rock, and metalliferous minerals occur abundantly near the line of
contact.

The two principal mines, Foxdale and Laxey, are situated near
the great outbursts of granite ; Laxey being near the northern and
Foxdale near the southern mass. Resting on the granite is a series
of slaty rocks, which occupy more than two-thirds of the entire area
of the island. Valuable metalliferous veins traverse these slates,
and for many years mines have been worked with great success
both at Foxdale and Laxey, and, less profitably, in several other
parts of the island.

At Laxey the direction of the main lodes is about 8° E. of N.,
with an easterly underlie of two feet in a fathom. At Foxdale the
principal lodes course 8° 8. of E., with a southerly underlie also of
two feet per fathom. The main lode has been worked, but not
quite continuously, for about four miles on its east and west course,

and in this distance is intersected by several counter veins, and by
P2
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at least three north and south veins, all of which have a dip towards
the west. The Laxey Mines are worked exclusively in Lower
Silurian slate, but in the Foxdale Mines the deeper workings are
entirely in granite, which was reached after first passing through
the slate into a layer of granite thirty feet in thickness, and then
again sinking through a band of slate. A new perpendicular shaft
is now being sunk, which is intended to intersect the lode at a
depth of 250 fathoms.

Foxdale is remarkabie for the great size of its main lode which
occasionally expands to a width of forty feet. To the mineralogist
Foxdale is extremely interesting. In the lurge cavities or lochs
in the lode, magnificent crystals of iridescent galena are often
found. The galena has occasionally a very high percentage of
silver. Argentiferous tetrahedrite is frequently to be met with, as
also are splendid pseudomorphs of iron carbonate after fluor spar,
resembling those formerly found at the Virtuous Lady Mine near
Tavistock. Recently plumosite, the Federer: of the Harz miners,
has been discovered.

Of late years, a remarkable feature has been the presence of
large quantities of carbonic acid gas, given off from crevices in
the south wall of the lode. At the present time (1883) in the
castern end of the 185-fathom level, the amount of gas is so
large that, although volumes of compressed air are continually
being poured in from two air-pipes, the men experience the greatest
difficulty in working ; and, as candles will not burn, the value of
the end can only be determined by the ore brought out. The yield
of the Foxdale mines during the year 1881 was 3,419 tons of lead
ore containing 69,080 oz. of silver.

At the present time, the deepest portion of the Laxey Mines
is 259 fathoms below the adit. In 1881 they yielded 1,700
tons of lead ore containing 5,250 oz. of silver, and 7,567 tons of
blende. The other mines in the Isle of Man returning lead ore
were Ballacorkish, where fine specimens of the carbonates and
phosphates of lead occur, East Foxdale, Kirk Michael, and North
Laxey.

Evidences of mining operations for copper carried on at a very
early date, have been observed at Bradda Head. This lode, at the
S.W. corner of the island, is one of the finest surface exhibitions of
a mineral vein to be seen in Europe.!

Several attempts have been made, with more or less success, to

1 W. W. Smyth, ¢ Metallic Mining,” Stanford's British Manufacturing Indusirics.
vol. i. 1876, p. 15.
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work the haematite lodes which are found at Maughold Head, near
Ramsey.

According to the statistics of the Mining Record Office, the
total returns in 1881 from mines in the Isle of Man amounted to
5,675 tons of argentiferous lead ore of the value of £76,513, and
7,567 tons of blende worth £28,701; with 120 tons of hematite
worth £60, and 60 tons of copper ore worth £90; making the
total value of metalliferous minerals produced in the island

£105,364.

IRELAND.

Mines are by no means numerous in Ireland, for, although ores
of various metals are not of unfrequent occurrence, there would
appear to be but few localities in which they occur in sufficient
abundance to render their extraction remunerative.

WickLow.—The county of Wicklow is composed of slaty rocks
chiefly of Lower Silurian age, which are broken through by masses
of granite and intersected by dykes of porphyry and greenstone.
In the neighbourhood of the granite the clay slates are often con-
verted into mica schists, granulite, or quartzite, and the metalliferous
deposits of the district are, for the most part, comprehended within
a somewhat narrow belt extending for some distance on either side
of the junction of the granite and schists. They may be divided
into three principal groups, namely :—

1.—Deposits of copper ores and of cupriferous iron pyrites
chiefly in Silurian slates.

2.—Lead ores in granite.

3.—Gold in the sands and gravels of various streams near the
base of Croghan-Kinshella.

There are several copper mines in the county of Wicklow,
some of which are said to have been wrought from very ancient
times. Up to the year 1839 those of the Ovoca district were
worked exclusively for copper, excepting that a certain amount of
lead ore was raised at Cronebane and Connary. About the time
above referred to a sudden demand for pyrites sprang up in this
country, in consequence of the suspension of the sulphur trade with
Sicily, and for many years these mines were worked principally for
iron pyrites. At the present time Irish pyrites has been almost
entirely superseded in the manufacture of sulphuric acid by that im-
ported from Spain and Portugal, in consequence of which the mines
of Wicklow, although once yielding 60,000 tons of pyrites annnally,
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are now no longer actively worked. It was formerly supposed that
the ores occurred in deposits having the same strike and dip as the
enclosing rocks, but more recent investigations have conclusively
shown that, although in their general direction they approximate
more or less closely with the general strike of the country, they
nevertheless invariably cross the strata, although often at a very
small angle. In depth the lodes always underlie faster than the
enclosing rocks.!

The country consists principally of slates and schists, all ot
which are more or less metamorphosed, and associated with them
are various pyroxenic and felspathic rocks. The former are gene-
rally regarded as being of eruptive origin, but the felspathic rocks
exhibit somewhat remarkable peculiarities. At one time they
were supposed to run parallel with the channel of mineral ground
enclosing the lodes, but it has been pointed out by Mr. W. W,
Smyth that in some places they run across it; and Mr. Kinahan
has shown that they sometimes occur in isolated masses, and that,
although some of them are intrusive rocks, the majority may be
regarded as being of metamorphic origin.

The lodes upon which mining operations have been conducted
east of the Ovoca River are principally in clay slate, and occupy
a belt extending from the Ovoca for about six miles in a north-
casterly direction. The principal lodes are not, however, continuous
throughout this distance, but are much interrupted by faults, and
sometimes become either greatly reduced in width, or appear to
die out altogether; patches of dead ground sometimes intervene,
in which no regular veins have been discovered.

In West Cronebane there is, on an average, a depth of six
fathoms of drift over the back of the lode, and under this there
is a breccia composed of angular fragments of country rock cemented
together by hydrated oxide of iron. This latter rests upon the
gossan, whieh here consists of limonite, nearly the whole of which
was removed some years since, at a time when iron ores were
in exceptionally great demand. In a westerly direction the breccia
and gossan gradually thin out, until upon Tigroney brow both have
been removed by denudation, and the unaltered pyrites makes its
appearance on the surface. In West Cronebane the gossan in
some places rests upon a ferruginous clay, and at one point carbon
is present in the form of a grapbhitic shale. Occasionally the gossin
is found to rest on clay containing patches and strings of melaconite

1 P. H. Argall, * Notes on the Ancient and Recent Mining Operations in the
East Ovoca District,” Proc. Roy. Dublin Soc. vol. ii. 1880, p. 211.
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and fahlerz, with occasional veins of pyrites composed of detached
sand-like crystals, which in depth become consolidated and lose
their granular character. In proportion as the thin branches of
pyrites proceed downwards they increase both in width and
number, thus gradually replacing the laminz of the enclosing
killas until, eventually, the entire width of the lode is composed of
pyrites. Still further down the iron pyrites becomes more dense,
but is frequently interlaminated with bands of hard killas, and
under these circumstances the hardest ribs not unfrequently contain
two per cent. of copper.

At Tigroney and West Cronebane the country rock, for a con-
siderable distance both north and south of the great pyrites vein, is
mineralized by finely disseminated particles of iron and copper

pyrites, and these minerals haﬁnng become oxidized near the surface
impart a reddish-brown colour to the partially decomposed rocks.
In these mineralized rocks, for a distance of 25 fathoms south of
the main lode, are lenticular deposits of yellow copper ore. As
first pointed out by Mr. Weaver, these rocks are traversed by
horizontal joints, of which the extent is unknown, but which are
sometimes two inches in width, while at others it would be diffi-
cult to insert the blade of a knife. These joints usually occur at
intervals in depth of about five fathoms, and are crossed nearly
at right angles by a system of almost perpendicular joints, by
which the country is divided into huge nearly rectangular masses.
None of the copper deposits are accompanied by any gossan; but
when one of these joints comes into the immediate vicinity of a
deposit of copper ore, it becomes partially filled with small
fragments of country rock, cemented into a breccia by hydrated
ferric oxide and stained by various compounds of copper.

These deposits of yellow copper ore are generally lenticular
masses intercalated between the lamina of the strata, gradually
thinning off to nothing both in length and depth. In some cases
two or more of such deposits are connected together by branches or
strings. Associated with these deposits are counter lodes, many of
which occupy the perpendicular joints before referred to; and when
these come in contact with lenticular deposits they form junctions
with them, and they themselves for a certain distance contain
copper ores of above the average produce. Lenticular masses of
cuprlferous pyrites are sometimes intercalated with the ordinary
iron pyrites of the great lode.

The mode of occurrence of the iron pyrites and chalcopyrite at
Tigroney and West Cronebane will be understood by referring to
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Fig. 56, in which a represents the main lode, displaced by
various faults, and b lenticular deposits of yellow copper ore on its
south wall. Fig. 57 is a transverse section on the line d ¢, in which
the lenticules of yellow copper ore shown south of the lode are not.
indicated by a letter. At the surface the lode was at this point eight
fathoms in width, decreasing to six fathoms at the 77-fathom level,
below which it was suddenly cut off by a slide underlying 45°

Fio. 56.—Tigroney and West Cronebane ; horizontal secti

south. This slide was sunk upon for a distance of thirteen fathoms,
where a vein of cupriferous pyrites was found two feet in width, the
walls of which were opening out in depth. The vein has not been
proved below the 90-fathom level, which is the deepest point
reached in any of the eastern Ovoca mines. The great sulphur
lode in West Cronebane is cut off towards the east by dead

Fra. 57.—Tigroney; transverse section on d e.

ground, and is not again met with in a workable form until East
Cronebane is reached, a distance of 300 fathoms. This lode in
East Cronebane and Connary is wedge-shaped, and becomes
gradually smaller as the depth increases. At one or two points it
has been followed down almost to the point of a wedge, but 1t is
not impossible that further exploration might lead to the discovery
of a splice, and that the lode may thus continue in depth.
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South of the Connary main lode is Wall's Lode, with a similar
bearing and underlie, which for a short distance yields iron pyrites
with a little chalcopyrite. Towards the east it breaks up into a
number of strings, while westward it is cut off by a mass of
felspathic rock. Further north-east is another deposit of metallic
sulphides known as the Kilmacoo Lode, which is chiefly made up of
clay and soft ground, containing bunches and veins of a bluestone
having nearly the same composition as that found at Parys Moun-
tain in Anglesea. This bluestone, which is sometimes called
kilmacooite, yields from six to eight ounces of silver per ton of
ore, together with traces of gold. The copper ores from the Wick-
low mines contain from 8 to 12 per cent. of copper, while the
iron pyrites affords from 33 to 36 per cent. of sulphur. About
one-sixth of the iron pyrites is to some extent cupriferous, contain-
ing from 1 to 2 per cent. of copper, and about 38 per cent. of
sulphur. Nearly all the pyrites from these mines contain minute
quantities of gold, silver, nickel, and cobalt. A certain amount of
copper is annually obtained from the mine waters by precipitation
with metallic iron. At the present time the total annual yield of
copper from the Wicklow mines, including that obtained in the
form of precipitate, does not amount to 100 tons.

The most productive lead veins of the county of Wicklow have
been those worked in the mines at Glendalough and Luganure, of
which the last only is at present in operation. The veins of this
district have never presented any features of especial interest, ex-
cepting that courses of nearly pure galena 3 feet in width bave
occasionally been found in them; the veinstone is principally
quartz. The yield of Luganure in 1881 amounted to only 822
tons of lead ore, containing 616 tons of lead and 4,932 oz. of
silver. The only other Irish lead vein from which Mr. Hunt’s
statistics give any returns for that year is Newtownards, County
Down, which yielded 27 tons of lead ore, equal to 20 tons 10 cwts.
lead, representing a value of £254. The Government Geological
Survey has shown that the copper and lead veins of Wexford, and
probably those of Wicklow also, are older than the tin-bearing
lodes of Cornwall.

Gold was doubtless obtained by the ancient Irish by washing
the sands and gravels of certain streams and rivers. Gerard
Boate, in his “ Natural History of Ireland,” published in 1726,
mentions the occurrence of gold in Londonderry, since which
time none appears to have been found there. Mr. Kinahan states
that pieces of gold have in late years been picked up in the valley
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of the Dodder, and that quite recently a small nugget was found
on St. Stephen’s Green, Dublin, in a load of gravel which had
been brought from the Dodder Valley! In modern times gold
was not generally known to exist in Wicklow until about ninety
years ago, when it was remarked that persons from that

of the country occasionally brought small pieces into Dublin for
sale. Not much attention appears to have been directed to the
subject, until the finding of a nugget weighing 21} oz. awakened
public curiosity and caused inquiries to be made, the result of
which was the discovery that it had been found in a rivulet flowing
eastward, over Lower Silurian rocks, from the high granitic
mountain of Croghan-Kinshella, on the borders of Wexford, and
joining the Aughrim, a tributary of the Ovoca, at Woodenbridge.
This discovery caused a great rush to take place in 1795, and a
considerable amount of gold was collected by the diggers during
the first six weeks, at the end of which time the Gold-mnine Valley
was taken possession of by the Government, while the operations of
the country people were confined to the neighbouring streams of
Knockmiller and Clonwilliam, Ballintemple, and Coolballintaggart,
of which the last runs northward from Croghan-Kinshella. In
addition to the washings along the beds of these streams, shallow
placer workings were opened further north at Mucklagh, Ballina-
gappoge, and Ballycreen, on tributaries of the Aughrim or Ow
River.

The Government works, under the superintendence of Messrs.
Mills, King, and Weaver, were actively carried on until May 1798,
when they were interrupted by the Irish Rebellion, and not again
resumed until the spring of 1801, when, in addition to the usual
placer mines, a level or tunnel was driven into the eastern face of
Croghan-Kinshella, and several miles of trenches were sunk to the
bed-rock in various directions. In these workings numerous irregular
branches of quartz were cut through, but in no instance was a
particle of gold found 47 sitw; and the alluvial gold having become
practically exhausted the works were eventually abandoned.

The placer mining of the Government is said to have been
remunerative, but the whole of the money thus realized was
subsequently expended in trying to find gold in its natural matrix.
The total amount obtained was 944 oz. which, when melted and run
into bars, assayed on an average 21} carats fine, and was at the
price of the period worth £3,675. The alloy consisted of silver
with a little copper. Sir R. Kane states that the gold collected by

1 G. H. Kinahan, ‘‘ Geology of Ireland,’”’ London, 1878, p. 340.
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private individuals sold for above £10,000. Since the period referred
to, placer mining has at various times been resumed, but never with
any marked degree of success.

Different observers have remarked that the auriferous gravels
of Wicklow are invariably found at a lower level than the outcrops
of certain neighbouring veins containing ores of iron and copper,
through the disintegration of which the gold is supposed to have been
liberated. But although gold is elsewhere often found in quartz
containing various metallic sulphides, none has ever been discovered
in the undecomposed portions of the mineral veins of Wicklow. Its
presence has however been detected a little to the north-east in the
gossans of the Ballymurtagh, Cronebane, and Connary Mines, to the
west and east of the valley of the Ovoca. Some of the nuggets found
have had, however, attached to them fragments of quartz, and it is
consequently evident that a certain amount of auriferous quartz
must exist somewhere in the neighbourhood.

According to Mr. Weaver the following minerals accompanied
gold in the drifts and gravels of the Wicklow placers, namely,
ilmenite, specular iron ore, red and brown hamatite, iron pyrites,
oxide of manganese, garnets, quartz, and chlorite. To these Mr.
Mallet has added the following : platinum, cassiterite, wolfram, mag-
netite, molybdenite, galena, chalcopyrite, topaz, zircon, corundum,&ec.!

Tinstone occurred more frequently at Ballinasilloge than in the
higher ground near Ballinavally. The pieces of gold were, for the
most part, much water-worn, but angular fragments were exception-
ally met with. None of the gold diggings of Wicklow have been
worked otherwise than as shallow placers, but since gold has been
found in so many of the smaller tributary streams, it might be
anticipated that, like in other gold-producing countries, it would
be found in the deeper detritus on the banks of the larger rivers.
These do not appear to have ever been explored, but Mr. Kinahan
has suggested that gold may perhaps exist in paying quantities
beneath the river and estuarine gravels at Woodenbridge and various
other points in the valley of Ovoca. A few specks of gold have
occasionally been found not only in the gossans at Ballymurtagh,
Crouebane, &c., as already stated, but also in those of the copper
lode at Carrigat or Dhurode, south of Bantry Bay, in the county
of Cork.

IrRoN OREs oF MIOCENE AGE—Iron-ore measures belonging
to this age represent an important feature of the Miocene rocks of

! William Mallet, ‘“ On the Minerals of the Auriferous Districts of Wicklow,”

PAil. Mag., vol. xxxvii. 1850, p. 392. The presence of platinum was by no means
satisfactorily determined by Mr. Mallet.
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Ireland ; and, although usually classed as one series, they are believed
to occur on slightly different geological horizons. They comprise
beds of pisolitic iron ore, aluminous iron ore, bole, and lithomarge,
often associated with lignite. At some of the iron mines the thick-
ness of these measures exceeds 60 feet, while in others it scarcely
amounts to so many inches.! The Tertiary rocks of Antrim com-
prehend dolerites, basalts, and tuffs, the latter including the iron-ore
measures, &c. The dolerite rocks may be divided into two series, the
upper and the lower ; the first of these being above the principal
iron-ore measures, while the second is below them. The dolerites
and basalts occur in the form of flows, protrusions, and dykes, while
associated with them are bole and laterite with beds of ferruginous
lithomarge and aluminous and pisolitic iron ore, in which last are
occasionally beds of lignite.?

The dolerites are often somewhat coarsely crystalline and occa-
sionally even porphyritic, and they not unfrequently exhibit a
columnar structure; very large areas are covered by doleritic and
basaltic rocks, but the tuffs are of more limited extent. The thick-
ness of the flows of dolerite varies from a few feet up to 40 feet,
while between them are accumulations of bole, a material closely re-
sembling the laterite which, in India, covers to a great depth vast
areas and contains deposits of nodular iron ore. In Ireland the
thickness of these beds or partings seldom exceeds 70 feet. In
some places the ferruginous accumulations graduate into aluminous
iron ore of good quality, but in such cases they are not generally
pisolitic, although the aluminous ores occasionally assume this
structure if they come immediately in contact with a deposit of
pisolitic ore. The beds of laterite between the flows of dolerite are
usually of a reddish-brown colour, and are very tough. They have
an amygdaloidal structure, and contain cavities enclosing aragonite
with various zeolites.

The partings between the lower beds of dolerite are generally
softer than those dividing the upper series, and frequently graduate
into either ochre or bole. This does not take place so frequently
between the upper dolerites, but in all cases, the iron ore alone
excepted, the material constituting the dividing beds is throughout
vesicular.

The iron-ore measures of Antrim vary in thickness from 10 to
70 feet ; in the Glengariff Mines they do not, according to Mr. Argall,

! G. H. Kinahan, “ Geology of Ireland,” p. 184.
* Philip Argal], ‘‘Notes on the Tertiary Iron Ore Measures, Glengariff Valler,
County Antrim,” Proc. Roy. Dublin Soc., vol. iii. 1881, p. 151.



PART 1] IRELAND. 221

exceed 60 feet, and, with the associated rocks, afford the following
section :—

TERTIARY . . . . ‘Upper dolerites . . . . . . 300
Iron-ore measures . . . . . 60

2 Lower dolerites . . . . . . 250

Basal conglomerate . . . . 2

CRETACEOUs . . . White limestone . . . . . . 70
Total . . . . . . 682

The iron-ore measures are composed as follows : —

Ft. in.

6. Steatitic rock ; local name Brushing . ... 0 8
5. Steatitic clay ’ Holing . . lin.to 0 3
4. Pisolitic ore ' Firstore:. . . . . 1 7
3. Aluminous ore - Secondore . . .. 2 6
2. Ochreous rock ' Pavement . . . . 15 0
1. Lithomarge ' Marge . . . . .. 40 0
Total . ... - . 60 0

The lithomarge usually rests upon an irregular flooring of
dolerite, which is in places corroded into deep holes. Boulders and
masses of dolerite, externally much decomposed, are also found
embedded in the bottom beds of the lithomarge and often pass
insensibly into this rock. The lower beds of lithomarge are usually
of a light lavender tint, and contain numerous small spots of
beauxite ; while the upper layers are brown or nearly black. It isa
brittle, splintery rock, which flies before the pick, but is never-
theless readily cut with a knife. In the immediate vicinity of an
cruptive dyke it becomes a very tough rock, and on exposure
to the atmosphere it rapidly exfoliates. Interstratified with
lithomarge are deposits of aluminous iron ore, usually in the form
of beds varying in thickness from a few inches to several feet ; but
they sometimes also occur as lenticular intercalations. Small
partings and seams of a siliceous lignite are sometimes found
in the aluminous ore as well as in the pisolitic variety, but
seldom or never occur in the lithomarge. It has been observed
that when peat water flows over an exposed surface of lithomarge
a deposit of oxide of manganese frequently takes place in its
cavities and interstices,

The ochreous rock above the lithomarge is called the “ pave-
ment,” and forms the floor of the iron-ore measures. It seldom
contains beauxite, excepting in the immediate vicinity of a dyke,
where considerable masses of that substance frequently occur.

On the pavement rests the aluminous or second iron ore, the
upper portions of which are to some extent pisolitic, and on this



IR S ———— e T

222 ORE DEPOSITS. [paRT 11.

lies the first or pisolitic ore. The pisolitic ore varies considerably
in thickness, but sometimes reaches 30 inches. In colour it is
either brown or black, some of the pisolites of the latter colour
having the appearance of graphite. These are more or less
magnetic, many of them consisting chiefly of magnetite. The
pisolitic iron ore usually contains from 30 to 70 per cent. of iron
oxide, from 2 to 10 per cent. of alumina, from 5 to 10 per cent. of
silica, and from 9 to 11 per cent. of titanic oxide. Sulphur is
entirely absent, and only minute traces of phosphorus are occasion-
ally present. The aluminous ores contain from 25 to 35 per cent.
of iron, from 34 to 37 per cent. of alumina, and from 12 to 16
per cent. of silica. They are free from sulphur, only occasionally
contain traces of phosphorus, and titanic oxide is entirely absent.
These ores are largely employed as a mixture in smelting heematites.

Lignite and beauxite occur in the iron-ore measures of
County Antrim, and usually replace the pisolitic seam, although
in some places the lignite is separated from the ore by a band
of beauxite. Intervening between the pisolitic ore seam and the
roof are two beds of steatitic clays, known respectively as “ holing *
and “brushing.” These clays contain numerous pisolites of aragonite,
and similar nodules of that mineral are by no means uncommon
in the lower bands of dolerite. The iron measures of Antrim are
often penetrated and displaced by basaltic dykes, whose general
bearing is a little east of north, and which vary in thickness
from a few inches to several fathoms. They have frequently a
columnar structure, the bases of the columns being nearly at right
angles to the walls of the dykes.

These iron-ore measures are supposed to be of lacustrine origin,
and to have been formed in shallow expanses of water in basins re-
sulting from successive but unequal flows of dolerite. Lignite occurs
in this rock near Crumlin, east of Lough Neagh; Carnmoney,
south-west of Carrickfergus; Ballypalady, east of Antrim; also in
the face of the cliff near the Giant’s Causeway ; and at Dunagael,
Rathlin Island. Generally speaking, hgmt,e is more or less asso-
ciated with the ironstone measures, but in some cases it occurs
between beds of dolerite. At Lemeneigh, west of Ballintoy, the
lignites contain blocks of wood which split with great facility,
while, still further west, the wood is but slightly mineralized and
remains very much in its original condition. In the clay below
the lignite are found plant remains, one of which is considered by
Bailey to be M‘Clintockia Lyellii, a plant previously found only in
Greenland.
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The principal localities at which pisolitic iron ores have been
worked are along the outcrop of the beds from Knockboy and
Ballylig, near Broughshane, to Glenravel, Cargan, and Newtown
Crommelin ; on the sides and at the head of Glengariff ; near Carn-
lough and Glenarm; at Shane Hill, west of Larne; on Island
Magee ; at Ballypalady ; near the Giant’s Causeway; and a little
inland from the White Rocks near Portrush. The whole of the
workings are in the conntry lying north and north-east of Lough
Neagh.

During the year 1881 there were exported from County Antrim
198,429 tons of this ore, the only other iron ores produced in
Ireland being gossans from Ballymurtagh, County Wicklow,
amounting to 1,433 tons.

OTHER MINING LocALITIES.—That workings for copper ore were
carried on at a very early period in the Bonmahon district, County
Waterford, is rendered evident by a number of ancient wooden
mining tools, which were discovered by Mr. Petherick in some old
workings on the Stage Lode at Knockmahon. During the course
of the last century the Knockmahon Mines were worked at
different intervals and with somewhat varying success; in the
aggregate, however, they have produced large quantities of copper
ore and have sometimes yielded considerable profits to the adven-
turers. The lodes, which traverse Silurian rocks and are inter-
sected by numerous cross-courses, are, according to Kinahan, of
Pre-Carboniferous age, and are cut off by certain red conglomerates
and sandstones, probably of Old Red Sandstone age. The
general direction of the lodes is west of north, and the ground
is traversed by various dykes of quartz-porphyry. The lodes at
Knockmahon have, however, been worked down into very poor
ground, and operations were ultimately suspended in the year 1880.

Some rich lodes, unknown to the ancients, were discovered
about the year 1810 at Allihies, west of Bearhaven; and,
under the name of the Bearhaven Mines, have since been success-
fully worked and have yielded large quantities of copper ore. The
mines have now attained a depth of above 250 fathoms, but the
returns have of late considerably fallen off. The lodes occur at the
junction of the Yellow and Old Red Sandstone of the Cork type,
and at the present time the annual production of the Bearhaven
Mines is not above 832 tons of copper ore of 83 produce and of the
aggregate value of about £4,500. The slaty regions, extending
from Cork to the Mizen Head and beyond that point northward,
enclose small veins containing copper ores of high percentage, such
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as erubescite and tetrahedrite; but, with the exception of Bear-
haven, no great degree of success has hitherto attended mining
operations in this part of Ireland.

SCOTLAND.

Although the earliest documents relating to mining in Scot-
land do not go further back than the twelfth century, the
testimony of Roman writers and the number and variety of
the prehistoric gold ornaments which have from time to time
been found in that country, render it probable that the early
population had worked the native sources of supply at a period
long anterior to the beginning of written history. The first
historical notice of gold occurring in Scotland is a grant in 1153
by David I, to the abbey of Dunfermline of a tithe of all the gold
from Fife and Fothrif; and, in 1424, the Scottish Parliament
granted to the Crown all the gold mines in Scotland.!

A document from the Balcarres MSS,, printed in the Analecta
Scotica, first series, pp. 91-94, shows that between the years
1585-1590, lead ore, to the amount of 15,717 stone, had been
shipped from Scotland for foreign use. In the year 1593, Thomas
Foullis obtained a take of all the mines in the sheriffdom of
Lanark ; and in 1707 an act of parliament exonerated and dis-
charged Charles, Earl of Hopetoun, from a rent of 1,000 marks
payable by him to the Crown in terms of the original grant.
Another act gave him the right to pass the bridge of Ramwell
Craig and Dunneden with lead ore and supplies for the mine and
miners freec of toll. This privilege was shared with the Duke
of Queensberry.

GoLD.—As far as is at present known, the gold fields of Suther-
land are all comprised within a radius of about ten miles around
Benuarie, the gold having, for the most part, been found along the
valleys of the tributaries of the Ullie or Helmsdale River.2

The principal streams which have been worked are the
Kildonan, where gold was first discovered, the Suisgill, and the
Torrish ; these streams constitute what are known as the Kildonan
diggings. Gold has also been found in the Altenbraichich, the
Cinpreas, and the Craggie, all flowing into the Ullie. On the
south side of the dividing range, called the Crask, gold has been

1 R. W. Cochran-Patrick, *Early Records Relating to Mining in Scotland,”
Edinburgh, 1878.

2 W. Cameron, ‘‘ On the Sutherlandshire Gold Fields,” Trans. Geol. Soc. 0
Glasgow, vol. iv. 1874, p. 1.
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found in the Smeorol, a burn which falls into Loch Brora at Gordon
Bush, and hence called the Gordon diggings. Further west, on
another tributary of the Brora, known as the Black Water, gold
has been likewise found.

The prominent geological features of the country are rocks
which are regarded as being mainly of Lower Silurian age, con-
sisting of granites, gneiss, mica schist, and quartzite, which, in
a few localities only, are traversed by veins of quartz. Along the
coast is a belt of coarse-grained granite. Old Red Sandstone some-
times caps the Silurian rocks, and Oolitic shales are found near the
sea above the valley of the Brora. In the streams in which gold
has been most plentifully found gneissoid and schistose rocks prevail,
while the higher ground is everywhere so thickly covered by a deep
deposit of peat that it is only at points situated at considerable
distances apart that any rocks are exposed on the surface. In the
beds of the rivulets on the high ground of the Kildonan hills,
schistose and flaggy rocks largely predominate, and in the interstices
between their lamina® gold is sometimes found.

On either side of the Kildonan, high moorland hills trend
towards a range of quartzite running parallel with the Ullie, and
confine the stream and its littoral flats within very narrow limits.
Tributaries occasionally flow into the main burn and often afford
good sections both of the rocks and drifts; the latter usually
yielding a little gold. In some places the Kildonan itself has cut
its way through beds of rock outcropping at the surface, while in
others high banks of sand and pebbles afford evidence of extensive
alluvial deposits. These flats are occasionally flanked by deep
terraces of gravel and drift, from the surface of which, mixed with
angular fragments of granite, grains of gold may sometimes be
obtained by panning.

Towards the lower portion of the stream the rocks assume a
more granitic character, and are associated with gneiss, micaceous
and chloritic schists, and quartzites, which are occasionally traversed
by veins of quartz. In some parts of the course of this stream
granitic masses assume the form of dykes, and gold appears to
be most plentiful when the stream forms an acute angle with
the strata crossing its bed. Asa rule the miners preferred working
either in the vicinity of masses of granite, or in the neighbourhood
of a partially decomposed greenish schist. The earlier operations
of the diggers were exclusively confined to the banks of the
streams where the bed-rock was above the level of the water. The -
gold was found chiefly in the lower drift, but it has been also

Q
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obtained from all the various strata even up to the roots of the
heather. The drifts vary materially in character, having some-
times the appearance of a ferruginous conglomerate, while in
others the auriferous material is a yellowish felspathic detritus.
The small proportion of rounded quartz pebbles and boulders, or
in some instances their entire absence, would be considered remark-
able by a person accustomed to the placer diggings of California
or Australia. In nearly all cases the material which remains
when the process of washing draws towards completion, is found
to contain, along with the gold, a considerable proportion of
titaniferous iron ore and magnetite together with a few small
garnets. As before stated, the auriferous detritus is generally
almost entirely composed of somewhat water-worn fragments
of the local rocks; but in a few instances pebbles from the Old
Red Sandstone and nodules of red hamatite have been found
among it. Latterly the miners no longer confined their operations
to the shingle immediately bordering the streams, but advanced
for some distance into the flats forming their banks, although
with but very moderate success.

The Suisgill is a burn of about the same size as the Kildonan,
but is flanked by deeper deposits of drift and by more extensive
flats than that stream. In this rivulet the gold is coarser than that
found in the Kildonan, and it is here that a two-ounce nugget is
said to have been found. The same rocks present themselves along
the course of the Suisgill that are seen in the bed of the Kildonan,
although the latter affords better sections. Nearly all the other
streams exhibit similar peculiarities, and a description of them is
congequently unnecessary. It is evident that gold in small
quantities is generally distributed throughout this part of Scot-
land, but there appears to be considerable difference of opinion
with regard to its derivation. Sir R. Murchison believed the gold-
bearing drift to have been brought from the Silurian plateau towards
the central and western portions of Sutherlandshire, while Mr.
Campbell of Islay is inclined to the opinion that at least a portion
of it may have come from even Scandinavia or Lapland; both,
however, consider the vehicle of transport to have been ice. No
gold has as yet been found in this district 4n situ, and consequently
no definite proof exists of its local origin. The drift is, however,
composed of fragments of purely local rocks, while quartz pebbles,
usually so plentiful in deposits of this nature, are almost entirely
wanting. Influenced by these and similar considerations Messrs.
Joass and Cameron are disposed to ascribe a granitic origin to the
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gold of this area. It is, however, possible that it may have been
derived from the quartz veins which are seen in the ravines through
which the streams severally flow, or from others which are now
hidden under a covering of bog or other material.

Whether the gold which occurs in these drifts could under
ordinary circumstances afford remunerative occupation to any con-
siderable number of men, is open to grave doubt. When, however,
it is stated, that a tax of one pound per month was levied by the
Duke of Sutherland upon each miner for the privilege of digging
for gold upon his waste lands, and that the Government further
demanded one-tenth part of the gold found as Royalty, it will be
easily understood why gold washing in this district was an industry
of short duration.

LEAD, SILVER, AND NICKEL.—There are lead mines in the south
of Scotland at Wanlock Head, now called the Queensberry Mines, in
Dumfriesshire, and at Leadhills in Lanarkshire, where the veins
occur in Silurian rocks. At Cally, in Kirkcudbrightshire, copper ore
has been discovered, and stibnite has been found in the county of
Dumfries. In neither case have they been turned to any account,
although a small quantity of lead ore is annually produced in the
first-named county. The lead mines of Strontian, in Argyleshire,
were once of some importance, and a lead mine in schist has been
worked at Tyndrum, and another in the Isle of Islay. Pentlandite,
a sulphide of iron and nickel, was, some years since, worked at
Glen Essochossan, two miles from Inverary, as well as at Craignure,
in the vicinity of Loch Fyne, eight miles distant from the same
town. About 300 tons of ore averaging 14 per cent. of nickel are
stated to have been sold from these mines. In a sample of the ore
from the Craignure Mine Mr. F. Claudet found, in addition to the
usual percentage of nickel, a considerable amount of tin oxide.

Writing towards the latter portion of the eighteenth century
Jars! states with regard to Leadhills :—* Le filon principal produit
jusqu’a la plus grande profondeur ou on l'exploite, de 100 pieds
au-dessous de la galerie d’écoulement, du trés-beau spath, du
minérai de plomb & larges facettes, irrégulieres et cubiques, de la

1 ¢« Up to the test depth to which it is worked, 100 feet below the adit, the
rincipal vein uces very beautiful spar, lead ore with large irregular and cubical
aces, green, bll;ck, and non-crystallized white ore ; the latter also in white and very
friable crystals. This variety is very beautiful and extremely rich in lead. I have
seen this vein worked for a very great distance with a width of at least four feet, massive
ore; and I am assured that it enlarged as the deg:.h increased, as at its greatest
depth it is seven feet. This vein is ono of the richest in Euroj}e—l have not yet
seen anything which approaches to it in abundance.”— Voyages Métallurgiques, vol.
ii. p. 531, Paris, 1780.
Q 2
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mine verte, de la noire, & de la blanche non-crystallisée, & de cette
derniere en crystaux blancs & trés-friables; cette espece est trés-
belle & extrémement riche en plomb. J'ai vu exploiter ce filon
sur une trés-grande étendue, au moins de 4 pieds de largeur en
minérai massif, & I'on m’a assuré qu'il s'élargissoit en approfondis-
sant, puisqu’a sa plus grande profondeuril en avoit 7. Ce filon est
un des plus riches qu’il y ait en Europe, je n’ai encore rien vu
qui approche de cette abondance.”

John Mawe,! writing at the beginning of this century, says: “The
veins are in general large and extremely rich. The Susanna veinis
the admiration of travellers, being a great rake vein which in some
places has continued for a considerable way fourteen feet wide of
solid ore. It is now full three feet wide and an amazing quantity
is before the miners. The mine is about 100 fathoms deep with a
fire-engine not now employed, a sufficient quantity of water
having lately been procured to work the water-engines so as to
keep the bottom dry.” The mines of Strontian, in north-western
Scotland, afford an example of the occurrence of lead veins in
granite. '

In 1881 the Leadhills produced 1,804 tons of lead ore con-
taining 5,412 oz. of silver, of the total value of £17,138.

During the year ending June 1883 the quantity of ore dressed
was 2,891 tons; 2,115 tons of ore were smelted, producing with the
fumes 1,693 tons of lead.

In 1881 the Queensberry Mines, late Wanlock Head, yielded
1,826 tons of lead ore containing 8,000 oz. of silver, worth £17,347.
In addition to the above the East Black Craig Mine, in Kirkcud-
brightshire, yielded 176 tons of lead ore, value £1,628. During the
same period 232 tons of copper ore, value £468, were produced in
Shetland, and 323 tons of blende, value £607, were raised at the
East Black Craig and Queensberry mines.

BLACKBAND IRONSTONE.—In Scotland the coal-bearing strata
lying above the Millstone Grit are known as the upper Coal-
measures, while the seams of coal in the Carboniferous Limestone
belong to the lower Coal-measures. These measures stretch across
the country in a south-westerly direction from the German Ocean
to the North Channel. In addition to coal both the upper and
lower series contain valuable seams of blackband ironstone. This
term is applied to ironstones of a dark brown or black colour
containing a sufficient amount of carbonaceous matter to enable
them to be burnt in heaps without the addition of extraneous fuel

! Mineralogy of Derbyshire, dec., London, 1802, p. 137.
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When thus burnt the residues often yield from 50 to 70 per cent.
of metallic iron. Blackband ironstone is found both in the upper
and in the lower series.!

The Upper contains—
Thickness.
The Palace Craig Blackband . . . . . . . . ... 12 inches.
o Airdrie . . .. ..o 000 e 16 ,,
sy Bellside . . . . . .. ... ... ..... 6 ,,
, Kiltongue . . . . . ... ... ..., about 6 ,,
,» Calderbank or Kennelburn . . . . . . .. 10
y» Slatyband . . . ... .. .. from 12 inches to 8 feet.
,» Lower Slatyband . . . . . .. ,» 12 ,, ,, 18 inches.
The Lower series contains—
The Possil Upper Blackband . . . . . . .. ... 12 inches.
,, PossilLower . . . . . . . ... ... ... 12 ,,
, Banton . . . . . ... .. L. 12 ,,

All these ironstones have been found in some part of Lanark-
shire, the principal seams being the Airdrie Blackband and the
Slatyband. The former, now nearly exhausted, has been found in
workable quantity within an area of only about ten square miles,
but its equivalent in the form of a thin seam of coal covers an
area of from fifty to sixty square miles. The Slatyband extends
over a considerable area, but is variable both in thickness and
quality, sometimes gradually thinning out and disappearing. It is
found in Lanarkshire, Ayrshire, and Fifeshire, though in the last-
named locality it is not of good quality. In Linlithgowshire it is
represented by the celebrated Boghead canuel coal.

Blackband was discovered in Lanarkshire by Mushet in 1801,
and has for many years been very extensively worked, but at
the present time the supply is rapidly falling off. The yield of
blackband ironstones is at the rate of 2,000 tons calcined ore,
equivalent to 1,000 tons pig iron, per acre for each foot iu thickness.

Clay ironstone is worked in connection with the Shotts Furnace
Coal and the Ball or Coalinshields Coal, and two bands of clay iron-
stone occur in the underlying Millstone Grit series, namely, the
Ginstone and the Curdley or Curly ironstone. Clayband ironstone
of good quality was formerly obtained at Banton and Denny in
the Carboniferous Limestone series. Several seams of the same
mineral have been mined at Falkirk among the strata immediately
overlying the Slatyband ironstone. This ore has also been
obtained from the horizon of the Brighton Main and the

! Ralph Moore, “ On Coal and Ironstone Mining in Scotland,” Proc. 8. Wales
Inst. of Eng. vol. iii. 1864, p. 239.
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Auchingane coals. Of the 2,595,375 tons of ironstone produced
in 1881 in Scotland, 1,402,700 tons were Blackband and 1,192,675
tons Clayband.

GENERAL SUMMARY OF THE PRODUCTION OF METALLIFEROUS MINERALS IN THE
UNirep KINGDOM DURING THE YEAR 1882.1

Description of Ore. Quantities. Value.
Tons, £
Ironore . . . ... ... 18,031,957 5,779,285
Bogironore . ... ... 5,872 1,957
Tinore . . . ... ... - 14,045 805,847
Copperore . . . . . . .. 52,810 206,738
ore . . . . . . ... 65,001 592,610
Zincore . . . . . . . .. 32,539 93,571
Iron pyrites . . . . . .. 25,403 14,459
Cobalt and Nickel ore . . . 38 241
Manganeseore . . . . . . 1,648 3,907
Wolfram . . . . ... .. 58 747
Arsenical pyrites . . . . . 12,564 11,614
Total value of metalliferous minerals . . . . . £7,5610,976
FRANCE.

Metal mining in France is of very ancient origin, as the
Gauls were familiar with gold, silver, lead, copper, tin, and iron
previous to the Roman conquest of the country. Under Roman
government metalliferous mines were extensively worked, but
at the time of the Northern invasion they were generally
abandoned. At a later date mining was resumed by the Saracens,
who carried on that industry in the Pyrenees and in various other
districts, but it was not until nearly the end of the eleventh century
that the mines of France assumed any distinctive importance. 1In
the thirteenth century mining was again generally abandoned in
consequence of long-continued wars, and the mines were not
re-opened until the commencement of the sixteenth century.
During the Thirty Years War operations were again arrested, and
it was not until the beginning of the eighteenth century that some
prosperous mining undertakings were carried on in Brittany, in the
Pyrenees, and in Central France. This prosperity of mining
enterprise was however only temporary, and it is somewhat

! “ Mineral Statistics of the United Kingdom for the year 1882, pared b
Her Majesty’s Inspectors of Mines.” London,g‘}SB& y » P v
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remarkable that, with the exception of those of iron ores, com-
paratively few of the metalliferous deposits of Fraunce are rich
enough, and at the same time sufficiently easy of access, to repay
the expenses of working.

France has no valuable gold mines, but the sands of some of
her rivers are to a small extent auriferous. The only vein known
to contain gold in ‘appreciable quantities is that of La Gardette, in
the Department of Isére, which is from two to three feet in width,
and is enclosed in gneiss. Gold was discovered in this locality
in the year 1700, and workings were intermittently carried on up
to 1841, but the aggregate amount of the precious metal obtained
was very small. The Rhine, until recently forming for some
distance the eastern boundary of France, for centuries yielded
small quantities of gold, and, according to a report of Réaumur
presented to the Academy of Sciences in 1718, its sands had been
chiefly worked between Strasburg and Philippsburg. The gold
of the Rhine in the vicinity of Strasburg formerly belonged to
the magistrates of that city, who farmed out the gold-washing
on a royalty, but in the year referred to they only received
some four or five ounces as their proportion of the annual
produce. In the year 1846 Daubrée made an exhaustive report
to the Academy of Sciences in which he states, that the gravels
most commonly worked were those deposited below sand-banks
or gravel islands which have been eroded by the river; and
that the gold is chiefly concentrated in the coarser gravels which
have been freed from silt and fine sand by the action of currents!
The gold usually occurs in the form of minute scales, and is
constantly accompanied by titaniferous iron ore, the amount of
which is proportionate to the richness of the original sand for the
precious metal. The workable beds are invariably thin, seldom
exceeding six inches in thickness, and the particles of gold are
exceedingly small, since the number required to weigh one
milligramme varies from 17 to 22, while one cubic metre of gravel
contains from 4,500 to 36,000 of such scales. In addition to the
auriferous deposits which accumulate in the bed of the stream,
Daubrée states that the ancient detritus on its banks, extending
from three to four miles in"width, also affords an appreciable amount
of gold, but that the fine silt free from gravel may be regarded as
totally barren.

The sands of the Rhine are still occasionally washed upon a
small scale, but it is believed their production was formerly more

1 Comptes Rendus, vol. xxii. 1846, p. 639,
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considerable than it is at present. The yield of the year 1846
was estimated at £1,800, the washers usually making from one
and a half to two francs per diem, although they occasionally
realized from ten to fifteen francs. After a very careful study of
the whole question Daubrée arrived at the conclusion that, by the
aid of proper appliances, these sands might possibly, at that time,
be treated with advantage. Some of the operations were evidently
capable of improvement, since the washing was entirely conducted
by manual labour, although the motive power of the river itself
might, if applied to a dredging machine, be easily made to remove
the richer gravels and to deposit them at the head of a properly
arranged sluice.. Although the application of machinery might
doubtless in this and other ways be made to materially lessen the
expense of washing the sands of the Rhine, the yield of gold is so
exceedingly small that it is nevertheless doubtful whether by any
known method of treatment satisfactory results could be obtained.

Several localities in France have from time to time afforded
small quantities of gold, the River Ariége (4urigera) being said
to have derived its name from its auriferous sands. The washing
of these up to the close of the fifteenth century is stated to have
yielded nearly a hundred pounds weight of the precious metal
annually. Small quantities of gold have been also sometimes
obtained by washing a conglomerate of Carboniferous age, in the
vicinity of Bességes, Département du Gard, where traces of gold
occur in the quartzose pebbles of the Millstone Grit.

The production of gold in France during the year 1880 is
officially stated to have been 31 kilogr. or 996} oz., but the ores
from which it was obtained were probably, in part at least, derived
from foreign sources.

Iron ores are produced in thirty-three of the French depart-
ments; that of Meurthe-et-Moselle having in the year 1880
furnished 58 per cent. of the total production of the country.

The yield of each of the following most productive departments
exceeded in that year 50,000 tonnes, namely :—!

Tonnes.

Mearthe-et-Moselle . . . . . . . ... .. .. 1,658,000
Haute-Marne . . . . ... .. .. ..... 195,000
Ardéche . . . . . . ... ..., 190,000
Sabne-et-Loire . . . . . . .. ... ... .. 160,000
Cher . . . . . . . .. ... .. 102,000
Pyrén(,es Orientales . . . . . .. . ... .. 98,000

.................... 88,000
Isére .................... 58,000

1 ¢« Statistique de 'Industrie Minérale en France eten Algena Année, 1880," p. 33.
One tonne = 1,000 kdogr i N
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The following table gives the total production of iron ores in
France during the year 1880, together with the proportional
weights of the different varieties obtained :—

Nature of Ores. Tonnes. Percentage.

Ooliticores . . . . . . . . .. . . . 1,841,000 . . . . 641
Other hydrated oxides in grains, geodes, &c. . . 564,400 . . . . 1938
Red hematite . . . . . . . . . . . ... 242,400 . . . . 84
Brown hematite . . . . . . . . . . ... 107,500 . . . . 87
Spathose ironores . . . . . . . . . ... 103,400 38
Clay ironstone . . . . . . . . . ... .. 5,800
Magnetite . . . . . . . .. ..o 19,700 . . . . 7

Total . . . ... ... 2,874,200 1000

Copper mines are worked in the departments of Var, Gard,
Basses-Pyrénées, and in Savoie, but their aggregate production of
merchantable ore during the year 1880 amounted to only 550
tonnes. Zinc ores are produced in various parts of France, but the
most important are those of Saint Laurent-le-Minier, Gard, which
yielded about one-half of the annual production of the country.

Burat! divides France into five metalliferous districts, namely :
—the promontory of Brittany, bounded by a line extending from
Contentin, passing near Alencon and Angers, and terminating in
the vicinity of Parthenay; the mountainous range of the Vosges,
forming a kind of island surrounded by sedimentary rocks; the
great plateau of Central France; the Pyrenees; and the Alps.

BRITTANY.— Both with regard to its geographical position and
its geological constitution, Brittany closely resembles Cornwall,
being like it a region largely composed of clay slates broken
through by granite, traversed by dykes of porphyry, and penetrated
by masses of serpentine. In spite, however, of these analogies the
metalliferous deposits of the two countries are of very unequal
importance. In Brittany the tin veins of Cornwall are but feebly
represented, copper lodes do not exist, and mines of argentiferous
galena, similar to those of North-Western Cornwall, are not very
actively wrought.

Oxide of tin has been found in small quantities in various
localities particularly at Pyriac, two and a half miles west of the
mouth of the Loire, and at the Moulin de la Villeder, Morbihan.
At Pyriac the clay slate is in contact with the granite, and
at their point of junction there is an alternation of schistose and
granitic or gueissic rocks containing oxide of tin, which occurs either
disseminated through thin veins of quartz or in the form of small

1 ¢ Géologie Appliquée,” 3rd ed. part i. p. 864,
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concretionary masses. A considerable amount of prospecting was
carried on at this place in 1818, but although about 10 cwts. of
tinstone were collected no workable or regular deposit of that
mineral was discovered.

At the Moulin de la Villeder, near the rock Saint-André, a
vein of stanniferous quartz is enclosed in granite. Its direction is
N. 34° W,, and the veinstone assumes a greenish colour wherever
oxide of tin is present. In addition to cassiterite this vein contains
mispickel, topaz, and emerald, and at various places in the district
the alluvium is to some extent stanniferous. '

Poullacuen and Huelgoét, situated near Morlaix, in the
Department of Finistére, were for a long time the most important
lead mines in France, but have not been in active operation since
the year 18G6. The workings, first commenced in 1729, were
chiefly confined to two principal lodes, both of which traverse clay
slates of Silurian age. The main lode at Poullaouen was opened
for a length of 750 fathoms and to a depth of about 100 fathoms.
Its width is very irregular, varying from a few inches to twenty-five
fathoms. Its average breadth, which is somewhat difficult to
determine, as it has neither selvages nor well-defined walls, may be
taken at about six feet, while its course is nearly north-west and
south-east with a dip of 45° to the north-east. The country rock,
consisting of clay slate, associated with quartzite and greenstone,
strikes east-north-east and west-south-west, and dips at an inclin-
ation varying from 40° to 50° towards the south. The principal ore
is argentiferous galena, which is more or less mixed with blende and
iron pyrites. These minerals, like the accompanying quartzose
veinstone, form a network, in which the galena is more frequently
associated with slate than it is with quartz. The strings or threads
of minerals, which are often very narrow, sometimes expand to a
width of several inches, and frequently separate to again re-unite.
Granular ore is sometimes disseminated throughout the slate which
forms a portion of the vein-material, and even the wall rock is
in some cases similarly impregnated. This lode was considered rich
when galena formed one-tenth of the vein-material. The galena is
by no means equally distributed throughout the lode, but is found in
courses of from 40 to 50 fathoms in length which incline at various
angles in the direction of its strike. The ore contains from -0003
to “0005 of silver, or from 9 oz. 16 dwt. 0 gr. to 16 oz. 6 dwt. 16 gr.
per ton.

The principal lode at Huelgoét, which is on the whole more
regular than that of Poullaouen, but nevertheless varies in width
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from twenty inches to seventy-five feet, has been followed in length
for a distance of 500 fathoms and to a depth of about 135
fathoms. Its average width may be taken at about twelve feet,
its strike being north-west and south-east, with a dip of about
70° nporth-east. In addition to argentiferous galena this lode
yields gossans, ferres rouges, carrying a considerable amount of
silver, both in the native state and as horn silver. These ochreous
ores were mostly treated by amalgamation. The principal vein-
stone is quartz, which, in addition to galena, contains patches of
pyrites, blende, pyromorphite, cerussite, plumbo-resinite, and
laumonite. Blende and quartz frequently form ring ores, of which
the centre is blende, and fragments of the wall rock are often in
the same way encysted by an envelope of silica, as shown in Fig. 27,
page 44.

For several years previous to 1857 the average annual yield of
these mines was about 240 tons of litharge, 120 tons of soft lead,
and 1,280 kilogr. of silver ; the whole being of the estimated value
of 480,000 francs, or £19,200.

At Pontpéan, near Rennes, a lode yielding argentiferous galena
and blende has been worked to a depth of about eighty fathoms
and over a considerable length. This vein, which is enclosed in
ancient clay slates, runs approximately north and south and is
nearly vertical. During the course of the year 1880 the mines at
Pontpéan produced 4,184 tonnes of argentiferous lead ores and
1,501 tonnes of blende, of the aggregate value of 1,084,706 francs,
or £43,388.

There are likewise veins of galena, which were formerly
worked near Saint-Brieuc, but,’ having gradually become im-
poverished in depth, they were abandoned in the year 1790,
since which period some of them have been re-worked and again
abandoned. The other veins of lead ore known to exist in this
region are not sufficiently important to demand any special
notice.

THE Vosges.—The deposits of argentiferous galena of this
region, which were wrought at a very early period, and yielded
considerable returns of lead and silver during the course of the
last century, are now almost entirely abandoned. Burat attributes
this decay of the mining industry of the Vosges to bad manage-
ment and a shortsighted policy on the part of former proprietors,
and expresses his belief that had the same veins been situated
in Saxony or the Harz many of them would have continued in
active operation down to the present day.
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Numerous veins of argentiferous galena occur in the neigh-
bourhood of Sainte-Marie-aux-Mines, the principal of which is
known as the Lacroix Lode, and is celebrated for its great breadth
of above sixty feet, as well as for having been worked upon for
a length of more than two and a half miles. The lode of Lacroix-
aux-Mines traverses the mountain of Saint-Jean at a distance of
ten miles from Sainte-Marie, has a north and south direction,
and dips, nearly perpendicularly, parallel to the junction of the
gneiss with a mass of syenite by which it is separated from the
lodes of Sainte Marie.

The lode is chiefly composed of débris of the surrounding
rocks, in which the distribution of the ore is exceedingly variable.
Sometimes it occurs in strings or branches, which occasionally
unite to form a lode three feet in thickness, while at others it
constitutes a sort of stockwork, or is disseminated in the form of
patches or bunches. The ore chiefly consists of argentiferous
galena, which is occasionally associated with other minerals, such
as pyromorphite and pyrargyrite, native silver being also not un-
frequently present. The average yield of the galena for silver is
82 0z. 13 dwt. 8 gr. per ton; and the works, which were carried
on by means of an adit driven at the level of the natural
drainage of the country, were never extended much below the
adjoining valley. This vein is stated to have been at one period
extremely productive, and large quantities of native silver were
found in the upper levels. The production in the year 1756 is
said to have been 1,200 tonnes of lead and 46,939 oz. of silver.

This lode was discovered in 1315, and in 1581 it was worked
by the Duke of Lorraine with very profitable results; but the
wars which took place towards the end of the century caused
a suspension of the operations. In the year 1721 a lease of the
mine was granted to a company which, after working it inefficiently
during a period of eighteen years, again abandoned it. A new
company re-opened it in 1755, but although they obtained con-
siderable quantities of rich ore they were unable to repair the
damage resulting from the unskilful working of their predecessors,
In 1777 the ore was extracted without any proper regard to the
support of the ground, so that the workings finally became crushed,
and a company which commenced operations in 1785, and which
during many years worked with intelligence and assiduity, was
unable to put the mine into a satisfactory condition. The diffi-
culties were subsequently increased by the revolution of 1789,
and in the year 1808 the right to cut wood for fuel in the neigh-



PART IL.] FRANCE. 237

bouring forests, granted them by the Duke of Lorraine, was
rescinded by Napoleon I. The mine was ultimately abandoned in
1816. A concession for Lacroix-aux-Mines was again granted in
1822, but all operations ceased in 1833, and they have not since
been resumed.!

In the immediate vicinity of Sainte-Marie-aux-Mines the lead
veins are smaller, and traverse the gneiss in an east and west
direction. Two of these, namely, the Surlatte and the Espérance,
have been worked upon for a considerable distance, but the galena
contains only about one-half the proportion of silver which is
present in that from the Lacroix vein.

At Giromagny, on the southern flank of the Vosges, is another
group of metalliferous veins, which have from time to time been
worked to more or less extent. These veins, of which the course
is nearly north and south, are enclosed in porphyries and clay slates.

At Saint-Jean-d’Auxel there are three lodes which were for-
merly worked upon a somewhat extensive scale, some of the
excavations being still open in 1779. Metalliferous veins are
found almost always wherever porphyries and syenites are visible.
At Plancher-les-Mines, at Fresse, and at Ternuay in the Haute-
Sadne, there are quartz veins which, in addition to calcite and
fluor spar, contain pyrites, grey copper ore, and argentiferous
galena.

The metalliferous veins of the Vosges may be divided into two
classes. The first, running nearly north and south, comprehends
the principal lodes of argentiferous galena; while the second,
coursing nearly east and west, includes, in addition to lead veins,
a large number of quartz veins containing calcite, fluor spar,
fahlerz, argentiferous galena, argentite, arsenical cobalt, native
arsenic, and pyrites which is occasionally auriferous.

- At Sainte-Marie-aux-Mines the Phaunoux vein, which was
worked at the same time as the Surlatte and the Espérance lead
lodes, yielded argentiferous grey copper ore with arsenical cobalt
and native arsenic. The Phaunoux, Surlatte, and Espérance lodes
belong to the class of which the direction is nearly east and west.

The Selschaft, Saint-Martin, Sainte-Barbe, and Saint-Urbain
at Giromagny yielded argentiferous grey copper ore with sulphide
of silver and galena disseminated throughout the veinstone in such
a way as to require stamping. At Saint-Daniel, on the other
side of the Auxelle Mountain, the slimes resulting from the

1 H. Landrin, “ Dn Plomb, de son Ktat dans la Nature, de son Exploitation, de
sa Métallurgie et son Emploi dans les Arts,” Paris, 1857, p. 151.
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treatment of the ores contained copper, lead, and a considerable
amount of silver. The mountains separating Giromagny from
Plancher-les-Mines are traversed by numerous veins runuing in
almost every direction, all of which contain ores of lead, copper,
and silver.

In addition to veins yielding the metals above enumerated, the
Vosges contain extensive deposits of iron ore. The most important
of these is situated in the mountain of Framont, near the contact
of a central mass of porphyry with beds of schist and limestone,
which it has uplifted and displaced. In this locality red hematite
mixed with specular iron ore forms a contact vein of from fifteen
to thirty feet in thickness surrounding the central mass of porphyry.
The limestone, where it comes in contact with this ore, is either
converted into crystalline marble or transformed into granular
dolomite.

A large number of metalliferous deposits, in addition to those
above enumerated, occur in various parts of the Vosges, but they
are seldom of an extensive character, and with but few exceptions
they are unworked.

CENTRAL FRANCE.—The plateau of Central France, which
comprehends the mountains of Forez and Auvergne, as well as
those of the Cévennes and Lozére, contains numerous veins of
argentiferous galcna, some of which .are extensively worked and
have yielded large quantities of lead and silver.

At present the most important argentiferous lead mine in
Franceis Pontgibaud, which is situated at the foot of a range
of mountains four and a half miles north-west of Clermont, Puy-
de-Dome, and on the road from that town to Limoges. The
rocks traversed by the lead lodes in the vicinity of Pontgibaud
are principally granite, gneiss, and schists, often broken through
by dykes of porphyry, and frequently covered either by sheets of
basalt, beds of cinder, or by flows of lava, from neighbouring
extinct voleanoes. Two extensive lava-flows, issuing respectively
from the Puy-de-Louchadiére and the Puy-de-Doéme, unite near
the smelting-works at Pontgibaud, and flow together for a con-
siderable distance ; while the River Sioule, which is in the immediate
vicinity of the works, flows over a sheet of basalt, which on one of
its banks is seen to be directly covered by a flow of lava. These
volcanic phenomena, formerly so active, are now represented ouly by
occasional mineral springs, and by an abundant evolution of car-
bonic acid gas, which occasionally presents a not inconsiderable
obstacle to the working of some of the mines.
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The veins, of which there are several, have a general
direction of about N.E. and S.W., The veinstone of one only
of these lodes consists chiefly of quartz, that of all the others
being principally composed of a felspathic rock, differing but
slightly from the enclosing granite and gneiss.

Near the surface the veinstone, as well as the enclosing rock, is
usually more or less decomposed, but at greater depths they become
gradually harder and less altered. The lodes frequently contain
sulphate of barium, which is often well crystallized, but this
mineral is only plentiful near the surface, and almost entirely dies
out in depth. The quartz, which often accompanies the galena, is
on the contrary more abundant in the lower levels than nearer
the surface.

The felspathic quartzose rock, which coustitutes the most
abundant veinstone, usually contains less mica than the sur-
rounding granite ; but this is not invariably the case, particularly in
large expansions of the veins, where the ore often appears dis-
seminated in a somewhat decomposed granite. It is also to be
remarked that the sterile parts of the lodes are usually better defined,
and are more frequently separated from the country rock by clay
selvages, than are the more metalliferous portions of the same
vein.

The galena, which is always rich in silver, assumes various
forms: sometimes it is extremely fine-grained like steel, at others
it is lamellar, and less frequently it is found in the form of well
defined crystals. The ore seldom forms bands parallel to the
walls, but is usually disseminated through the veinstone either as
small branches or as detached grains; the country rock likewise
often contains branches and spots of galena.

The galena is often accompanied by a little blende or iron
pyrites, and, less frequently, by patches of fahlerz. The mineral is
chiefly found in shoots which, without having a large horizoutal
extension, hold downwards to considerable depths, while.the intervals
of unproductive ground are generally much longer than the courses
of lead ore. There are also cross-courses, composed almost entirely
of clay and seldom containing lead ores, which traverse and displace
the metalliferous lodes.!

Ancient workings, respecting the origin of which there are not
even any traditions, afford evidence of the mines of Pontgibaud
having been somewhat extensively wrought at a very early
date.

Rivot and Zeppenfeld, Annales des Mines, vol. xviii., 1850, p. 158.
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A memoir by M. Guenyveau, published in 1822, furnishes some
very interesting details relative to the history of early mining in
the neighbourhood of Pontgibaud.!

The most ancient documents relative to these mines are letters
patent granted 17th September, 1554, to the Seigneur de Lafayette,
by Henry IL, for working the mines of Combes, Roure, and
Barbecot. In 1739 the working of these mines was undertaken
by M. Dulude of Pontgibaud, and afterwards by the Chapades
Company. In 1781 the works were recommenced by MM.
Engelvin and Dulac, who formed an association called the
Compagnie du Lyonnais. The operations were carried on until
1792, when the works were abandoned in consequence of political
events which caused many members of the association to leave the
country. From this time the mines remained unworked until
1826, when they were re-opened by M. de Pontgibaud under the
direction of the celebrated M. Fournet, who was succeeded by
M. Loupot, who remained in charge of the works until the year
1844. In 1836 the mines were purchased by a Société en Com-
mandite bearing the title of Alphonse Pallu et Cie., who in 1852
transferred them to an English company, who entrusted the
technical management to Messrs. John Taylor and Sons of London.
Since that date the mines and smelting works have progressed
steadily and satisfactorily, and have in the aggregate yielded large
profits. Their present greatest depth (1883) is 110 fathoms, the
workings being confined to the mines of Roure, St. Denis, Mioche,
La Brousse, and Pranal.

The quantity of ore treated at the smelting works during the
financial year 1879-80 amounted to 3,097 tons, of which 2,806
came from the mines of Pontgibaud, while the remaining 291
tons were purchased ores.

These ores yielded :—silver, 174,012 oz., value £41,359 ; lead,
1,424 tons, value £21,469. The quantity of ore smelted and
desilverized during the year 1880-81 was 2,902 tons, of which
2,717 tons were the produce of the Company’s own mines, and
185 tons were purchased.

The production of the smelting works was :—silver, 158,340 oz,
value £39,952; lead, 1,044 tons, value £16,233.

The lead ores of Pontgibaud, although variable in this respect,
are always rich in silver, usually contain above one ounce of that
metal for each unit of lead present, so that 50 per cent ores will
contain above 50 oz. of silver per ton, and the lead flowing from

1 Annales des Mines, vol. vii. 1822, p. 161
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the smelting furnace will always yield considerably above 100 oz.
of silver per ton.

The mines of Vialas and Villefort are situated in the depart-
ment of Lozére, but the veins of the first-named locality only
are now worked. The granitic mass of Lozére is on all sides
surrounded by mica schists, which gradually pass into clay slates,
and constitute the true metalliferous rocks of the district. These
schists are in some places covered by more recent rocks, such as
the Coal-measures of Grand Combe and Bességes, and occasionally
by strata of Triassic, Liassic, and Oolitic age. All the veins which
have been explored in these schists have been found to continue
down into the granite, where they become contracted into mere
strings of from half an inch to an inch in width, and which
consequently do not admit of being advantageously worked. In
many cases lodes which, at the surface, appeared only as narrow
fissures containing little or no mineral, in depth produced con-
siderable quantities of argentiferous galena, while, on the other
hand, comparatively rich outcrops of lead ore have gradually
dwindled and finally disappeared.

The different groups of veins and fissures found in the neigh-
bourhood of Vialas are, in the following table, given in the order
of their respective ages, as indicated by their intersections; the
first-mentioned being the oldest.!

Group. Direction. Group. Direction.

J. Veins. . . E.11° N. True. 6. Veins. . . N. 26° E. True.
2. . E.8%°N. ,, 7. » ... E18N.
3. . . N.4I°E. ,, 8. ,, ... N.4°W,
4 .. W.20°N. ,, 9, Fisgures. . N. 18" W. ,,
5. . 8. &E s %.. 8. 8°E ,

In addition to the above, considerable displacements of the
country rock have taken place from east to west.

The veins of Group 1, which are not numerous but tolerably
wide and well defined, dip towards the south at an angle varying
from 75° to 80°

Lodes belonging to Group 2 are the most important of those
which occur in the vicinity of Vialas, comprehending as they do
all the more productive metalliferous deposits of the district.
They all dip to the south at angles varying from 60° to 80°, but
it would be difficult to state, even approximately, their average

1 Rivot, ** Sur les Filons de Galéne Argentifere de Vialas,” dnnales des Mines,

1. iv. 186 . 329.
" The reit?ve age of these fissures not being determined, it has not been thought

desirable to assign them a number.
R
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width. The barren portions of these lodes are usually very narrow,
while their richer parts are often without well-defined walls, as
the ore either extends into the enclosing schists, or the lode is
composed of a number of reticulated veins at varying distances
apart.

The veins constituting Group 3 are not numerous, and are
of but little importance excepting as regards their displaLing
other lodes; they dip towards the south at angles varying from
70° to 80°.

The veins of Group 4 are generally larger, and more distinctly

defined, than any of the others; they are seen in all the schistose
region surrounding the central mass of granite, and often appear
as quartzose outcrops, standing forty-five feet above the surface of
the ground, and may be followed for-long distances.
" -Veins belonging to Group 5 are very numerous, and some of
them have been well exposed in the various workings. They dip
at an angle of 85° towards the west, and have smooth and well-
defined walls. They vary in width from two to seven feet, and are
usually composed of a carious quartz, which is generally white, but
is sometimes stained brown by oxide of iron. These veins do not,
as a rule, contain any ore excepting at their intersection with others,
but in such situations deposits of galena rich in silver sometimes
occur.

The veins belonging to Group 6 are numerous. They dip
towards the south-east, and are composed of spongy ferruginous
quartz. They have usually well-defined walls, which are sometimes
separated from the veinstone by a selvage of plastic clay of a
dark colour.

Heavy spar forms the exclusive veinstone of Group 7, the veins
of which dip towards the south.

The veins of Group 8 dip towards the south, are chiefly
composed of comminuted schists, and are usually barren.

Group 9 is represented by a number of nearly vertical fissures,
without slickensides, which divide all the veins of the preced-
ing groups, and sometimes displace them for a distance of about
a yard. Some fissures coursing S. 33° E. contain no filling of any
kind, dip west at an angle of about 45°, and appear to be of no
particular importance.

The period at which the mines of Vialas were first worked
is somewhat uncertain, but that they were wrought at an early
date is evident from the fact that some of the more ancient
excavations bear evidence of having been made by the aid of fire.
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The more modern workings were commenced in 1781 upon some
productive outcrops which about that time were accidentally dis-
covered, and smelting works were established at Villefort for the
treatment of the argentiferous galena produced in the immediate
neighbourhood. In 1827 these mines were abandoned, and the
works were removed to Vialas.

The annual production of silver in this establishment has
generally varied between 22,500 and 32,150 oz, but in 1856 it
reached 48,225 oz. In 1861 and 1862 the yield was 61,278 oz.
and 62,049 oz. respectively.

During the latter year the production of work lead was 367
tonnes; and 1,930 kilogr. of silver were obtained from 370 tonnes
of lead. The work lead consequently contained 167 oz. of silver
per tonne. .

In 1880 the only mine besides Vialas working in the Department
of Lozére was Ispagnac, the yield of both during the year being
returned at 577 tonnes of prepared argentiferous lead ore, of the
estimated value of 177,667 francs or £7,106. )

Numerous metalliferous deposits occur in the valleys of the
Aveyron and Tarn, in the neighbourhood of Villefranche and Milhau.
These usually contain argentiferous galena, accompanied by calamine
and by various ores of copper. The mines of this district were
worked by the Romans, and in the tenth and sixteenth centuries
are said to have yielded considerable amounts of silver, resulting
in the establishment of mints for the coinage of that metal at
Rodez and at Villefranche. These mines are stated to have been
abandoned in consequence of the religious wars by which the
country was devastated from 1560 to 1597.

The ancient copper mines of Chessy, situated in the Department
of the Rhoue, ten miles north of Lyons, on the left bank of the
River Azergue, are famous for having furnished the magnificent
specimens of blue carbonate of copper, hence known as chessylite.
- Crystalline and metamorphic rocks here occur in immediate contact
with Bunter Sandstone, which is overlain, with a steep south-easterly
dip, by limestones of Liassic age. The more ancient rocks consist
of granite, gneiss, mica schist, and aphanite, known to the miners
as * hornstone,” which predominates in the immediate neighbour-
hood of the metalliferous deposits. The general mode of occurrence
of copper ores at Chessy will be understood on referring to
Figs. 58, 59, after drawings by M. Raby, formerly manager of
the mines.!

) Annales des Mines, vol, iv. 1833, p. 393.
R 2
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Four different kinds of copper ores were formerly obtained
from this locality, namely, yellow copper ore mixed with iron
pyrites containing from 15 to 20 per cent. of copper, known as

mine jaune; melaconite intimately mixed with iron pyrites;
yellow copper ore, silica, and various other substances, known as

mine grise or mine noire; cuprite, mine rouge, disseminated in
the form of lamin® and crystals through a red clay; azurite or
blue carbonate of copper, mine bleue, found either in veins or
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disseminated in irregular concretions, and when crystallized con-
taining about 70 per cent. of copper.

The mine jaune, consisting of mixed sulphides of iron and
copper, marked a Figs. 58, 59, was found only in the aphanite,
where it formed one large mass which, commencing a few yards
only below the surface, extended downward to a depth of 100
fathoms. This deposit was flattened in the direction of the
bedding of the Mesozoic rocks, towards which it dipped at an angle
of 66° with the horizon. Its greatest thickness, taken at a depth
of sixty feet from the surface, was about forty-six feet, and its total
length 100 fathoms. This mass of mineral was on all sides sur-
rounded by more or less decomposed aphanite, from which it
was not separated by any wall or selvage, the two materials being
intimately mixed, and the one becoming gradually replaced by
the other.

The mine grise, b, and mine noire, ¢, were found in the form
of separate rounded masses enclosed in a wedge-shaped bed of
greyish rock, which is interposed between the aphanite on the
one side, and the sandstone on the other. The largest of these ore
masses occurring in this rock, which has perhaps been produced
by the decomposition of aphanite, had a length of 36 feet, a
breadth of 9 feet, and a depth of 15 feet.

The mine rouge was found disseminated in a vertical bed of
plastic clay of a reddish colour, d, where it was sometimes associated
with a small quantity of native copper. This deposit commenced
at the same level, and ceased at the same depth as that of the
blue carbonates.

The carbonate of copper, mine bleue, represented in the woodcuts
by the lines of shading, e, was found only in the beds of sandstone
and in certain veins of clay with which they alternate. It usually
occurred either in the forms of geodes lined with crystals, or in that
of nearly solid masses having, in the majority of cases, a small
cavity in their centre, but less frequently it was concentrated
in veins parallel to the stratification of the sandstone. The
largest of these veins had a horizontal length of 300 feet, a
thickness of eighteen inches, and a depth upon its underlie of
about ninety feet.

With regard to the origin of these ores M. Raby remarks that
all the copper found at Chessy was, without doubt, originally
deposited in the state of mine jaune, and probably at the same
time as the more ancient rocks. Some of the masses of
this ore were subsequently converted by chemical action into
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mine grise or mine noire, while others were decomposed and by
the re-arrangement of their elements gave rise to the formation of
mine rouge and mine bleue.

In the neighbourhood of Sa.mt-Bel a vﬂla.ge six miles south-west
of Chessy, situated on the Brevenne, a small river flowing towards
the north-east, there were formerly copper mines somewhat similar
to those once worked in the last-named locality. The granite in
this district changes into gneiss, which soon disappears to give place
to mica schist accompanied by clay slates and aphanite. The latter
rock forms beds of very varying extent, some of which are, however,
as much as ninety feet in thickness, and alternate with beds of mica
schist or clay slate. '

These, of which the strike is from north-east to south-west, are
very nearly vertical, and associated with them is a parallel bed of a
friable unctuous white schist, in which the whole of the copper
occurred as thin veins of chalcopyrite following the direction of the
planes of stratification. This formation extends for a considerable
distance, but is, in many places, covered by rocks of more recent
origin. The principal deposits formerly worked in the neighbour-
hood of Saint-Bel were those of Chevinay, Pylon, Sourcieux, and
Gervais. Like those in the Chessy district, all these mines have

. long ceased to be wrought for copper. The only mining now being
carried on in the district is for iron pyrites to be employed in the
manufacture of sulphuric acid. The total production of this mineral
in France in the year 1880 amounted to 132,288 tonnes of the
aggregate value of £83,812; of this amount 93,000 tonnes were
obtained from Saint-Bel.

TrE PYRENEES.—The Pyrenees abound in deposits of iron ore,
which occurs both in the form of siderite and haematite ; they do
not, however, yield any large amount of the ores of the other
metals, although mining for lead and copper was formerly carried
on at various points.

The most important lead mines at present in operation
are those of Sentein, situated in the canton of Castillon, Ariége,
at an elevation of 6,888 feet above the sea level, and worked by
galleries driven on the course of the lode from the side of the
mountain!

The deposit is a contact lode, with Mountain Limestone as the
foot wall and schist as the hanging wall. The direction of the
mineral-bearing portion is N. 10° E, with a westerly inclination at an

! T am indebted to Mr. Ernest du B. Lukis, of St. Fiacre, for the information
relative to the Sentein Mines.
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angle of about 60°. The lode consists of quartz, calcite, capel, &c.,
and the upper portion carries a gossan next the hanging wall,
which contains rich deposits of carbonates, sulphates and sul-
phides of lead, together with blende and calamine.  The lower
portion is a strong lode of quartz, &c., containing galena mixed.with
blende. -
The district at the base of the mountains, reaching to an
elevation of from 3,280 to 3,936 feet above sea level, consists of
schist. This is covered by limestone varying from 164 feet to
several hundred feet in thickness, above which is an irregular layer
of schist. The ore-bearing lode, which occurs between the
schist and the limestone, may be traced for a great distance along
the ridge of the mountains following the horseshoe curves of the
strata. Above the schist is another limestone which, with quartz,
forms the peaks of the mountain. This quartz does not contain
gold, although the galena sometimes gives as much as 3 dwt. of
fine gold per ton.

The lowest strata of schist contain poor lodes of copper pyrites
and some carbonate of copper, with bands of ironstone. Hamatite
and deposits of blende are met with near the summit of the
range, but are not workable.

The galena, enriched by mechanical means to 78 per cent. of
metallic lead, gives 580 grammes of silver or about 184 oz. per
tonne. The carbonate of lead, at 72 per cent. of metallic lead, but
containing a little sulphide, yields 800 grammes of silver per tonne.
Very little silver is lost during the mechanical treatment of these
ores. The blende contains no silver.

The annual production of the mines varies very much, owing
to the inclemency of the weather at the altitude at which they are
situated. In 1882 there were sent to the dressing floors about
11,500 tonnes of crude ore, giving about 850 tonnes of marketable
lead ore and about 1,100 tonnes of marketable blende.

About ten miles from Aulus, Ariége, may be observed remains
of some ancient excavations, together with outcrops of metalliferous
deposits containing iron pyrites with traces of argentiferous galena
and blende, but consisting principally of calcite and fluor spar.
This mine, which is known as the Argentitre, has been repeatedly
worked at various periods, but has now been abandoned for
many years. Among the ancient mines sometimes spoken of in
this part of France are those of Baigorry, Basses-Pyrénées, which
formerly yielded a small quantity of copper.

The most important iron deposits are probably those of Rancié,
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near Vicdessos, which some years since kept no less than fifty
Catalan forges constantly supplied with suitable ore, and are known
to have been worked during a period of more than six hundred
years. The enclosing rocks are white granular limestone, a less
crystalline grey calcareous rock, and argillaceous schists of Jurassic
age. The iron deposits of Rancié occur in nearly vertical beds, one
of which is so permeated by brown and red hamatite, spathose iron
ore, and occasionally with oxide of manganese, that ore frequently
becomes the prevailing material. The limestones are often much
coloured by oxide of iron, and are traversed by numerous veins of
pure hxmatite containing druses lined with concentric layers of
brown and red oxide of iron. This bed, which bas an average
thickness of about sixty-five feet, can be traced from the bottom of
the mountain to its summit, a height of 1,970 feet, while its
inferior limit has never yet been reached. The parallelism of this
formation with the surrounding strata caused them for a long time
to be regarded as being of contemporary origin, but M. Dufrénoy,
who some years since examined this'deposit, inclined to the opinion
that the deposition of iron ores took place subsequently to that of
the enclosing strata.

The Canigou deposit exhibits the mode of occurrence of
spathose iron ores upon a still larger scale. A mass of granite has
here pierced the surrounding stratified rocks, and along an
ellipsoidal zone, having a maximum diameter of about ten miles,
where the two different rocks come in contact with one another
are numerous deposits of carbonate and oxide of iron. In this way
the mines of Batére, Rocas-Negros, Droguére, Olette, Fillols,
Vellestavia, Saint-Martin, &c., are arranged around the central
mass of granite. Numerous deposits of iron ores and of other
metalliferous minerals occur in the Pyrenees, but they are generally
of limited dimensions and are, for the most part, unworked.

THE ALPs.—Numerous deposits of iron ore are worked in the
French Alps, but mining for the ores of other metals is not carried
on upon a large scale,

The small but well-cultivated plain which lies below Bourg
D’Oisans, Isére, is traversed from south-east to north-west by
the River Romanche, and from east to west by the Olie, one of
its tributaries. Immediately north of the confluence of these two
streams the mountains of Chalanches, a spur of the Alpine chain,
rise to a height of 6,700 feet above the plain, or about 9,000 feet
above the level of the sea. The upper portion of this range is
composed of a'gneiss in which felspar and hornblende are always
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abundant, although quartz and calcite are sometimes also plentiful ;
while epidote, chlorite, talc and mica are by no means uncommon.
This rock, although occasionally fine-grained, more frequently
exhibits a coarse porphyritic structure, but in the vicinity of veins
the felspar and hornblende, which are elsewhere present in a
crystalline form, often graduate imperceptibly into the surrounding
ground-mass. The beds present considerable undulations, but their
general strike is nearly north and south with a dip towards the
west. Near Allemont, on the east, the gneiss is overlain by
hornblendic schists. :

The discovery in the year 1767 of native silver in this locality
by a goatherd whilst in search of a strayed kid, resulted in mining
operations which ultimately extended from a height of 4,100 feet
to 4,970 feet above the level of the plain, and necessitated the
erection of store-houses and dwellings upon the mountain side.

Among the principal lodes which have been, at various times,
worked at Chalanches are the following :—?

The Freiddan bearing 25° S, of E., N. of W., and dipping S. W,
] N.E

,» Cobalt . 30° W, of N,, E. of 8. " .E.
s Siméon ' 85° 23 o{ g., % of 8. " N.W.
. 20° W, of N., E. of S. » E.
» Prince 4900 Nlof E. 8. of W, . N.
,» Hercule ,, 20° W. of N., E. of S. » E.
. 4 Pirou - 25° E. of N., W, of S. . S.E.and N.W.
» Ste. Hélene ,, 20° W, of N., E. of 8. w.

Although these lodes generally measure but a few inches, and
average less than a foot in width, they sometimes, for short
distances, assume a thickness of as much as 2} feet. The veinstone
very closely resembles the enclosing rock, consisting of the same
materials although in different proportions; but containing, in
addition, some other minerals. Quartz and calcite are always
present, hornblende is perhaps somewhat less plentiful, while
chlorite, talc, mica, asbestos and epidote are found enly occasionally,
and in comparatively small quantities.

Calcite, chlorite, asbestos and epidote are often associated with
silver ores, but earthy brown iron ore more frequently accompanies
the richer metalliferous deposits. The produce of these veins prin-
cipally consists of native silver, antimonial silver, freieslebenite,
stephanite, pyrargyrite, and occasionally a little horn silver. These
minerals are often accompanied by ores of cobalt or nickel, or by
both, and various ores of antimony, lead, and copper, are likewise
thinly disseminated through the veinstone. The Brisée Vein is a

1 W. J. Henwood, Trans. Geo. Soc. Cornwall, vol. viii. part i. 1871, p. 520,
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cross-course which differs less in direction from some of the lodes
than, in this respect, they differ from one another. It dips at a
higher angle than any of the veins in its vicinity, and is wider than
the widest lode in the district. It consists wholly of gneiss, and in-
tersects the Hercule Lode, displacing it about twelve fathoms
towards the right.

In the hornblendic schists which succeed the gneiss near Allemont
on the south- east, an unsuccessful trial was made on a vein bearing

35° N. and dipping towards the west. This measures about
eighteen inches in width, and is composed of disintegrated slate
and quartz, which is spotted with black oxide of manganese
and specular iron ore.

These mines were worked at so great an elevation and at such
a distance from every habitation that, even in summer time, the
workmen seldom visited their families except on .Sundays, and
during many of the winter months all communication with their
nearest neighbours was entirely cut off by frozen snow-drifts many
miles in extent. In spring the steep and ill-made roads were
always found to have been rendered almost impassable by ava-
lanches and the general thaw, so that it was necessary to collect at
the mines during the summer all materials, tools, food, fuel, and
other requisites, for the winter. With the view of reducing toa
minimum the cost of carriage, every tool and utensil was shaped
upon the plain below, which materially added to the ordinary
expenses of working.

The mines of Chalanches have been wrought at various periods,
and the ores raised were smelted at Allemont. From 1767 to 1776
they were worked on account of the Government; from 1776 to
1792 by the Comte de Provence, afterwards Louis XVIII, and
from 1792 to 1808 again on account of the Government. All sub-
sequent workings which have been undertaken by various lessees
have, without exception, resulted unsatisfactorily.

From 1767 to 1803 the quantity of silver extracted amounted to
25,326 1bs. troy, of the value of £83,039, while the general ex-
penditure was £75,636. The net profit realised in thirty-six years
was therefore £8,303, equivalent to an average profit of about
£230 12s. 9d. per annum.

The mine of Cerésier, Alpes-Maritimes, worked by the Société
des Mines du Var, at the present time produces a larger amount of
copper ore than any other in France. In the year 1880 the pro-
duction amounted to 8,000 tonnes of an ore containing about four
per cent. of copper in the form of chalcocite. Of this amount,



e

PART 1L.] BELGIUM. ‘/.251

5,000 tonnes were concentrated as a preliminary to being tré ud
by a process for the extraction of copper by lixiviation.
Excepting the ores of iron, the amount of which has been already

stated (p. 233), the production of metalliferous mmerals during the-

year 1880 was as follows :—

ProDUCTION IN FRANCE OF METALLIFEROUS MINERALS OTHER THAN IRON OREs
. DURING THE YEAR 1880.

Description of Ore. Weight. Value. |
Tonnes. Francs. £ .
Lead and silverore . . . 13,990 3,229,380 129,175 l
Copperore . . . . . . . 8,649 149,438 5,977 |
Zincore . . . . . ... 12,139 885,422 15,417 |
.Mangapese ore . . . . . 9,652 532,718 21,309 |
Antimonyore. . . . . . : 1,214 243,440 9,737 |
Iron Pyrites . . . . . . 132,288 2,095,296 83,812 l
i

Totals . . . . . 177,932 6,685,694 265,427

BELGIUM.

Taking into account its limited area, Belgium is, in respect to
1ts mineral wealth, one of the most productive countries of the
world. Coal, iron, lead, and zinc ores constitute its chief mineral
resources, but, in addition to these, it furnishes numerous valuable
mineral substances employed either as building material, for
agricultural purposes, or in the arts and manufactures.

IrON.—The iron ores worked in Belgium are heematite, limonite,
and clay ironstone. The latter is sometimes associated with limonite,
but also occurs in independent deposits, which are, however,
usually too small to admit of being worked with advantage.

Hsmatite occurs in various conditions and on very different
geological horizons, but that which is almost exclusively employed
is in the form of oolitic or pisolitic grains. In this state it forms
important deposits in quartzose schists which underlie the Coal-
measures, and crop out on both sides of the valley containing the
coal. The principal iron mines are situated on the north side of the
valley where, in the neighbourhood of Vedrin, there are four distinct
seams of ore, respectively 23 inches, 4 inches, 8 inches, and 11}

- ——
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inches in thickness, forming with the intercalated schists a bed
nearly four feet thick.

At Marchovelette there are five strata of iron ore varying in
thickness from 4 to 8 inches; while at Ville-en-Waret there are
four beds, two of which vary from 8 to 20 inches in thickness,
which with the interstratified schists form a group of about twenty-
four feet. At Houssois, near Vezin, the he®matite attains a
thickness of about seven feet. The beds of heematite are, at various
points, intersected by veins and faults, in the vicinity of which both
the ore, as well as the enclosing schists, are not unfrequently
impregnated with pyrites, galena, and other metallic sulphides, by
which the quality of the former is more or less impaired. The
workings along the outcrop on the south side of the valley, are
much less important than those on the north. The principal mines
are near Huy, where there are two layers of hamatite having a
united thickness of little less than four feet, separated by about one
foot of shale. The average yield of these h@matites is from 35 to
40 per cent of metal.

Limonite occurs in various forms, and in deposms of very dif-
ferent geological age. In the more recent formations it is found in
beds, sometimes above three feet in thickness, reposing in depressions
in argillaceous sands mainly situated along the banks of the rivers
Demer, the two Nethes, and their afluents. The ore from these
deposits, which are concretionary and porous, contain about 40
per cent. of iron, with a considerable amount of phosphorus, but
they are easily reduced. A siliceous limonite, containing phosphorus,
is worked in a Quaternary formation near Quévy, in the province of
Hainault. This ore, associated with an argillaceous sand, forms a
bed from 3 to 5 feet in thickness, enclosed in a depression in
Tertiary sandstone.

The isolated and superficial deposits of iron ore which occur in
the province of Luxembourg, and notably at Ruette, Athus,
Teenich, &c., likewise belong to the Quaternary age, and repose upon
Jurassic rocks. These ores have apparently resulted from the dis-
integration of Jurassic rocks during the Quaternary period, and
contain from 30 to 45 per cent. of iron.

The Jurassic formation constituting the surface of the southern
portion of the Belgian province of Luxembourg, as well as the
Grand Duchy of that name and the northern part of Lorraine, is
exceedingly rich in iron ore, and furnishes important supplies to
the Belgian ironworks. The ore from these localities is known by
the name of minelte, and is a fine-grained oolitic limonite which
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occurs in extensive deposits in Luxembourg and Lorraine, but less
plentifully in Belgium. Near the French frontier the beds of this
ore are from 3 to 6 feet in thickness, and the ore contains from
30 to 45 per cent. of iron. The gangue consists principally of calcite,
with a little silica and gypsum.

The rocks comprised between the lower quartzose schists and
the coal formation, enclose many important deposits of limonite
which, up to the present time, have furnished the larger portion of
the ore consumed in the Belgian ironworks. These deposits are
often very extensive, and the ore always occurs either in masses or
veins, but never in the form of beds. The largest production of
iron ores in Belgium was in 1865, when it amounted to 1,018,231
tonnes. In 1875 it was only 365,044 tonnes, and in 1881 it was
further reduced to 224,828 tonnes.

LEAD AND ZiNc.—Lead ores occur in Belgium in the older
formations only, where they are found in veins and masses, either
alone or associated with blende and pyrites. The veinstone usually
consists of calcite, heavy spar and quartz, together with clay and
limonite ; in massive deposits the gangue is generally a dark
clay. QGalena, which is found in numerous places, many of which
are not of sufficient importance to pay the expenses of working,
is frequently accompanied by other ores of lead, such as cerussite
and pyromorphite; it is also often associated with blende and
calamine.

The most productive lead mine of Belgium is that of
Bleyberg, near Moresnet, which is worked upon the only vein
in the country, which, after having traversed the Carboniferous
Limestone, penetrates the Coal-measures. Considerable masses
of lead ore are found along the line of contact of these two
formations, but they are worked with difficulty on account of the
very large influx of water.

The most important zinc ore of Belgium is zinc carbonate,
commonly known as calamine. The hydrous silicate, is of
less frequent occurrence, as is likewise the anhydrous
silicate of zine, or willemite. Blende is almost constantly found
in association with the other ores of zinc, but, as its metal-
lurgical treatment is more expensive, its value is proportionately
less. The ores of zinc, like those of lead, are found in the older
formations only, and usually occur either in Carboniferous Lime-
stone, or in rocks of Devonian age, where they form lodes and
irregular deposits, associated with galena and iron pyrites. These
massive deposits are sometimes several hundred yards across, and
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the ores in them have usually a gangue of clay, sometimes, how-
ever, replaced by limonite, which is occasionally worked as an
ore of iron.!

The Bleyberg lead vein 2 is enclosed in the Carboniferous Lime-
stone, and in the Coal-measures overlying it. The general direc-
tion of the lode is north-west and south-east, forming with the true
north an angle of 57°, and with the stratification one of about 115°.
It can be recognised for a distance of 3 miles in the Coal-measures,
and above 1} mile in the limestone. This vein is either vertical,
or dips at an angle of from 75° to 80° with the horizon, sometimes
to the east and sometimes to the west. No fault or eross-course
is known to exist, but it is believed that a change of direction
towards the north may have been caused either by a heave or by
a bifurcation of the vein.

The filling of the lode, when enclosed in the Coal-measures, is,
to a large extent, made up of the débris of schists, sandstones, and
grits, which, having fallen into the fissure, have partially filled it.
When the vein traverses rocks liable to crumble or disintegrate,
these fragments are invariably most abundant; but, when the
country rock is hard and compact, they are less numerous and leave
larger spaces to become filled in another way.

During the time this partial filling of the opening with country
rock was actually taking place, or some time subsequently, the
fissure and its contents have been subjected to the action of waters
containing, in solution, various metalliferous substances, and these
have been deposited in the cavities existing between the fragments
of the material already partially filling the vein cavity. In this
way the filling of the fissure has been partly mechanical, occasioned
by the falling in of the sides, and partly chemical, produced by the
deposition of minerals from waters holding them in solution. No
eruptive rocks have been met with in the district under consider-
ation. The veinstone frequently exhibits a concretionary structure,
and where the rocks are hard, and the spaces between the frag-
ments necessarily large, the metalliferous minerals are deposited in
ribbon-like bands. These deposits of mineral are composed of
alternate layers of blende and galena, the two being but seldom
mixed. Alternate layers of this kind have been frequently repeated,

1 Much information relative to the mineral resources of Belgium has been
derived from Mr. J. D. Hague's report on ‘‘ Mining Industries in Connection with
the Paris Exhibition, 1878,” Washington, 1880.

2 See pamphlet published by the Bleyberg es-Montzen Company during the
Exhibition of 1878, “ Extrait du Catalogue de I'Exposition de I'Industrie minérale

belge.”
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the blende having evidently been the first mineral deposited. The
galena carries small quantities of copper, antimony, and silver, with
traces of other metals.

Ribboned deposits of blende and galena have been unable
to form in those parts of the vein where the whole of the
fissure had been already filled with pieces of the country rock, but,
in the majority of cases, these fragments have left between them
spaces of greater or less dimensions. In such places the blende
and galena have taken the exact shape of the cavities left, and
have surrounded the fragments of country rock, so as not only
to preserve their form but also their sharpness of outline.
For considerable distances on the length of the fissure the
filling of schist has been so completely disintegrated that it has
become filled with unctuous clay, which, being almost completely
impermeable by water, has caused certain portions to be almost
completely barren. In these portions of the lode blende and
galena are sparingly disseminated in the form of minute grains
with a few occasional geodes, and with, occasionally a few crystals
of various minerals, in strings and cracks. At Bleyberg the
influence of the country rock appears to be limited to the effect
produced by the amount of material falling into the fissure, and
the space consequently left open for the circulation of mineral
waters, and for the deposit of ores.

The waters have not introduced into the Bleyberg Lode a
sufficient amount of metalliferous material to fill all the cavities
remaining open, and these have subsequently been closed by
deposits of calcite and silica, removed from the surrounding lime-
stones and schists by the agency of waters impregnated with car-
bonic acid. Ferruginous minerals have been introduced into the
lode in a similar way, and iron pyrites is not unfrequently met
with in a compact or cavernous form, in that of stalactites, or as
thin strata in geodes, often lined with crystals of blende, galena,
or calcite.

In studying the genesis of this lode another phenomenon must
not be lost sight of, and that is, that during the progress of the
deposition of these minerals, or perhaps afterwards, the vein fissure
was several times re-opened. These re-openings of the vein have
imparted to the mass movements which not only led to a partial
re-arrangement of its contents, but likewise resulted in certain
physical effects. In this way there has been a sinking of one or
other of the walls of the lode, or a depression or elevation of its
filling, giving rise to slickensides and vertical striations of the
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surfaces. In this way also the regularly foliated deposits of ore
have become displaced, turned over, and mixed with those of an
irregular and fragmentary nature. Finally, at one period of its
formation, the vein fissure, while opening at one side, was gradually
closing on the other, which at such points resulted in the crushing
of its filling and its reduction to the state of angular fragments.
When the re-opening of a vein fissure occurs during the percola-
tion or passage through it of mineral waters, deposits will take
place upon the surfaces of the fragments resulting from crusbing,
and it is not uncommon to find in the Bleyberg Vein a deposit of
perfect crystals upon broken crystals of the same or of some other
mineral. The metalliferous portion of the lode, together with the
various associated minerals constituting its filling, has an average
width of nearly three feet ; but the enclosing Coal-measures exhibit
the effects of the disturbing influences of the rent for a width of
above thirty-six feet, within which limits the country rock is
crushed, and, to some extent, displaced.

The deposits of substances introduced by the mineral waters
before referred to, sometimes occupy one side of this broken ground,
and sometimes the other; but their passage can always be traced
by the metalliferous, calcareous, or siliceous materials which fill its
fissures. On either side of this disturbed zone the rock remains
entirely unchanged, and is without any trace of extraneous minerals,
even along its planes of stratification,

In the Carboniferous Limestone the filling of country rocks
resulting from the disintegration of the walls, no longer consists
of schists, sandstones, and grit, but is almost entirely composed of
limestone with some blende and galena. The ores here found are
precisely identical in composition with those occurring in the Coal-
measures ; they crystallize in the same dominant forms,and contain
similar proportions of copper, antimony, and silver. In the upper
part of the limestone there are found, without any recognised order,
carbonates of lead, zinc, and copper, which usually enclose kernels
composed of the sulphides of the same metals.

The phenomena of the re-openings of the fissure, of the mixing
of its filling, and of the crushing by its walls of the veinstone, are
seen even more distinctly in the upper portions of the limestone
than they are in the Coal-measures. At this point the limestone
above the fracture has been eroded into an opening above 1,600
feet in length, 180 in width, and from 180 to 250 in depth.

On the walls of this cavernous space, and on the surfaces of a
material resembling geyserite, large quantities of blende and galens
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were at some time deposited, but by subsequent violent shocks they
have become detached and mixed with various other bodies, includ-
ing fragments of some of the older rocks. Nothing can be more
instructive or interesting than these accumulations,in which,although
all the minerals and gangues occur in the form of fragments, each
individual piece, either by its banded structure or by the arrange-
ment of its crystals, bears distinct evidence of once having formed
part of a regular deposit. On the eastern wall of the cavern
deposits of blende, galena, calcite, &c., are sometimes found i sitw,
and still adhering to the rock, just as they were left by the waters
through the agency of which they were deposited.

A large mass, principally of galena, also occurs at the junction
of the Coal-measures with the Carboniferous Limestone, at which
point it would appear there was formerly a lake-like depression
supplied with plumbiferous waters. In this way was probably
produced a large deposit of lead ore, in all respects identical in
composition with that obtained from the lode, although forming a
solid mass and entirely without any admixture of fragmentary
country rock. This mass, which rests upon a somewhat extensive
base of the Coal-measure formation, has never been disturbed as
in the case of the lode, in which the crushing and mixing of the
ores has resulted from the repeated re-opening of the fissure and
the consequent movements of its walls. This deposit comes to
within twenty yards of the present surface, and is covered by
detrital matter from the Coal-measures, and by various shales and
rocks of Tertiary age, all stratified horizontally, but unconformably,
with the Coal-measures and sandstones.

The amount of water percolating into the Bleyberg mines is
unusually large, generally amounting to 7,260 gallons per minute,
but, exceptionally reaching 12,000 gallons per minute, which is
pumped from a depth of 597 feet. From the date of the forma-
tion of the present Company, 1853, up to May 1878, this mine had
produced 86,850 tonnes of zinc ores and 86,876 tonnes of lead ores,
during which time it had repaid its capital four times over.

The important deposit of calamine at Altenberg or Kelmis-
berg belongs to the Vieille-Montagne Company, and is situated near
Aix-la-Chapelle, in the immediate vicinity of thevillage of Moresnet.
It occurs in the lower strata of the Carboniferous Limestone, which
are, for the most part, converted into dolomite, and fills a basin-like
depression, of which the longer axis has a length of 600 yards, while
its width varies from 200 to 260 yards. This basin of zinc ore and

dolomite is, on one side, raised towards the surface and, on the other,
S



258 ORE DEPOSITS. [PaBr 11

dips beneath it, being itself enclosed in soft Devonian schists
which come to the surface on both sides. A bed of quartzose
dolomite, which carrieslarge quantities of water, separates the two
rocks, and in all directions bounds the deposit with great regularity.
The ore, which towards the surface is principally composed of very
pure calamine with scarcely any admixture of blende or galena, has
nearly filled the tilted basin before referred to,and crops out at the
surface for a considerable distance.

At Kelmisberg the zinc ore being entirely surrounded by dolomite,
nowhere comes into contact with other rocks, and can scarcely be
regarded otherwise than as resulting from the gradual transforma-
tion of the enclosing dolomite into zinc ore by an exchange of
bases effected through the agency of metalliferous waters. This
remarkable deposit of ore was most extensively developed near the
surface, where it reached a length of 490 yards and a width of
180 yards.

The most productive and most highly concentrated portion of
the deposit is situated at the northern extremity of the basin, and
is separated from the southern body of ore by a projecting point of
dolomite. Towards the south-west the deposit is continuous, but
is hidden under a capping of dolomite beneath which it has
been followed to a depth of 120 yards. While, at the surface, the
ore consisted chiefly of carbonate of zinc, it, lower down, became
mixed with hydrated silicate of zinc, which gradually increased in
quantity until it eventually formed the larger portion of the ore.
Anhydrous silicate of zinc, willemite, has always been found in
large masses scattered without any apparent rule throughout the
other ores.

The first shafts are said to have been sunk during the fifteenth
century for the purpose of supplying calamine to the foundries of
Aix-la-Chapelle, the proprietors of which, without any knowledge
of the metal it contained, employed it in the manufacture of brass.
The largest yield was in 1855, when it reached 137,000 tonnes of
ore as it came from the mine, or 50,900 tonnes of concentrated ore.
Since the year 1856, the workings have been carried on under
ground, and it is known that up to 1878 about a million and half
tonnes of first class ore had been extracted from these deposits-
The almost chemically pure zinc, which is employed for making
blanc de neige and for art-castings, is exclusively made at the
Moresnet works.

The bed of zinc ore at Welkenridt? occurs between coal-

1 M, Braun, Zeitschr. d. d. geol. Gesellich., vol. ix. 1857, p. 354.
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shale and Carboniferous Limestone, extending for a distance of
more than 120 fathoms along the strike. It dips, like the
adjacent beds, at a very high angle, and, with them, has under-
gone the same folding and faulting. The foot wall, which is in
contact with the limestone, consists of either compact, drusy,
foliated, shaly, or earthy hydrous silicate of zinc, which, in
the higher levels, becomes ferruginous and passes into ironstone,
or into a shaly mass with enclosures of limonite. The hanging
wall, in contact with the shale, consists of a black clay, which
contains nodules and fragments of various metallic sulphides, such
as concentric blende, galena, and pyrites. This sulphide-bearing

F10. 60.—Deposit of silicate of zinc; Welkenridt.

zone which is of much greater extent than that producing zinc ores, is
known as the foot wall of the Coal-measures, and is justly regarded
as an interstratified deposit. In Fig. 60, after Braun, which
represents this deposit, @ is limestone, b shale, ¢ clay containing
ironstone, d shale with galena, &c., and ¢ hydrated silicate of zinc.

The production of metalliferous minerals in Belgium has for
some years been gradually decreasing, although their importation
into that country for metallurgical treatment is very large. This
decrease of yield appears to affect almost equally all the ores
produced, and it may consequently be of interest to reprint the
following table from an official source.!

1 Royaume de Belgique, Ministére des Travaux Publics, Compte Rendu des
Opérations Pendant U Année, 1881, Mines, p. 5, Bruxelles, 1882,
s 2
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TABLE SHOWINu THE PRODUCTION OF METALLIFEROUS MINERALS IN BELGIUM
pURING TEN YEARS FRoOM 1871.

With the exception of small quantities obtained from surface
deposits in the provinces of Limbourg and Antwerp, the iron ores
returned for the year 1881 were the produce of Litge, Namur, and
Luxembourg.

THE GERMAN EMPIRE.

Germany is undoubtedly the classic land of mining, since it
not only comprehends extensive areas of exceptional metalliferous
importance, but it was here that the kindred arts of mining and
metallurgy were first systematically taught and practised; while
at the present time the various mining academies of the German
Empire are the resort of students from all parts of the civilized
world. The German miner of the middle ages, like his Cornish
representative of to-day, was an active pioneer and persevering
colonist. In the twelfth century he founded Schemnitz and
Kremnitz in Hungary, and three centuries later Schmollnitz and
Kapnik were opened up by miners of the same nationality.

About the middle of the sixteenth century numerous German
miners and smelters were induced to settle in Great Britain, Queen
Elizabeth, according to Sir John Pettus, having been advised to
take this step “from Her ohservation of the inartificialness of
former Ages in this concern, which may be collected from Her
sending for and imploying so many Germans and other Foreiners
(where Mines were plentiful and the A7¢s belonging to them), who

R »
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might put us into the tract of managing ours, in finding and
digging them, and in smelting and refining Metals.”

RHINE PROVINCES, WESTPHALIA, &C.—The ore deposits of
this area are exceedingly numerous, and consequently some of the
more important only can be noticed.

The oldest account of the occurrence of gold veins in the
Eisenberg, near Corbach, is given by Agricola, and it is stated by
Briickmann that gold was obtained from this source in the year
1560. Much more recently W. v. Eschwege obtained gold in the
form of minute scales from the alluvium of the Edder, but in
suich small quantities as to render its extraction unprofitable,
and moreover he in no case found a fragment of gold adhering to
its matrix.

Dieffenbach? describes the Eisenberg, near Goldhausen, as being
formed of quartzose and clay slates, the former being thinly
stratified, much folded, fissured, and contorted. Copper ores,
particularly malachite, azurite, chrysocolla and cuprite, occur in
these fissures ; and the siliceous slate in the vicinity of such ores
is soft, much decomposed, and impregnated with calcite. The
surfaces of the clefts in this rock are also often covered by
incrustations of calcite, dolomite, or spathic iron ore, which are
sometimes crystallized. In other cases the cavities in the slate are
filled with melaconite, which is sometimes moderately abundant.
The siliceous slate in the vicinity of the melaconite and other
copper ores, has a cellular texture, and there can be little doubt
that this and the other minerals containing copper are the result
of the decomposition of pyrites. The gold occurs in the clefts of
the quartzose slate, partly incrusting small rhombohedra of spathic
iron, which have consequently the appearance of gold crystals, and
partly as thin dendritic incrustations upon the surfaces of the
clefts. The gold, which is evidently a more recent formation than
the crystals referred to, is sometimes covered by small rhombohedra
of calcite with rounded edges. The incrustation of gold is at
times so extremely thin as to impart a dull brownish colour only
to the crystals, and the entire rock, more especially the red clay
filling the joints, was found to contain gold. The mode of

occurrence of this gold would appear to show that the carbonates
of copper and other ores of that metal found in the joints of the
slates, are of secondary origin, and that they were derived
originally from auriferous pyrites containing copper. Dieffenbach

1 “ Fodine Regales,” chap. xxiii.
¥ Leonhard’s Jahrb, 1854, p. 824.
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was unable to find any trace of a vein in the siliceous slates,
and he was likewise not able to determine whether, at some former
period, they were covered by the copper shales which are to be
found in sitw on the flanks of the mountain, and which surround
the mines at Goddelsheim.

Alluvial gold, resulting from the disintegration of quartz veins
in that district, has been found in the sands of the Goldbach, a
tributary of the Moselle, but not in sufficient quantity to repay
the cost of extraction.!

Numerous veins containing argentiferous galena occur in
Devonian rocks in the vicinity of Olpe and Siegen, although but
few of them have been more than moderately productive. The
most extensive lead mines which have been worked in this district
are those of Wildberg and Hideberg, situated upon the same group
of east and west lodes. The country rock consists of alternations
of schists and slates, with a highly siliceous grauwacke, and the
veinstone, which is often to a large extent composed of spathic
iron ore, frequently contains, in addition to galena, copper pyrites
and blende. The Hideberg Mine is still in operation, but that of
Wildberg, which has been worked more or less intermittently from
about the fifteenth century, was closed about ten years since.
There are likewise lead mines in the neighbourhood of Wiehl,
Riinderoth, and Siegburg, besides which, considerable quantities of
lead ore and blende have been obtained from mines near Bensberg,
nine miles east of Cologne.

The group of lodes extending from Holzappel® on the
Lahn, to Wellmich and Werlau, on the Rhine, traverse grau-
wacke and clay slates of Devonian age, and have usually an
EN.E. and W.S.W. direction, with a general dip towards the
S.E., but sometimes towards the N.W. *Talcose clay slates”
occasionally form a constituent of this formation and are of
frequent occurrence in the immediate vicinity of lodes. These
rocks, named by the miners Weisses Gebirge, white rock, contain
numerous beds and veins of quartz, the latter of which often
cross the strata nearly at right angles, and are themselves always
intersected by lodes.

The Devonian grauwacke rocks enclose deposits of argentiferous
lead ores, as well as ores of copper, zinc, and iron. The iron
ore forms regular beds between strata of the schistose rocks,

! Noggerath, “ Rheinland-Westphalien,” vol. i., 1822, p. 141,
3 Bauer, Karsten's Arch., 1841, vol. xv. ‘p%i137-209. Noggerath “ Rheinland-

Westphalien,” vol. iii. p. 216. B. v. Cotta, e Lehre von den Erzlagerstatten.
2nd edit. Freiberg, 1859, vol. ii. p. 143.
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superficial deposits ot comparatively recent age, or, in the form of
spathic iron, is an important constituent of the filling of lodes
containing ores of lead, copper, and zinc. The lodes forming the
most eastern portion of the group at Holzappel, consist of three
distinct leaders, which probably come together in depth; but,
like all the other veins belonging to this group, they almost
coincide in strike and dip with the bedding of the country rock,
and have consequently been sometimes mistaken for metalliferous
beds. These lodes have been faulted by two distinct fissures,
and have consequently been divided into three portions, of which
the most easterly is represented by one only of the three leaders.
The veinstone consists principally of quartz, which sometimes
assumes the form of hornstone, with argentiferous galena and
blende. Associated with these minerals are tetrahedrite, copper
pyrites, spathic iron ore, heavy spar, calcite, and dolomite, which
exhibit no regular order of sequence. These ores occur partly as
alternating ribbons, but more frequently they are irregularly
distributed through the veinstone, which often at the same time
encloses fragments of the country rock. Iron pyrites occurs more
commonly in clefts in the country rock than in the lodes them-
selves, which, near the surface, contain numerous products of
decomposition, such as cerussite, pyromorphite, cerasine, and
anglesite. Blende is represented by smithsonite and goslarite ;
tetrahedrite by malachite and azurite, and spathic iron ore and iron
pyrites by limonite, and by various ochreous iron ores. The ore,
although not uniformly distributed throughout the lodes, is con-
centrated in shoots, bunches, or zones, which incline obliquely to
the plane of the lodes, at angles varying from 14° to 20°. These
are not only nearly parallel to one another, but also to the line
which the stratification of the country rock forms with the planes
of the lodes. The lodes are usually separated from the enclosing
rock by selvages, and sometimes by friction-surfaces, which are
generally grooved parallel to the dip of the shoots of ore. There
are no geodes in the veinstone, which is, however, traversed by
numerous fissures, which do not extend into the country rock
beyond. These are often more or less open, and are lined with
crystals which are usually of the same mineral as that on which
they are deposited. In this way crystals of quartz are generally
deposited upon a quartzose matrix, while crystals of galena are
found upon masses of the same mineral. With regard to the
influence exercised by the wall rock upon the contents of the veins,
there is, at Holzappel, nothing to show that between certain rocks
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the veins are always rich, and that, when enclosed in others, they
are invariably poor ; a soft crumbling wall rock is, however, more
unfavourably regarded by the miners than a moderately hard one.
The walls of the lode are by no means perfect planes, but have
been twisted and contorted, and in such cases the parts of a lode
cutting through the strata are called Banke by the miners.

The walls of the vein fissures show numerous bends and
disturbances, while the country rock is frequently arranged in
folds, of which the concentric structure is often very remarkable.
The fissures intersecting and faulting these lodes are usually
filled with clay, which occasionally contains spheroidal masses of
ore, similar to those sometimes found in the veins; and through
the agency of these fissures the country rock has frequently
become impregnated with copper and iron pyrites. Fig. 61,
after Bauer, represents a section of the Holzappel Lode in the

Fic. 61.—Holzappel Lode ; Herminen level.

Herminen level, where it varies from fifteen to twenty-five inches
in width.

According to A. v. Groddeck the Weisses Gebirge of Holzappel,
Wellmich and Werlau, the Lagerschiefer of Mitterberg in the
Salzburg Alps, and the white slates of Agordo in the Venetian
Alps, which previously to that time had been described as * talc
slates,” or as, “ rocks resembling talc slate,” are sericite rocks.! He
states that analyses of this sericite show that it is a cryptocrys-
talline potash mica, and that pseudomorphs after felspar, augite,
magnetite, and titanic iron ore, are found in the white rock, which
must be regarded as an altered eruptive rock, probably diabase.
In the white rock of Wellmich are enclosed large crystals of
apatite, which he regards as of secondary origin. The variety of
white rock called Lagerschiefer, and the white slate which encloses

1 A. von Groddeck, Jahkrd. fiir Min, 1888, ii, Beilage Band, p. 72.
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needles of clay slate, are probably metamorphic rocks resulting
from normal clay slates or grauwacke slates. A knowledge of
these rocks becomes valuable as opening up new points of view
with regard to various important questions relating to ore deposits,
since it would appear probable that the sericite slates always
occur in association with ore deposits lying conformably with the
strata of the surrounding rock. He further remarks.that tho
deposits of Holzappel, Wellmich, Werlau, and Mitterberg, have,
with perfect certainty, been determined to be Lagergdnge or veins
resembling interstratified beds.

The lodes of Holzappel, Wellmich, and Werlau, belong to one
Gangzug or sytem of veins, and are accompanied by several parallel
systems striking N.E., S.W., and dipping S.E.; these are :—

The Ems Lode-system.
» Mahlberg ’

» Homberg »

, Winden »

,» Weinaur

,» Holzappel "

N o ok oo o

» ”» »

The lodes of the Ems and Mahlberg tracts are Quergdinge
or true veins. The Lagergiange only are accompanied by the
“ white rock,” while it is perfectly unknown in the true veins as
well as in the lodes in the neighbourhood of Ems. A.v. Groddeck
does mot offer an explanation for this, but believes that some
relation exists between the formation of the bedded vein and
the metamorphic rocks which the miners call “ white rock.”

In the year 1881 the Holzappel mines produced 2,119 tonnes
of lead ore.!

The Bunter Sandstone of Bleiberg, near Commern, in the
Eifel, in the mining district of Diiren, contains a deposit of
lead ores which, for extent and productiveness, has no known
equal in the world? The variegated sandstone of this district
may be divided into two portions, an upper, characterized by
finely granular red sandstone and the predominence of clays, and
a lower, consisting of coarsely granular sandstones of a bright
colour and of thick bands of conglomerate. The lower beds of

v Zeitschr, f. Berg. Hillten. u. Salinen. im preuss, Staate, vol. xxx. 1882, p. 179.
? C. Diesterweg, Jbid. vol. xiv. 1866, p. 159.
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the lower division of the variegated sandstone contain beds of
nodular ore, which are principally worked on the Bleiberg between
Call and Mechernich.

Above the Devonian beds there is, first, a bed of red clay
containing broken fragments of red grauwacke, and above this a
mass of conglomerate, from two to twenty feet in thickness, which
fills up all the inequalities of the older rock. This conglomerate
forms the floor of the Kmottenflitz or lower seam of nodules, 15
feet in thickness. Above this is a band of conglomerate, which is
covered by the upper seam of ore eighty feet in thickness. In
some places other bands of conglomerate are interposed in such a
way that four seams are separated from one another by beds
of varying depths. Many dislocations occur in these rocks,
of which the Greisbach main fissure is the most important.
The nodular sandstone of the ore seam is white, dirty white,
or yellow, and consists of crystalline quartz granules slightly
cemented together. The quantity of cement is very small, and
the rock is easily reduced to powder. The ore is associated with
sandstones of a white colour; when the colour changes, the ore
is usually lost.

The lead ore at Bleiberg occurs in the form of so-called
Knotten or nodules, and the sandstone to which they belong is
known as Knottensandstein. Carbonate of copper is present in
small quantities. The lead-ore nodules consist principslly of
galena, and more rarely of cerussite. They are spherical con-
cretions which are scattered through the entire mass of the ore
bed. Usually they are smaller than a pea, but in some cases they
attain a diameter of one-third of an inch, while on the other hand
they sometimes occur as very fine granules only. They consist of
quartz grains cemented together with lead ore, with which are
associated alumina, lime, and oxide of iron. When galena is present,
it is in the form of very finely divided grains deposited between
the relatively large particles of sand, and, if examined by the aid of
a lens, a crystalline structure is observed. This is of importance as
tending to explain the origin of the nodules. When the cement-
ing material is cerussite, it is less distinctly crystallized; in
nodules of azurite the cementing copper ore is also in a finely
divided state. Nodules of copper ore are most frequent at the
Gottessegen Mine. At Berg the copper ore has a considerable
extension, but, with its small percentage of copper and the com-
paratively large amounts of lime and clay present as cement, it i
poor and difficult to work. The globular shape of the nodules is
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best developed when galena is the cementing material ; when this
consists of white lead or copper ore, the form of the nodules is
extremely irregular. The distribution of the nodules in the sand-
stone is by no means regular; they frequently lie close to one
another, and in such cases often grow together, and an irregular
ore deposit of great extent is the result. In other cases the nodules
are from half an inch to several inches apart. At the Bleiberg the
nodules in the workable parts of the beds constitute from 4 to 10
per cent. of the weight of the entire mass. Lead and copper ores
are rarely found in actual contact, but the nodules often consist of
a centre of galena with an exterior coating of white lead; and
sometimes the whole of the lead present is in the form of cerussite.
The formation of nodules is not necessarily connected with the
presence of ore; since similar concretions frequently occur which do
not contain a trace of ore, and are known as taube Knotten. In
addition to the ores of the conglomerate bed and of the Knottenflotz,
the variegated sandstone of the Bleiberg contains several iron-ore
seams which are worked extensively, and which belong to the upper
division containing, as its colour indicates, a larger proportion of
iron oxide than the lower one. Dr. A. Gurlt is of opinion that the
extension of the deposit and the equable distribution of the ores,
indicates that they and the sandstone were formed at the same
time.!

Galena and white lead ore occur in Bunter Sandstone in a
similar way at Saint Avold, west of Saarbriicken.

The Meinerzhagener Bleiberg mine, the most important in the
district, in 1881 produced 34,941 tonnes of lead ore.

During the same year the principal districts of the Rhine
Provinces produced the following amounts of lead ore : —?

Weight. Value,

Tonnes. £,
Commern district 44,558 249,759
Diez ’ 21,159 101,495
Diiren » 6,826 39,882
Deutz ' 4,984 39,101
Riinderoth ,, 4919 34,633

In 1881 Westphalia produced 8,663 tonnes of lead ore, value
£72107, Hesse and Nassau 21,188 tonnes, value £101,582, and
the Rhine Provinces 65,951 tonnes, value £395,305.

1 Verhandl. d. naturh. Vereins preuss Rhein. und Westf., 1861, p. 60.
2 Zeitschr. Berg. Hutt. Salinenw. vol. xxx. 1882, n. 179.
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The Eifel limestones, extending from Elberfeld through Balve
to Brilon, are traversed by irregular fissures, which occasionally
widen out and are filled with calamine, concretionary blende,
galena, and iron pyrites, the latter mineral having often become
converted into brown iron ore. The largest amount of zinc ore
raised in the Brilon district during the year 1881 was produced at
the United Bratenberg and Doirnberg Mines, which yielded
6,037 tonnes of zinc ores, and 3,352 tonnes of lead ore.!

Deposits of a similar character occur in the western prolonga-
tion of the Devonian limestone near Altenbiihren, Rosenbech,
and Bleiwische, where the deposits, chiefly composed of smith-
sonite with a little galena, are only of commercial importance when
enclosed in Devonian limestone.

Very similar deposits are found in the magnesian limestone of
the same age at Gladbach, ten miles east of Cologue, where an
irregular bed of lignite is found almost immediately above the
magnesian limestone, the surface of which is extremely irregular,
containing hollows in which occur the ores of zinc. These con-
sist of calamine, with a little galena, enclosed in clay; and
similar deposits of detached fragments of zinc and lead ores are
not of unfrequent occurrence in the clay of the lignite formation
at a considerable height above the hornstone. Von Huene observes
with regard to this deposit that, up to the date of his writing
(1852), no particles of blende which bad withstood alteration had
ever been found in it2 At the Friihling Mine, near Altenbriick,
two miles east of Bensberg, on the contrary, the blende has only
been completely changed into calamine at the outcrops of the
deposits, while at greater depths unaltered blende is found enclosed
in the larger masses of calamine. The mode of occurrence of the
zinc ores at Gladbach and at various other localities in the same
neighbourhood, would appear to indicate that they are no longer
in their original position, but that they were carried into the basin-
like depressions which they now occupy by the mechanical action of
the water by which the clays of the lignite formation were deposited.
The outlines of these fragments are usually rough and sharply
defined, and it therefore appears improbable that they have been
transported from any considerable distance. It is consequently
quite possible that they may have been derived from the outcrops
of lodes containing blende and galena of a similar character to those
now worked in the neighbourhoods of Bensberg and Altenbrick.

1 Zeitschr. Berg. Hutt, Salinenw. vol. xxx. 1882, pp. 175 and 180.
3 Zeitsch. d. deutsch. geolvg. Gesellsch., 1852, p. 575.
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It is to be remarked that the calamine deposits on the left
bank of the Rhine are associated, principally, with Carboniferous
limestones, while those on the right bank of that river for the most
part occur in rocks of Devonian age.

The largest quantity of zinc ore produced in the Diiren district
in 1881 was obtained from the Altenberg Mine,! belonging to the
Vieille Montagne Company, which yielded 17,464 tonnes of zinc
ores, against 13,135 tonnes during the previous year.

In the Diiren district four mines were working during the year
1881, and together produced 17,121 tonnes of blende and 8,560
tonnes of calamine, of the total value of £22,548,

The copper deposit of the Friedrich-Wilhelm Mine at Berg, near
Commern, is, like the lead ores of the immediate neighbourhood,
situated in Bunter Sandstone. The bed containing the copper ore
strikes from north-west to south-east, dips towards north-east, and
has an average thickness of about nine feet. This bed, like the
lead ore deposits at Bleiberg, contains the ore for the most
part in the form of small nodules. Galena occurs subordinately,
and copper and iron pyrites are found in pockets associated with
heavy spar. The copper ore nodules consist principally of
malachite and azurite, copper glance, chrysocolla, and cuprite.
The sand in which the nodules are enclosed consists of quartz
fragments united by a cement containing carbonate of lime.
This sandstone is more or less ferruginous, and chrysocolla,
brown iron ore, oxide of manganese, and calcite occur in its
fissures.’

The amount of copper which has been furnished by this mine
is apparently small. In the year 1853 it yielded 25 tonnes of ore
containing from 63 to 9 per cent. of copper, and 1,508 tonnes in
which the percentage of that metal varied from 1% to 21. Its most
productive year was 1856, when the output was 3,179 tonnes
containing from ‘75 to 3 per cent. of copper. During the two
following years the workings were suspended, but in 1839 the
yield amounted to 192 tonnes of ore containing from 1 to 2 per
cent. of copper; in 1860 the yield was 139 tonnes of 13 per cent.
ore, and in 1861 the mine was abandoned on account of the large
percentage of lime present in the ores.

The Devonian strata in the neighbourhood of Dillenburg,®
which are traversed by dykes of diabase as well as penetrated

Y Zeitschr. Berg. Hiilt. Salincnw. vol. xxx. 1882, p. 175.
2 W. Jung, Berg. u. Hittenm. Zeitung., 1862, p. 229,
3 Stifft,  Geogn. Beschr.: d. Herzogth. Nassau,” 1831, p, 486.
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by pyritous serpentine, consist partly of Schalstein,! and enclose
numerous copper lodes. These veins vary in their strike from north
and south to east-south-east and west-north-west, and have usually
a considerable dip. The veinstone is principally quartz, clay,
brown spar, heavy spar, and calcite. The ore is chiefly copper
pyrites, but copper glance, cuprite, malachite, azurite, and chryso-
colla are sometimes also present.

The influence exercised by the country rock upon the contents
of the veins is very apparent. In diabase the ores are rich in
copper but are not very abundant, quartz is the prevailing vein-
stone, and clay selvages are entirely wanting. On the other hand,
in Schalstein the lodes have distinct selvages, the veinstone is
mainly composed of calc spar, brown spar, and heavy spar, and the
ores, although perhaps more abundant, are not usually so rich. The
rock in which the veins are on the whole most productive is a
decomposed Schalstein much stained by hydrated ferric oxide, and
which, in the immediate vicinity of the lodes, is often more or less
impregnated with copper ores. In the sandstones and Cypridina
slate the lodes usually contain but little ore, and the quartz, which
under such circumstances is the prevailing veinstone, often merges
gradually into the country rock, so that the veins are without
sharply defined walls.

Sandberger ? has determined the presence of copper in the
augite both in the diabases and basalts of this district, which may
probably explain the origin of the copper contained in the veins,
Both galena and blende are sometimes associated with copper
pyrites in calc spar, filling fissures in the Nassau diabase, as well as
in the copper veins themselves, but they usually occur in very
small quantities only, either alone or associated with arsenical
fahlerz. Where in depth the diabase becomes compact, the veins
are usually without ore, and are represented by fissures principally
filled with clay. Senfter has found lead, zinc, and arsenic in the
diabases of this region, and it is consequently not improbable that
under favourable circumstances these metals may become concen-
trated in the form of ores.

A group of veins extending from Rossbach to Roth yields
tetrahedrite containing silver and sometimes a little mercury,
while cinnabar occurs in the copper lode at the Neuermuth Mine
at Nanzenbach, and traces of the same mineral are found in

1 Schalsteins are consolidated ash beds, probably resulting from eruptions to
which the diabase owes its orign.
* F. Sandberger, Berg. und Hittenm. Zeitung., 1877, p. 890.
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the hamatite which generally occurs in the Schalstein of the
district.

A considerable number of veins very closely resembling one
another in other respects, but differing considerably in their strike,
have been opened up by the workings at the Hiilfe-Gottes Mine at
Nanzenbach. Some of these lodes have contained a sufficient
amount of nickel to admit of its being extracted with advantage.!
The nickeliferous ores contain on an average from 12 to 15 per
cent. of copper and about 3 per cent. of nickel. Arsenic and cobalt
are not usually present, but sometimes occur at the intersection of
the lodes by cross-veins.

Ores of antimony sometimes occur in the Devonian rocks of
Rhenish Prussia between Wintrop and Uentrop, four miles from
Arnsberg, where a bituminous limestone, from six to eighteen
inches in thickness, alternates with clay slates and siliceous shales.
All of these strata, which are overlain by Millstone Grit, are
occasionally penetrated by stibnite, which is usually most plentiful
towards the middle of the various beds, and gradually becomes less
so near their planes of separation.? The more massive portions
of the stibnite sometimes include fragments of the enclosing rock,
and the ore not unfrequently penetrates into cracks and fissures.
Cervantite, antimony ochre, is found as a product of alteration near
the surface, and the rock sometimes contains a little iron pyrites,
blende, calcite, and fluor spar. As early as the year 1833 the
Caspari Mine had opened up eleven of these metalliferous strata,
near which, but without any apparent connection with them, are
veins of heavy spar containing copper pyrites and ores of bismuth.
At the Hoffnung antimony mine, near Briick on the Ahr, the
Devonian slates strike nearly north and south with a dip of about
45° towards the west. The ores of antimony occur over a band which
is sometimes as much as 120 feet in widtb, and which in 1827 had
been opened upon, in the direction of the strike of the strata, for
a distance of about 560 feet. The stibnite, which is associated with
iron pyrites and brown spar, is found partly in true veins and partly
between the planes of stratification, or in cleavage fissures.

Iron ores occur in the Devonian rocks of the Duchy of Nassau in
the form of beds, lodes, contact deposits, segregations, and surface
deposits® In the neighbourhood of Dillenburg and Wetzlar,

! v. Koenen, Zeitschr. d. d. geol. Gesellsch., 1863, vol. xv. p. 14.

3 Buff, Karsten's Arch. vol. vi. 1827, p. 54, and 1833, vol. vi. p. 439. B.v.
Cotta, *“ Die Lehre von den Erzlagerstitten,” vol. ii. p. 154.

3 F. Sandberger, “ Uebers. der geol. Verh. v. Nassau,” 1847, p. 27. H. Bauerman,
* Metallurgy of Iron,” London, 1882, p. 80. A. Noggerath, Zeitechr. Berg. Hiitt,
Salinenw. vol. xi. 1863, pp. 63-94,
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numerous beds of hematite occur associated with Schalstein, and,
according to Sandberger, these deposits, which are frequently very
irregular, invariably occur in connection with either diabase or
Schalstein ; being sometimes bounded by either of these rocks on
one side and on the other by Cypridina slates. They contain
numerous fossils, and are worked in five to six hundred small
mines in the Duchy of Nassau alone. Stifft says of these deposits
that they are distinguished as Fluss-lager when containing calc
spar, and as kieselige Lager when quartz is present in notable pro-
portion. The first often lie entirely in Schalstein ; while diabase
in many cases forms the hanging wall but never the foot wall.
The siliceous beds are found entirely in diabase. In addition to
hematite, limonite also occurs in this district, but generally in
association with limestone.

A short distance north of Stockhausen, on the Lahn, a bed of
iron ore occurs in =Schalstcin, near its point of contact with
labradorite-porphyry ; and south of Brilon, in Westphalia, a chain
of porphyritic domes occurs in the Upper Devonian series, which
are accompanied by lenticular deposits of heaematite at their
junction with the stratified rocks. Lodes of spathic iron ore,
partially altered into limonite, frequently occur in this part of
Germany, and often contain a greater or less amount of copper
or lead ores, thus gradually passing into lodes of these metals
with a veinstone composed of more or less altered siderite.

Large quantities of spathic iron ores occur in the Devonian
rocks of the Siegen district, the most important deposit being that
of Stahlberg near Miisen, where a nearly vertical wedge-shaped
vein, enclosed in clay slate, has been worked since the year 1313.
The greatest thickness of this mass is about seventy-five feet, its
horizontal extension about 160 yards, and its depth, which has been
proved by twelve working levels driven into the hill side, 260 yards.
The entire mountain belongs to the so-called Coblenz beds of the
Lower Devonian formation which predominates throughout the
Siegen district. Clay slate is the prevailing rock, the most usual
variety being greyish with an imperfect cleavage; but lustrous
bluish-grey slates with a typical slaty structure are also met
with, as are likewise brownish red slates called Fuchs by the
miners. The last two varieties exercise an impoverishing influence
upon the lode, and beds of hard grauwacke are frequently inter-
stratified with the slates. The strike of the strata is north-east
and south-west, with a dip of about 45° towards the south-east. The
vein traverses the bedding with a dip of from 80° to 85° towards
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the south-east and maintains its maximum width for a distance of
60 yards. Well defined selvages are but rarely met with, and
the country rock, which is principally clay slate, is almost always
traversed for several yards from the lode by numerous strings of
spathic iron ore. On the north, hard bands of grauwacke occur
with beds resembling roofing slate; and, when these constitute the
country rock, they cause the almost entire disappearance of iron
ore. The lode splits into three leaders, varying from six to thirty-
six feet in width, which, together with the interpolated wedge-
shaped masses of country rock, attain a united thickness of 180
feet, proceed for a distance of 120 yards in the direction of the
strike, and then continue as insignificant strings of quartz. The
lode consists almost exclusively of spathic iron ore, of a yellowish-
white colour, containing about 11 per cent. of manganous oxide,
and which rarely changes into brown iron ore. In drusy cavities in
this lode rhombohedral crystals of spathic iron ore one and a half inch
in diameter are sometimes met with. These crystals have curved
faces, and are always accompanied by crystals of quartz. Other
ores, such as iron pyrites, copper pyrites, fahlerz, and galena, are
met with at several points in the lode, and are comparatively
abundant in the adjoining mine of Schwabengrube. The produc-
tion of Stahlberg in one year never exceeded 36,210 tonnes, and
in 1881 the yield amounted to only 2,657 tonnes of iron ore.l

The Carboniferous formation of the Ruhr district in Westphalia,?
as at Essen, Bochum, Horde, and various other localities, contains
parallel deposits of ironstone closely resembling the blackband of
the Scottish coal-fields. In addition to beds of compact ironstone, a
nodular concretionary variety is of frequent occurrence in the shales
of this formation. The ironstone deposits of the Carboniferous
formation in the neighbourhood of Saarbriicken are usually more
productive than those of the Ruhr, and for the most part cousist
of lenticular concretions of sphcerosiderite ; this mineral also occurs
in the lignite near Bonn.

THE BLAcK FoREST3—The Black Forest, which rises to an
average height of about 3,000 feet above the sea level, con-
sists chiefly of granite and gneiss, which occasionally alternate
with and pass into one another. These are sometimes traversed
by various eruptive rocks, such as porphyries, diabases, and

1 Zeitshr, Berg. Hiitt. Salincniw. vol. xi. 1863, p. 93.  Ibid. vol. xxx. 1882, p. 164.

2 B. v. Cotta, “ Die Lehre von den Erzlagerstitten,” 2nd edit. vol. ii. p. 120.

3 Braun, Ann. des Mines, vol. xviii. 1843, p. 115. Selb, Leonhard’s Taschenbuch,
. 1815, p. 320. B. v. Cotta, “ Die Lehre von den Erzlagerstatten,” 2nd ed. vol. il p.

171. F. Sandberger, “ Untersuchungen iiber Erzginge,” 1882, Part 1, p. 40.
T
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serpentines. A small area of clay slate, probably of Silurian
age, appears to merge gradually into the gneiss near Todtenan,
and there are some remains of Carboniferous strata near
Schramberg and Offenburg, in which are found seams of anthracite.
The New Red Sandstone is extensively developed in the neigh-
bourhood of Baden Baden, where it reposes immediately upon
crystalline rocks. In the southern portion of the region Buuter
Sandstone sometimes occurs on the granitic heights of the Black
Forest, and often covers them in the form of isolated caps. On the
western declivity of the mountains, which descend rapidly towards
the valley of the Rhine, is a succession of sedimentary rocks
tilted into a nearly vertical position.

Veins containing ores of silver, lead, copper, nickel, cobalt,
and antimony, associated with heavy spar, fluor spar, calcite, and
quartz, are not of unfrequent occurrence; the majority of them
are, however, too poor to admit of their being advantageously
worked, and only at long intervals contain rich pockets of mineral.
The lodes in this region are said to owe their origin to eruptive
rocks, and especially to porphyries, which they always intersect
whenever they come in contact with them. The galena found in
these lodes is said to become gradually poorer in silver in
proportion as the rocks traversed by the lodes are of more
recent age. Important deposits of pea iron ore are found in various
localities, and particularly in the neighbourhood of Kandern ; there
are also veins of limonite, which sometimes contain ores of man-
ganese. Gold is found in the alluvium of the Rhine; and
deposits of calamine occur at Wiesloch, in Baden.

The Kinzig Valley is chiefly composed of granite and gneiss,
which, on the tops of the highest hills, are sometimes overlain by
Bunter Sandstone. In this valley the crystalline rocks are fre-
quently traversed by veins containing ores of silver, lead, copper,
nickel, and cobalt, associated with heavy spar, calcite, brown spar,
and quartz. These minerals occur so intermixed with one
another that the lodes cannot be classified into distinct groups in
accordance with the metals which they yield, and in some cases
all the various ores above enumerated are found in the same
vein. Notwithstanding the large number of veins in this district
it has never been a continuously prosperous mining region, as
the rich ores only occur in patches of limited extent at great
distances apart.

The Wenzel Mine, in the Wolfach district, is said to have
yielded large profits during the early part of the last century, and
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the Alter St. Joseph Mine, near Wittich, was, at about the same
period, worked for native silver, argentite, and smaltite. The rare
mineral, wittichenite, cupriferous sulphide of bismuth, also
occurred in this mine. The Sophie Mine, in the same neighbour-
hood, was also at one period very celebrated, producing native
silver, argentite, pyrargyrite, native bismuth, bismuthite, realgar,
and copper nickel. Other similar lodes are known in the district,
some of which have yielded ores of copper. Braun states that
these lodes penetrate the Bunter Sandstone, and mentions one at
the Giite-Gottes Mine which has granite as its foot wall and
sandstone as its hanging wall. Among the other veins of the
Kinzig Valley is the Friedrich-Christian, near Schapbach (p. 56),
which produces galena, schapbachite or bismuth silver, and
copper pyrites. Native silver, native copper, cuprite, and chal-
cocite occur at the Leopold Mine in a matrix of quartz and heavy
spar. Similar lodes, although containing less ore, cccur in various
formations overlying the granite and gneiss, namely, in clay
slates, Carboniferous sandstones, Bunter sandstones, and Muschel-
kalk, and they even extend into rocks of Jurassic age, in which
heavy spar is the only veinstone.

In the southern portion of the Black Forest granite and gneiss
again predominate, but they are here associated with rocks of
Silurian age, which gradually pass into gneiss, while remains of the
Bunter Sandstone are sometimes found upon the higher ground.
The veins in the neighbourhood of Sulzburg, like those in the
Kinzig Valley, yield ores of many different metals, but the
most remarkable mine of this region is probably the Haus
Baden and Carl, near Badenweiler. The lode in this place is
sometimes as much as twelve feet in width, and may be regarded
as a contact deposit between granite and Bunter Sandstone, but
it is separated from the granite by a mass of porphyry some forty-
five feet in thickness, which itself contains galena, heavy spar, and
fluor spar. The veinstone is composed of heavy spar, fluor spar,
and quartz, containing argentiferous galena, copper pyrites, and
chalcocite, which near the surface have frequently become trans-
formed into various secondary minerals.

The lodes of the Miinster Valley closely resemble those in the
neighbourhood of Sulzburg, while similar veins occur in the
Hofsgrund, on the Erzkasten, and in the neighbourhood of
Todtenau.

In the middle ages gold washing was actively carried on in
the Rhine Valley between Mannheim and Basle, and v. Cotta

T 2
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states that, in 1859, 400 persons were occasionally employed in
gold washing in the Grand Duchy of Baden. The gold is found
among the sands and pebbles on the banks of the Rbine,
associated chiefly with ilmenite and rose-coloured quartz, in scales
never exceeding a millimetre in diameter. The entire bed of the
river is auriferous, but it is in certain localities only that the
sands will repay the expenses of working. The gold-washings
commence below Basle, in the neighbourhood of Istein and Alt-
Breisach, but the most productive localities are between Kehl and
Dachslanden, especially opposite the village of Helmlingen; there
are also a few washings below Philippsburg, but their yield is
exceedingly small.

Calamine occurs in the Muschelkalk, but this deposit differs
materially from those of Upper Silesia, which occur in the same
formation. According to official documents, mines of argentiferous
galena were worked in the range of hills between Nussloch and
Wiesloch as early as the eleventh century, but mining for calamine
was not commenced until the year 1851. The rock is intersected
by vertical fissures, in which carbonate of zinc without any admix-
ture of silicate occurs, accompanied by brown iron ore and galena.
When the encrinal beds rest upon the compact limestone the
fissures often widen out and contain very rich ore. The presence
of numerous fossils converted into calamine indicates that the for-
mation of the ore is the result of the alteration of limestone into
calamine.

Extensive deposits of pisolitic iron ore are found in the Jurassic
formation in the vicinity of Kandern, Stockach, Mohringen, and
Jestetten, as well as more to the north in the Baier Valley.
The longest worked and most important of these mining districts
is that of Kandern, where the iron ore forms part of a sandy
deposit varying from one to one hundred feet in thickness, and
which, for the most part, overlies rocks of Jurassic age. This
deposit, which is known as the Erzgebirge, in some places comes
to the surface, or is covered by alluvial detritus, but is more fre-
quently overlain by a Tertiary limestone conglomerate locally
known as Stéingang. In 1865 about eight mines were working in
the district around Kandern and Kleingau, and iron mines are said
to have been in operation in this part of Germany for more than
ten centuries.

Immediately below the vegetable soil at Mosskirch is a layer
of some inches of sand, beneath which are several inches of pisolitic
iron ore mixed with pebbles, sand, and sharks’ teeth.  Below this
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is another layer of sand, covering the chief deposit of iron ore
3} feet in thickness, containing boulders associated with shells,
sharks’ teeth, and Oolitic and Tertiary fossils. The whole is
firmly cemented together by hydrated ferric oxide, while the
boulders, which are principally quartz, frequently contain white
mica. Flinty concretions are sometimes met with, and angular or
rounded fragments of Tertiary sandstones are by no means of
unfrequent occurrence.

The miners distinguish two kinds of ore ; namely, Reinerz, pure
ore, and Bohnerz, pisolitic ore. The first of these is a lamellar,
compact, or fibrous ironstone occurring either in patches, or in
nodular concretions which sometimes, although rarely, attain a
diameter of two feet. They are covered by a yellowish or brownish-
red incrustation, and when broken are found to be composed of con-
centric layers, or to be fibrous, compact, or even porous. Their
interior is generally hollow, or is occupied by a kernel of clay or
sand. When hollow the surfaces of the cavities are often lined by
incrustations of hamatite, by fibrous limonite, or by crystals of
brown spar, spathic iron ore, or calcite ; even Jurassic fossils are
occasionally found enclosed in these nodules of clay iron-
stone. The Boknerz, like the Reinerz, forms continuous nests or
beds, but the two sometimes occur together in the same deposit.
The larger nodules of Boknerz vary in size from a pea to a
walnut, and are always formed of concentric layers more or less
firmly cemented together. Jasper likewise occurs with both
varieties of ore, and is always grey when associated with
Reinerz, but may be either grey or red when found with
Bohnerz.

B. v. Cotta says, with regard to these deposits, that the separate
members of the two varieties of ore, including the jasper, evidently
belong to the Jurassic period, but were deposited in their present
position during Tertiary times, as is shown by the sharks’ teeth,
bones, and fragments of Molasse sandstone which accompany them.
He further remarks that the nodules of ore and jasper cannot be
ordinary pebbles as, if so, their external form would not so exactly
correspond with their internal structure.

THE PALATINATE.—Ores of mercury occur in the eastern portion
of the Saarbriicken Coal-basin in lodes, as impregnations in slates,
sandstones, and ironstones,and as conglomerates of Lower Permian
age, as well as in the melaphyres, amygdaloids, and porphyries which
have in various places burst through them. Lodes containing ores
of this metal are found at the Potzberg in sandstone and argillaceous
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shale ; at Morsfeld in melaphyre-conglomerate, claystone-conglom-
erate, and claystone ; at Rathsweiler, Erzweiler, and Baumbholder
in melaphyre and amygdaloid ; and in the Konigsberg and Lemberg
in quartz-porphyry. These veins are sometimes accompanied by
claystones and hornstones, which are otherwise unknown in
the district, and may perhaps be products of the alteration of
sandstones and ordinary clay slates. In claystones and horn-
stones the lodes are usually metalliferous, but become compara-
tively unproductive upon passing into other rocks. Sandstones
and conglomerates have sometimes contained rich deposits of
ore, but the clay slates are almost invariably barren. The
only known exception to this rule is the occurrence of cinnabar
in the casts of fossil fish, in the clay slate near Miinsterappel,
on the right bank of the Appelbach.

The lodes of this district are for the most part associated in
small groups in which the principal leaders assume a certain paral-
lelism, but both lodes and impregnations appear to be productive
at short distances from the surface, only to become gradually poorer
as greater depths are attained. The greatest depth reached at
Potzberg, Landsberg, and Morsfeld, was about 120 fathoms. Cin-
nabar is the most common ore of mercury present, and usually
occurs in the form of thread-like strings, or as crystals in small drusy
cavities either in the vein or in the country rock. The other
mercurial substances present are native mercury, native amalgam,
calomel, and, more rarely, mercurial fahlerz. Generally speaking,
the lodes are principally filled with clay, but calcite, heavy spar,
quartz, hornstone, chalcedony, and bitumen are also sometimes
present. The associated minerals are iron pyrites, which is some-
times argentiferous, red and brown hamatite, spathic iron
ore, galena, fahlerz, copper pyrites, pyrolusite, and psilomelane.
The extension in the direction of its strike is, at Landsberg,
on the Gottesgabe Lode, 450 fathoms. The Morsfeld lodes extend
for a length of about 200 fathoms, but very few of the others
are more than 100 fathoms in length.

Important mines of quicksilver sprang up at Obermoschel and
Landsberg,! in the Palatinate, about the middle of the fifteenth
century, and the Erzengel Mine alone is said to have afforded as
much as 9,000 lbs. of quicksilver annually. In the year 1765, the
Palatinate Zweibriicken mines together yielded 43,000 lbs. of quick-
silver, but they have now for many years become almost completely
exhausted. Inthe year 1879, the mines of Lemberg and Kellerberg

1 H.v. Dechen, Karsten’s Archiv, vol. xxii. 1848, pp. 875-464.
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were re-opened, but their production has been very small ; in 1879
they yielded 1425 tonnes of ore, worth about £20; and in 1880, 29
tonnes, of the value of £35. No returns of ore were made in the
year 18811

THE HARz—Mining in the Harz was first begun in the
year 968, during the reign of Otto I., the first workings having
been commenced at Rammelsberg, near Goslar. Between the years
1004 and 1006 the mine was abandoned in consequence of
plague and famine, but wasresumed in 1016. In the fourteenth cen-
tury the workings at Rammelsberg fell in, 400 miners were killed,
and in consequence mining was abandoned for about 100 years.
In 1473 the Meissner Adit was begun by miners from the
Meissner district, who understood working in hard rock with the gad
and hammer better than the local miners, and blasting with powder
was tried in the middle of the fifteenth century. In 1820 the
Rammelsberg was removed from the jurisdiction of the town of Goslar
and handed over to the Communion Harz Verwaltung, which is so
divided that Hanover receives four-sevenths and Brunswick three-
sevenths of the profits.

Mining was begun at Zellerfeld, Wildemann, and Clausthal, in
the Upper Harz, in the year 1000. Mining flourished in the
. thirteenth century, but came to a standstill in the middle of
the fourteenth, on account of difficulties experienced in draining
the mines. At the beginning of the sixteenth century the
mines were worked on an extensive scale, but were again aban-
doned during the Thirty Years’ War. Owing to improvements
which bad in the meantime been made in pumping machinery, the
mines were successfully re-opened at the beginning of the
eighteenth century, and have continued in operation to the present
day.?

The Harz comprehends an approximately elliptical, upland area,
the greater axis of which is twice as long as the smaller, consisting
for the most part of sedimentary formations of Devonian and Lower
Carboniferous age® Grauwacke, clay slate, siliceous slate, and
quartzite are the predominating rocks, with subordinate beds of
limestone. These strata are frequently broken through by igneous
rocks, especially by the granite masses of the Brocken and Ram-
berg. Around the older rocks is a mantle of more recent formations,
namely, Upper Coal-measures, Permian, Triassic, Jurassic and

1 Zeitschr. Berg. Hutt, Salinenw. vol. xxviii. 1880, p. 186, Jbid. vol. xxix.
1881, p. 189, JIbid. vol. xxx. 1882, p. 187.
3 I?r. A. Garlt, “ Bergbau und Hiittenkunde,” Essen, 1879, t£ 16.
al,

3 A.v. Groddeck, ‘‘ Abriss der Geognosie des Harzes,” Claus 1888, p. 22.
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Cretaceous rocks, which may be regarded as defining the limit of
the mountain district.

The principal riches of the Harz consist in lodes and deposits
of silver, lead and copper ores, sometimes united with ores of
cobalt and nickel ; in lodes of antimony ; in segregations of pyrites;
and in lodes, beds, and deposits of ores of iron and manganese.
The copper schist of Mansfeld, in the Lower Harz, is very extensively
worked.

The lodes producing ores of these metals occur chiefly in the
Devonian and Lower Carboniferous rocks of Clausthal and Zeller-
feld, in the Devonian rocks of the Rammelsberg, in the Silurian
rocks of St. Andreasberg, and in slates of the same age at
Harzgerode in the Eastern Harz.

A. v. Groddeck describes?® the celebrated lodes of the North-
west Upper Harz, on the platean of Clausthal, as traversing
Devonian strata and Culm-measures, and states that a displace-
ment of the country rock to a distance of 218 yards occurs at Bocks-
wiese and Lautenthal, where the lode fissures have Devonian strata
oun the foot wall and Culm-measures on the hanging wall. Tke
lode-groups form a system of rays which spreads out from the
Upper Kellwasserthal, beneath the Brocken, towards the west. In
this system three main rays may be distinguished: the most
southerly of which has a general strike of N. 75° W. (7 o’clock *),
and is formed by the Silbernaaler group, the United Burgstidter and
Rosenhofer groups; and the Schulthaler group. The Lautenthal-
Hahnenkleer and the Bockswiese-Festenburg-Schulenberger groups,
which have a general strike N. 45° W, belong to the middle ray,
The eastern ray is composed of a group which, up to the present
time, has not been much investigated : its direction is N. and S.
Between these main lodes, especially between the south and middle
groups, several others occur, among which may be mentioned the
Zellerfelder, the Herzberger, and the Hiitschenthal-Spiegelthaler
groups. Next to the metalliferous veins are two destitute of ore,
the faule Ruschel and Charlotte Lode, which run nearly parallel to
the strike of the beds, namely, from N. 45° to 75° E.

The lodes, which have distinct selvages on the foot wall, are
split up and mixed with the country rock on the bhanging wall,

1 A. v. Groldeck, Zeitschr. d. d. geol. Gescllsch, vol. xviii. 1866, p. 693, and vol.
xxix. 1877, p. 440. “Zeitschr. Berg. Hiitt Salincnw. vol. xxi. 1873, p- L B. Rising,
Ibid. vol. xxv. 1877, p. 280.

? In expressing the strike in hours we must imagine the horizon to be divided
into twice 12 hours, each hour representing 15°. The direction N.S. is hour 12,
midmght and midday ; E.W. is hour 8, morning and evening.
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and sometimes reach a thickness of more than 20 fathoms; their
dip is at a great angle towards the south and south-west, rarely to-
wards the north or east. The filling of the lodes principally consists
of country rock, grauwacke, and clay slate in a more or less altered
state, together with lustrous black slate. Between these fragments
of country rock, the gangue and ores lie in the form of strings
and impregnations ; brecciated lodes are very general. The gangue
is quartz, spathic iron ore, calc spar, and heavy spar; the prin-
cipal ores being argentiferous galena, blende, and -copper pyrites.
These ores are very unevenly distributed in the lode cavities, and
numerous veins are characterised by the predominance of a
quartzose gangue, with galena, as in the case of the Zellerfeld
lodes ; others, such as the Burgstidter lodes, are filled with quartz,
calcite, galena, and blende. In some places copper pyrites occurs,
as at the Charlotte Mine, or zinc blende, as at Lautenthal, where
it is the principal ore. In an exhaustive memoir recently pub-
lished, F. Schell* describes the lodes of the North-western Upper
Harz as baving a general strike from south-east to north-west,
Formerly they were represented as being parallel, and this to a
certain extent is true, although it can no longer be comsidered
a8 strictly correct. The whole system of lodes should rather be
regarded as a network, because they are almost all connected
either by intersecting veins or by flucans. The majority of the
lodes dip to the south-west, and on this account have been termed
“right dipping,” in contradistinction to those inclined in the opposite
direction, which are styled *reverse dipping.” The latter occur
chiefly in the Rosenhofer lode-group. In describing the lodes
according to their character and constitution, it is desirable to
employ the expression Gangzug, lode-group, because it signifies to
a certain extent that they were formed at one time, or may even
be at present in course of formation.

Commencing in the south and ending in the north, these lode-
systems are the following:—

1. The Laubhiitter-Adit lode-group.

2. The Hiilfe-Gotteser and Isaakstanner lode-group.

3. The Silbernaaler lode-group.

4. The Rosenhifer lode-group.

5. The Burgstidter lode-group, and the Zellerfelder main lode-
group.

1 ¢ Der Berghau am nordwestlichen Oberharze,” Zeitschr. Berg. MHiitt. Salinenw.
vol. xxx. 1882, p. 83,
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6. The Haus-Herzberger, Spiegelthaler and Spitenthaler lode-

group.
7. The Schulenberger and Bockswieser lode-group.
8. The Hahnenkleer and Lautenthaler lode-group.

The Rosenhifer group has the most complicated network of lodes
of any in the North-western Upper Harz. Forming part of it is a
perfect entanglement of veins, completely shut in by two main lodes,
namely, by the hanging wall of the Thurmhéfer and foot-wall of
the Liegender-Altensegener Lode. Between these the most varied
fissures occur, containing more or less ore. There are also several
diagonal lodes which render the mapping of this network still more
difficult, namely, the Ziller foot vein and hanging vein and the
Braunlilier Vein. Within the network are several reverse-dipping
veins, and lastly there is the faule Ruschel coming from the
Burgstiidter Hauptzug which joins the Altensegener Lode.

Fio. 62.—Rosenhifer lode-group ; horizontal section.

Fig. 62, which is a horizontal section of the group along the
water-level, will not only serve to give an idea of the position of
the various branches but also furnishes an example of the general
mode of occurrence of mineral veins in the Upper Harz. From
the drawing it will be seen that near the south-eastern shafts of
the Rosenhofer group, as well as somewhat further east and west,
the lode fissure has widened considerably through the union of
several veins. The Thurmhéfer Lode emanates from its hanging
wall, while the foot-wall of the Altensegener Lode is connected by
two diagonal cross-courses with the main fissure.

The contents of the Rosenhifer Lode consist of spathose iron
ore, in addition to argentiferous galena, and on this accounc its ores
are easily fusible. Beautiful specimens of fahlerz are met with in
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the Silbersegener shaft, while fine crystals of galena occur in some
of the others. The ores are associated with clay slate, grauwacke,
and heavy spar. Deep down, but only in the Rosenhifer Mine,
blende is found accompanying lead ores; but this does not occur in
the upper part of the lode.

The most important of the Clausthal veins occurs in the
Burgstidter group, and seldom has any lode been richer in massive
lead ores. The occurrence of solid galena is specially to be noted
at two points, namely, in the Dorothee Mine and in the Herzog
Georg-Wilhelm Shaft.

Fig. 63 represents the Burgstidter lode-group, from which it
will be seen that it is not a single vein, but is associated with
several others, although no distinct network is present as in the

F1a. 68.—Burgstidter lode-group ; horizontal section.

Rosenhofer ground. At the north-western end of the Burgstidter
Lode, the Cron-Calenberger Lode occurs, and at this point also
originates the Zellerfelder main-lode with its variable branch veins.
It may be assumed that the Cron-Calenberger Vein has essentially
been filled by infiltrations from the Zellerfelder lode fissure, and that
the galena in the vicinity of the Ring Shaft has originated from this
lode. The Ernst-August Mine is at present the most westerly on
this course, and in this extended lode the contents vary considerably,
the galena being accompanied by clay slate, grauwacke, calc spar,
quartz, a little spathose iron ore, copper and iron pyrites, and, deeper
down, by blende. It is noteworthy that the ore in the eastern
portion is associated with clay slate and grauwacke; in that to the
west of this compact calc spar occurs, while still further west the
lode becomes more quartzose; the Gabriel Lode being specially
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rich in quartz. Although galena is the ore chiefly raised, yet in
the Konigin Charlotte Mine the ore is not galena but copper
Ppyrites.

In the Zellerfeld mines the quartzose character of the lode is
still more marked. There is, however, another circumstance to be
noted which is very characteristic of the Ring and Silberschnurr
Mine. Here the galena, in certain parts of the lode, occurs in
annular and polygonal forms which enclose parts of the gangue and
country rock. The whole face of the lode is often covered, as it
were, with different figures, and the enclosed fragments of rock are
all of the same kind, although they often differ in colour, structure,
and density. As these figures usually approximate to rings, it
may be assumed that the mine bas acquired its name from this
circumstance.

In the Schulenberger and Bockswieser group, ore is found in
two zones only, which are tolerably distant from one another,
namely, to the east near Schulenberg and Festenburg, and to the
west near Bockswiese.

The following remarks apply not only to these lodes but
to all those of the Upper Harz generally :—

If the contents of a lode are soft and easily weathered,
a depression commonly results along its outcrop, as in the
Charlotte Lode near Wildemann. Sometimes, however, clay is
formed by the weathering of the veinstone, and this, being im-
pervious, gives rise to a swamp. If the contents of a lode are
quartzose and less easily disintegrated than the country rock, then
the weathering causes the lode to project from the surface of the
ground like a wall. This may be well seen at different spots
on the Schulenberger and Bockswieser group. Here the lode
presents another peculiarity, which is characteristic of the Herzog,
August, and Johann-Friedrich Mines, namely that the veinstone
of the western part of the lode is essentially softer than that of
the eastern portion.

The celebrated mining district of St. Andreasberg?! is situated
on the southern edges of the Rehberg and Sonnenberg, on the
south-west end of the Brocken mass of granite; the lodes being
enclosed in a narrow zone of Silurian clay slate and grauwacke,
bounded on the north by granite and on the south by diabase.
The lodes are in some cases destitute of ore, while in others
they contain ores of silver, iron, or copper. The barren

1 H. Credner, Zeit. d. d. geol. Gescllsch., vol, xvii. 1865, p. 163. "B. v. Cotta,
“ Die Lehre von den Erzlagerstatten,” 2nd ed. vol. ii. p. 90.
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veins often attain a width of above 180 feet, and are filled by
fragments of clay slate and clay ; they dip from 55° to 75° towards
the south, and extend a great distance on the line of strike.
Two of these barren veins, the Neufanger towards the north, and
the Edelleuter towards the south, enclose a horse or long ellipsoidal
mass of rock, consisting principally of clay slate, above 2,500
fathoms in length, and more than 500 fathoms in width. On
one side of this large enclosure of country rock is the Edelleuter
vein, or flucan, which continues in nearly a straight line, while the
Neufanger vein forms an arch on the other. Within this space
only are silver lodes ever found,and they do not extend beyond the
enclosing veins. All the lodes known at St. Andreasberg out-
side this space contain, with but few exceptions, only iron ores
and copper pyrites.

Two systems of silver lodes are distinguished according to their
direction. The first is composed of several lodes which strike
N. 22° to 37° W, and dip at a great angle towards the north-
east. The most important of these are the Franz-August Lode,
the Samson Lode, and the Jacobsgliick Lode. Two lodes only
belong to the second system, namely the Gnade-Gottes and the
Bergmannstrost Lodes, which strike nearly parallel to the limiting
flucan, and dip 60° to 85° north. The silver veins are not
very large, few of them being above eighteen inches in width.
The principal gangue is calc spar, and the most important ores
are galena, antimonial and arsenical silver ores, and native arsenic;
these are accompanied by apophyllite, harmotome, desmine, stilbite,
and fluor spar. The silver lodes cross and frequently dislocate one
another, but calcite is always the most abundant gangue. The iron
lodes outside the enclosed ellipsoid of country rock are filled with
compact red iron ore, and with several veins of copper pyrites and
cobalt ores, from a zone parallel to the edge of the granite.

The presence of zeolites, the comparative scarcity of galena,
and the predominance of rich silver ores, characterise the St.
Andreasberg lodes and distinguish them from those of Clausthal,
in which galena is abundant and the other minerals do not occur.
Some of these lodes have a very regularly banded or combed
structure, and it would appear that their origin is in some way
intimately connected with the intrusion of the neighbouring
diabase. Many of the minerals present, such, for instance, as
cerargyrite, tinder ore, and ganomatite, are evidently products of
the decomposition of other substances. The Samson Lode has
been worked and found to be productive to a depth of 2,590 feet,
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although on account of the limited extent of the ore ground it
has been followed horizontally for a distance of about 2,100 feet
only.

In the district of Harzgerode and Neudorf,! which is of con-
siderable interest to the mineralogist, the lodes are principally
enclosed in clay slates of Silurian age. This is especially the case
in the Meisenberg and Pfaffenberg, where their strike is south-
east and north-west parallel to the principal axis of the Harz. The
veinstone consists of quartz, spathic iron ore, and calcite, with
which are associated galena, iron and copper pyrites, tetrahedrite,
bournonite, stibnite, and occasionally traces of wolfram. These lodes
also frequently contain fragments of country rock, which are often
surrounded by concentric layers of different ores in the following
order, namely, spathic iron ore, quartz, finely granular galena,
dark brown blende, coarsely granular galena. Zinken has de-
scribed some of the mineralogical peculiarities of these veins,
particularly those belonging to the Birnbaum group, and has
pointed out that in some places the fissures, instead of having
become filled with ordinary veinstone, contain only clay slate
traversed by numerous small branches. In the clay slate these
small veins consist of quartz, but when the wall rock is composed
of porphyry they are filled principally with galena. In the year
1879 Neudorf produced 1,414 tonnes of lead ore of the value of
£7,417.

The Rammelsberg ? is a mountain on the northern borders
of the Harz, nearly two English miles south of the town of
Goslar, of which the summit is 2,076 feet above the sea
level. The rock consists of three members of the Devonian
formation, namely, the Goslar slate, formerly called Wissenbach
slate by F. A. Romer, the Calceola slate, and the Spirifer sand-
stone. These rocks lie above one another in reversed order, so
that the Spirifer sandstone forms the summit of the mountain;
beneath this comes the Calceola slate, and lastly the Goslar slate.
The characteristic cleavage of the Goslar slate is not usually
met with at the Rammelsberg, as the cleavage and stratification
coincide ; the interstratified limestone and quartzite being parallel
with the strata containing fossils. When the plane of stratifica-
tion of the slate has a dip greater or less than 45°, traces of

1 Credner, ‘‘ Geogn. Verhaltn. Thuring. u. d. Hars,” 1843, p. 128. Zinken,
Leonhard's Jahrbuch, 1850, p. 692. B. v. Cotta, “ Die Lehre von der Erzlager-
stitten,” vol. ii. p. 89.

3 F. Wimmer, Zeitschr. Berg. Hitt. Salinenic. vol. xxv. 1877, p. 119.
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cleavage may be again remarked, particularly to the northéwest
of the Winterthal.

The Rammelsberg ore dep051t consists of an aggregation of
irregular lenticular masses of ore of varying dimensions, its greatest
extension in the direction of the strike being 655 fathoms, and its
usual thickness from 45 to 60 feet, which sometimes, where the
ore mass separates into two branches, extends to above ninety feet.
Like the country rock it has a strike towards east-north-east
and west-south-west, with a dip 45° south-east following all its
contortions. The Rammelsberg ore deposit is consequently a true
bed, and an independent member of the Goslar slates.

Fig. 64, representing a transverse section across the Rammels-
berg, and Fig. 63, a section on a larger scale actoss the ore bed,
will serve to show the mode of occurrence of the ores in this
mine.

Fio0. 64.—Bection across the Rainmelsberg.

This deposit was regarded by Delius (1770) as a stockwork,
and was described by Lasius (1789) as being neither lode, stock,
nor stockwork, but as a “rhomboidal parallelopipedon of ore.”
Bohmer (1793) called it an Erzflétz or ore seam, and the branch he
considered a true lode. Reichetzer (1821) calls it a stekender Stock ;
B. v. Cotta calls it a legender Stock, or recumbent segregation,
while Gatterer and Hausmann regarded it as a bed.

This bed is composed of lenticular aggregations of pyrites,
which consist of compact masses of

1. Galena with blende and iron pyrites.
2. Galena with heavy spar.
3. Copper and iron pyrites.

The minerals of the Rammelsberg ore bed may be divided
into three classes :'—

'} F. Ulrich, “ Die Mineralvorkommnisse in der Umgegend von Goslar,” 1860.
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a. Minerals which originally formed the bed.

b. Minerals which occur in fissures and veins in the ore-mass.

¢. Minerals which have been formed by the decomposition of
the two preceding.

a—Of this class the prevailing constituent is iron pyrites.
Copper pyrites, always mixed with iron pyrites, and sometimes with
fahlerz is also present. Galena occurs in a compact form, but when
mixed with pyrites it constitutes the so-called melirten Erze ; when
in association with blende, iron pyrites, and heavy spar, it forms
lead ore proper, which is called “ brown ore” or “ grey ore,” according

F1a. 05.—8ection across the ore bed, Rammelsbery.

as blende or heavy spar predominates. Blende occurs in com-
pact masses, as does also heavy spar; quartz is exceedingly rare.

b—In class b, copper pyrites is found in beautiful crystals,
crystallised fahlerz and galena also occur; while the blende is
usually compact. The heavy spar is crystallized, and filling the
fissures are found calcite, calamine, gypsum, spathic iron ore,
and quartz.

¢—A number of interesting secondary minerals are being
formed in the ancient workings of the Rammelsberg Mine by the
decomposition of the original ores. Among these sulphate of iron,
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rarely crystallized but often in a stalactitic form, is of frequent
occurrence, as are also botryogen, reemerite, voltaite, copiapite,
and vitriol ochre. Sulphates of copper, zinc, and calcium, are also
present, as is also hair-salt, a magnesian aluminium sulphate
containing sulphates of zinc and iron.

Professor G. Kohler! of Clausthal has brought forward
additional evidence of the correctness of the view that the
Rammelsberg deposit is a true ore bed, and an independent
member of the Goslar-slate series, and in his paper on this sub-
Ject gives drawings of a number of specimens of the ores, showing
that all the contortions of the surrounding rocks are shared by
the ore bed itself.

According to official returns the production of the principal
mines of the Harz, during the year 1881, was as follows: 2—

Lead Ores. Copper Ores. Zinc Ores.
Mines.
Weight. Value. Weight. Value. Weight. Value.
a hal ;l'gn{:e; £ Tonnes. £ A Tonnes. £
austhal . . . ,14 | 493
Lantenthal . .| L758( | g0 qeo [§ 424 | 1752 | 5035 |{16,435
Silbernaal . . .| 4,146 '

St. Andreasberg 109
Rammelsberg .| 27,547 11,143 | 19,365 | 28,087

Totals . . .| 43,707 | 211,805 | 19,789 | 29,839 5,781 16,435

In addition to the above Andreasberg produced, during the
year 1881, 122 tonnes of silver ore of the value of £5,901.

Inclusive of cupriferous lead ores and iron pyrites, the production
of Rammelsberg in 1881 amounted to 46,990 tonnes.

Mining was commenced in the county of Mansfeld, on the
southern declivity of the Harz, in the year 1199, and has, with
but little interruption, continued flourishing up to the present
time. In the fifteenth century about 1,000 tonnes of copper were
annually produced, but, during the sixteenth, mining was for some

! “ Die Storungen im Rammelsberger Erzlager bei Goslar,’’ Zeitschr. Berg. Hitt,
Salinenw., vol. xxx. 1882, pp. 31 and 278.

3 Ibid. vol. xxx. 1882, pp. 175, 186. Ibid. vol. xvii. 1869, p- 259. Jbid.
vol. xix. 1871, p. 224.

3 “Der_Kupferschieferbergbau und der Hiittenbetrieb zur Verarbeitung der
Rewonnen Minern,” 1881..

U
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time interrupted by the Thirty Years’ War. Working was, however,
resumed in 1578 by the Elector of Saxony, since which time
operations were continuously carried on by independent com-
panies. In 1852 these companies were all consolidated into the
“ Mansfelder Kupferschieferbauende Gewerkschaft ” (Company
for working the Mansfeld Copper Schist), which now produces
annually about 11,000 tonnes of copper, together with 60 tonnes
of silver, and affords employment to nearly 11,000 miners.

The geological constitution of the copper-mining district of
Mansfeld is, on account of the regularity of the stratification,
exceedingly simple, and, with the exception of melaphyre, which
occurs sparingly in the Wipper Valley and a few adjacent localities,
the whole region is composed entirely of stratified rocks, of which
the Rothliegendes forms the lowest member.

Fio. 66.—S8ection of the strata, Ticfthal.

Fig. 66, representing an anticlinal in the Tiefthal district, will
convey a correct idea of the position of the various strata.

The Rothliegendes, the name applied by the miners to the sand-
stones and conglomerates forming the base of the Mansfeld
Kupferschicfer, or copper schist, sometimes exceeds 500 fathoms
in thickness, and exhibits many characteristic peculiarities by
means of which it is easily recognised. This formation may be
divided into three zones, the lower, the middle, and the upper. w
The lower of these divisions is characterised by a conglomerate
of waterworn hornstone pebbles; the second by various beds of
carbonate of lime; and the third by a sharp angular grit much
employed as a material for millstones.

The Weissliegendes may be considered as the uppermost bed
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of the Rothliegendes, for, although this stratum, four feet six
inches in thickness, resembles to some extent the layer above,
particularly in its greyish-white colour, in the presence of
carbonate of lime, and in its containing in its upper beds ores
of the same metals as the limestone formation above, it still
retains the peculiar sandstone character possessed by the
Rothliegendes.

As a rule, the Weissliegendes lies on the upper clayey beds of
the Rothliegendes as a greyish-white bed rich in mica and Jime.
Above this follow beds of sandstone, which possess a cementing
material of a greyish-white colour rich in lime, together with, in
places, beds of conglomerate containing fragments of quartz and
siliceous slate. The upper bed of this sharply divided division
becomes, through the disappearance of lime as a cementing
material, very rich in quartz, and in places takes the appearance
of hornstone.

The Zechstein formation at Mansfeld consists of two principal
divisions, an upper and a lower. Of these the lower comprehends
the Kupferschicferflotz, or cupriferous seam ; the Dack, or roof, and
the Zechstein proper; while the upper consists of the Rauch-
wacke, Rauhstein, Stinkstcin, and Asche with gypsum and various
clays.

The bituminous marl constituting the copper schist, or copper
shale, lies everywhere, with the greatest regularity, on the Roth-
liegendes, so that it can be followed as a thin black band; indeed
in some places, such as at the southern edge of the Harz, it
even stretches beyond, which appears the more remarkable when
its small thickness, only about nineteen inches, is taken into con-
sideration. The bituminous contents of the copper-bearing bed,
which, however, diminish near the top, are more characteristic
than even its metallic contents, as bitumen is often present
when copper ore is absent, or occurs only in quantities too small
to pay the cxpenses of smelting.

Even on a cursory examination, without taking into con-
sideration the greater or less proportion of copper present, the
copper schist is readily divisible into several distinct layers. The
deposit is most complete in all its members in the Hettstedt
and Gerbstedt districts; but this is less the case in the districts
of Eisleben and Sangerhausen.

The different layers of the copper schist receive from the miners
the following names, and occur in the following order, beginning

at the bottom.
U 2
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Hettstedt, Gerbstedt. Eisleben. Sangerhausen.
9. Oberberge. Dachberge Noberge.
8. Noberge. Noberge
7. Lochberge. Kopf {8‘;‘:& Unterwand.
6. Kammschale, Kammschale. Schieferkopf.
5. Kopfschale.
4. Schieferkopt { 1% (| Grobe Lette. Blattschiefer.
3. Lochschale. Feine (Loch) Lette. Schramschiefer.
2. Lochen. .
1. Liegende Schale. g Wanting. Erzschiefer.

The first division consists of the Liegende Schale, which is not
everywhere present, after which comes the Locken, consisting of a soft
clayey bed, which generally lies on, and is firmly attached to, the
layer of shale below; whilst above it is the ZLochschale, chiefly
distinguished by its extremely fine lamination. The entire lower
division is at the most from 2 to 2} inches in thickness.

The second division is much coarser than the first. The Schicfer-
Lopf, which is divided into lower and upper, has a solid homogeneous
appearance, which, however, it loses in the Oberkopf, which is
coarser and shows an uneven fracture. This is followed by a thin
layer, the Kopfschale, which sometimes contains strings of gypsum,
though by no means with the same regularity as is seen in the
next layer, the Kammschale.

The Kammschale presents a very characteristic appearance,
and is everywhere readily recognisable. It is traversed by fine
regular threads of gypsum, which gives it an appearance well
described by the miners as “ white-haired.” The entire second
division (4, 5, and 6) reaches a thickness of only four inches.

Much coarser, but still almost always with a distinct cleavage,
is the Lochberge. The cross fracture is perceptibly greyer and paler
than is that of the preceding layers. The Lochberge, being separated
from the strata both above and below by smooth schistose surfaces,
separates in a layer 2} to 4 inches in thickness, and is often used
as a building stone.

The Noberge is a still finer schist, of less clearly defined texture,
in which bitumen is less readily discerned.
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The Oberberge is grey, and already exhibits characteristics very
similar to those of the layer above known as the Dach ; the Noberge
and Oberberge together attain a thickness of from 6 to 8 inches.

The lower portion of the series is, in the Eisleben district,
always known as the Lette, and in that of Sangerhausen the layers
of the lower division are usually soft, plastic, and greasy; when
firmer they often-contain visible grains of pitch. The Erzschiefer, so
called on account of its greater metallic contents, is not everywhere
present, and when present does not exceed a thickness of § inch.

The Dach exhibits a coarse fracture and is not readily fissile,
being usually a greyish-white compact bed of marly limestone from
6 to 14 inches in thickness, which on exposure to the air becomes
yellowish-brown, and, on weathering, separates into polygonal
fragments.

The Faiile, from 2 feet 6 inches to 3 feet in thickness, is a
dark-blue solid limestone which is always distinctly marly.

The Zechstein proper is a dense yellowish or smoke-grey lime-
stone with a conchoidal fracture, and is the most regular and con-
tinuous of all the strata accompanying the Kupferschiefer seam.
It is in a high degree suitable for building purposes, since it not
only occurs in regular beds, varying from 4 to 12 inches in thick-
ness, but is also readily divided into parallelopipedal blocks. Flat
lenticular bodies enclosing a dark carbonaceous mass as a kernel,
probably the remains of some organism, are peculiar to the Zechstein.
The upper layers, from 6 to 12 inches thick, are porous, the pores
being of a yellow colour. This bed passes into the next of
the series known as the Rauchwacke, which, in some districts
often of considerable thickness, is in the Mansfeld district only
from 18 inches to 6 feet thick, and lies on the top of the Zechstein ;
but it is seldom of great extent, thinning out and disappearing and
then again appearing. It passes from a firm dark-greyish black
dolomitic limestone to a yellowish-grey or yellow magnesian marl.

The Rauchwacke is often traversed by small fissures filled with
calcite, which imparts to the rock the appearance of a breccia
of which that mineral is the cementing material.

The Asche, which consists of a grey earthy or sandy dolomitic
marl, is never absent from the top of the Zechstein, but is extremely
variable in thickness, and is often much intermixed with other beds.

The Rauhstein, which is never absent where the 4sche is present
in considerable quantity, forms an intermediate link between the
Rauchwacke and Asche. It is blackish-grey in colour, and resembles
the Rauchwacke in its porous structure and the irregular arrange-
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ment of its constituents. It is usually found imbedded in the Asche.
Stinkstein, from its frequent passage into the Asche, with which
it intermingles as frequently as does the Rauhstein, is closely
allied with these two beds. - It is of a dark-grey colour and thinly
fissile, the planes of division, however, being in very varying direc-
tions, owing to movements having taken place in the beds which
appear to have broken the stratum and thus disturbed the
foliation. The peculiar odour of the Stinkstein is shared to some
extent by the upper layers of the whole series.

The blue clay, which forms the topmost layer of the formation,
is often interstratified with red clay, and encloses layers of Stink-
stetn and Rauhstein. The blue clay passes into 4sche, becoming
more sandy in so doing.

Gypsum and anhydrite play an important part in the Zechstein
formation penetrating all the layers down to the Weissliegendes, and
varying from scarcely visible traces to distinct beds of greater or
less thickness; almost everywhere where deposits of this mineral
are bored through, anhydrite is found somewhere in the mass.

The metalliferous contents of the Kupferschiefer seam occur as a
rule in the form of Speise, that is, sprinkled in the condition of very
fine dust which, on a transverse fracture, causes a metallic reflection
in sunlight. It has either a golden colour, from the presence of
copper pyrites in predominant quantity, or a violet, blue, and copper-
red colour from the presence of erubescite ; more rarely the colour is
steel-grey, from copper glance, or greyish-yellow from iron pyrites,
and, finally, sometimes bluish-grey, from the presence of galena.
Although the Speise principally consists of sulphuretted ores of
copper, there also occur, in greater or less quantities not visible to
the eye, sulphide of silver, blende, galena, iron and copper pyrites,
copper-nickel and arsenide of cobalt, as well as compounds of man-
ganese, molybdenum, and selenium ; oxidized compounds and salts
also occur as secondary products. In addition to the Speise small
bands and filaments of the same ores likewise occur, filling fissures
parallel to the bedding; the presence of these is not, however,
sufficient to make the ore profitable for smelting when Speise is
absent. None of the layers of the Kupferschiefer seam are barren
of metal, but it is only in a few of the bands that it occurs in
workable quantities, these being invariably the lower layers up
to the Kammschale, which is, as a rule, the limit of smeltable ore.

At Eisleben the Lette, together with the Kammschale, are, as
a rule, the productive beds, and with these is associated the
Schieferkopf, especially on the ridges and in the hollows of the
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seam. In proportion as the depth increases, however, the clay or
the Kammschale frequently becomes too poor for smelting. In
the Hettstedt district the productive slate is confined mainly to
the Lochen and Unterkopf, the Oberkopf being mostly unproductive,
while Dachberge, worth smelting, occurs but rarely.

The term Flotz, seam, is usually applied to the productive
bed only, the thickness of which varies from 2} to 5 inches.
With this restricted height it is of course necessary to remove
a portion of the country in order to allow room for working.
As the floor is hard the roof is removed to such an extent as to
allow the hewer to work in a reclining position, and as the miner
reclines on his side the breadth of the shoulders is the minimum
height of the working space necessary. The most suitable height
is about twenty-two inches, but the cupriferous band is often
worked with a height of from sixteen to eighteen inches only.

In some places there occurs below the Kupferschiefer, on the
upper part of the Weissliegendes, a deposit known as Sanderze,
which usually appears as what is locally known as gelbe Tresse,
consisting of cousolidated grains of copper pyrites mixed with
sand. Wherever this Tressc appears, it assumes the form of a
golden yellow band of from one-third of an inch to one inch. The
Kupferschiefer of the Mansfeld district contains on an average
from two to three per cent. of copper with about ten pounds of
silver to the tonne of copper, whilst the Sanderze of the Sanger-
hausen district reaches as high as five per cent. of copper when the
ore is pyrites, to ten per cent when it consists of erubescite, the silver
in this case reaching only five pounds per tonne of copper. In the
northern portion of the district the schists are poorer for copper,
yielding scarcely one and a half per cent.

The following analyses give the composition of copper schist
during the second quarter of 1879 :—

’ Otto snm.! Ernst Shaty, | Olficknile
I
| Siliea. . . . ........ 38:42 8315 29-22
"Alumipa . . .. ... ... 15°93 12:90 1176
Lime . . ... ....... 10°93 1439 12-66
! Magnesia . . . ... .... 353 . 232 2:25
| Carbonmicacid . . . . . . .. 702  10°47 943
{ Irom . .. ... | 181 331 2:97
Copper . . . .. ... ... i 201 2:90 288
Silver. . . ... ... ... | ‘015 ‘016 021
Salphur. . . . . ... ... 318 2:15 497
' Bitumen byloss . . . . . . . 1463 ’ 9-89 17-21
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Zinc, lead, manganese, nickel, and cobalt were not quantitively
estimated.

Asshown in Fig. 66, the Kupferschiefer deposit is overlain by the
well-known Bunter Sandstone, which, in this district, consists of red
slaty clays, red-coloured sandstones and sandy shales, oolitic beds
and thick masses of gypsum. Copper schist is also worked in
Hesse, and at Saalfeld in Thuringia. Some idea of the importance
of the Mansfeld metalliferous deposits may be gathered from the
following facts. The total number of men employed at the end of
1881 in all departments, mining, transport, smelting, &c., was
13,087, and, taking their families into consideration, the total
number of persons dependent on the working of the Kupferschisfer
was a trifle over 35,000.

In the Mansfeld district the following quantities of copper schist
have been raised since 1862:—

Year. Tonnes.
862 . . . . . .. 61,971
1865 . . . . . .. 91,028
1868 . . . . . .. 135,284
871 . . . .. .. 170,580
1874 . . . . . .. 192,847
1877 . . . .. .. 269,482
1878 . . . . . .. 299,601
1879 . . . . . .. 320,320
1880 . . . . .. . 394,650
1881 . . . . . .. 436,048

Besides this the Sangerhausen district, belonging to the Mans-
feld Company, produced 138,405 tonnes of copper schist during the
period from 1862 to 1880 inclusive; or an average of 7,284 tonnes
per annum.

Sangerhausen alone, in 1880, produced 10,933 tonnes.
»” » 1881 » 9J367 » 1

Altogether, Sangerhausen and Mansfeld, in 1880, produced
405,583 tonnes, representing a value of £537,390; and in 1881,
445,415 tonnes, worth £660,487. In the year 1881 the quantity of
silver and copper obtained 2 was as follows :—

Copper. . . . . . 10,999 tonnes.
Silver . . . . . . 59,836 kilogr.

Y Zeitschr, Berg, Hitt. Salinenw., vol. xxx. 1882, p. 183.
3 Ibid. vol. xxx. 1882, p. 226,
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The iron ores of the Harz?! which are very widely distributed,
chiefly consist of heematites and limonites, although both magnetite
and spathic iron ore are also occasionally met with, B. v. Cotta
remarks that the comparative rarity of magnetite may probably be
explained by the absence of crystalline schists, since it is principally
in such rocks that deposits of iron ores have become changed into
magnetite by the metamorphic action which has caused the alteration
of the rocks themselves. In the Harz, as in numerous other
localities, iron ores are for the most part associated with igneous
rocks, either being enclosed within them, or forming contact
deposits in their immediate vicinity. They occur usually, but not
universally, in connection with diabase, and are found in the form
of beds, veins, and irregular deposits.

Many of the masses of greenstone penetrating the Silurian
rocks of the Eastern Harz, near Tilkerode, contain deposits of
hzmatite, which, according to Zinken, do not extend into the sur-
rounding clay slates. They occur either as irregular lodes in the
diabase, or form deposits between it and the neighbouring slate,
and it is remarkable that, in addition to iron ores, they sometimes
contain various compounds of selenium, such as clausthalite,
lehrbachite, and tilkerodite associated with auriferous palladium.
As is usually the case, when spathic iron ore is present it has, near
the surface, been converted into limonite. Similar deposits occur at
Elbingerode, Lehrbach, and Zorge; while on the Krokenstein, near
Hiittenrode, hematite forms a contact deposit between limestone
and clay slate. Little appears to have been done during the last
year either at Tilkerode or at Zorge, while at Lehrbach three men
only were employed. During the year 1881 Elbingerode pro-
duced 4,600 tonnes of brown iron ore and 2,173 tonnes of red
hamatite.

The manganese deposits of the Harz are almost exclusively
confined to the neighbourhood of Ilfeld, where they occur in
porphyrite in the form of veins varying from a few inches to nearly
two feet in width, and of which the usual strike is between
N. 82°W. and N.30° W. The ores, which are in part compact and in
part crystallized, consist of manganite, pyrolusite, varvicite, braunite,
bhausmannite, psilomelane, and wad ; the associated matrix consisting
of cale spar, heavy spar, brown spar, and, sometimes, carbonate of
manganese, with crystals of clac spar coloured black by manganic
oxide. These lodes are invariably accompanied by branches in

1 Zinken, *‘ Der éstliche Harz,” vol. i. 1825, p. 135 ; Credner, ‘‘ Geogn. Verh.
Thiir. u. des Harzes,” 1843, p. 127 ; Kerl, Berg. und Hiltenm, Zeit. 1853, p. 148.
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which ores of manganese occur in a compact form and without any
admixture of matrix. They are seldom productive to a greater
depth than about six fathoms, although in a few exceptional cases
they have been followed to beyond thirty fathoms. The porphyrite
of Ilfeld is in some places traversed by lodes of iron ore.

During the year 1881 the Ilfeld mines produced 144 tonnes of
manganese ore of the aggregate value of £1,315.1

THE THURINGIAN FOREST.—Iron ore was at a very early
period worked in the Thuringian Forest, iron works baving been
built near Saalfeld in 1071. Gold was mined at Goldisthal in prehis-
toric times, while the gold-washings and gold mines at Reichmanns-
dorf and Steinhaide, near Saalfeld, were flourishing in 1209 ; they
were, however, abandoned in 1430, but resumed in 1533. The
Giite-Gottes Mine at the Petersberg, from 1576 to 1580, yielded
about seventy-five pounds of fine gold. It was abandoned in 1635
on account of the Thirty Years’ War, but in 1692 was resumed by
foreign miners procured by Duke Albrecht. In the year 1700
there were gold-washings on the Werra and the Ilz near Schwarzen-
brunn and Schalkau, but they do not appear to have been
successful. The only ores at present obtained in this region are
those of iron and manganese, with a little antimony and a still
smaller quantity of copper ore.

Geologically, the Thuringian forest is divided into two portions
of very unequal areas. The south-eastern part, which joins the
plateau of the Fichtelgebirge, and from which it is separated by no
natural boundary, consists, principally, of Silurian rocks bounded
on the north by Permian strata, and on the south-west by rocks
of Carboniferous, Permian, and Triassic age. This district is
penetrated by but few masses and dykes of granite or other
eruptive rocks, and is by no means rich in metalliferous veins.
The north-western portion consists of a small mountain ridge,
of which the geological characteristics are much varied. Here
granite, syenite, gneiss, and mica schists appear to be the oldest
rocks and are frequently traversed by various porphyries and
greenstones. In the Silurian rocks of the south-eastern district
considerable quantities of hematite and limonite are mined, par-
ticularly in the neighbourhood of Steinach and at Schmiedefeld,
near Grifenthal, where a bed of iron ore courses parallel to the
strike of the enclosing slates.

Y Zeitschr. Berg. Hitt, Salinenw. vol. xxx. 1882, p. 188.
2 Krug von Nldda, Karsten's Archiv. vol. xi. 1838, p. 13. Credner, * Geegn.
Verhalt., i‘hurmg u. d. Harz,” 1843, p. 130.
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At Weitisberga, near Lehesten, in the vicinity of a mass of
intrusive granite, are several lodes which appear to occur in small
masses of greenstone which penetrate the slates, but are not found
in the slates themselves. These veins contain small quantities
of galena, blende, and copper pyrites, intimately intermingled with
a gangue consisting, principally, of calc spar and hornblende.

The small intrusion of granite which comes to the surface
between various masses of porphyry near Schmiedefeld contains at
the Krux Mines, west of the village, some irregular deposits of iron
ore ; the surrounding rock, which is hornblendic granite, appears to
be associated with a sort of greenstone. The most important of
these deposits is that known as the Schwarze Krux, sometimes
consisting of nearly pure magnetite, but occasionally more or less
mixed with quartz, garnets, iron pyrites, copper pyrites, mispickel,
specular iron ore, and fluor spar. The Rothe and the Gelbe Krux,
near the Schwarze Krux, contain somewhat similar deposits, which
consist partly of hematite and partly of magnetite, often, however,
much mixed with iron pyrites.

The quartz-porphyry, as well as the mica-traps and melaphyres,
of the Thuringian Forest is sometimes traversed by veins of oxide
of manganese, whose strike is usually parallel to the trend of the
mountain ridges. These lodes, which exceptionally penetrate the
granite, consist of pyrolusite and psilomelane associated with calc
spar and heavy spar; with these are found wad, hausmannite,
braunite, and, more rarely, manganite. The principal veins yield-
ing ores of manganese occur in the Rumpelsberg and Mittelberg,
near Elgersburg, where they usually occur without any considerable
admixture of gangue. They are, however, sometimes associated
with tabular heavy spar or calc spar, and the lodes not unfrequently
enclose large horses of the rock in which they occur. When
pyrolusite is present in a pure state, it usually forms bands parallel
to the walls of the vein fissure with its crystals all directed towards
the centre of the lode. The other ores of manganese are found in
irregular patches, between the masses of country rock and clay, by
which the lode fissures are partly filled. A few of the most
important of these lodes attain a width of fifteen feet, while others
can only be traced as mere lines. Their extreme depth has never
been attained, although the workings on some of them have
been carried fifty fathoms below the surface. The analogous
deposits of pyrolusite in the neighbourhood of Ilmenau and
Friedrichsroda are of less importance.

A dark-colourcd slate which overlies the granite at Goldlauter,
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near Suhl, is of Carbuniferous age, and contains thin layers of
anthracite, together with impressions of ferns and stigmaria.
One of the beds of this formation of a more than usually dark
tint contains lenticular or ellipsoidal masses, varying from one inch
to six inches in diameter, containing various metalliferous ores.
These are arranged in concentric layers around a kernel generally
consisting of sphaerosiderite, although this is sometimes replaced by
a fragment of black crystalline limestone. The kernel is usually
surrounded by layers of copper pyrites, tetrahedrite, native silver,
and a silvery white mineral (probably mispickel) which crystallizes
in fine needles and contains a large percentage of silver. A layer
of reddish-brown spar, containing but slight indications of the
presence of metals, surrounds the minerals above enumerated,
and over this follow alternating bands of iron pyrites, mispickel,
aud argillaceous shale. These ellipsoidal masses are rarely so
perfect as to exhibit in any one specimen the whole of the layers
mentioned, and this deposit may be regarded as possessing greater
geological interest than economic value.

In addition to iron ores, the Zechstein of the Thuringian Forest
contains Kupferschicfer, with veins containing ores of silver and
cobalt. The most important iron deposits of the Zechstein occur
in the neighbourhood of Herges, and are worked in the Stahlberg,
Mommel, and various other mines. That they originally consisted of
spathic iron ore there can be little doubt, but they have now become
chiefly converted into limonite. Although their form is irregular
they have a general south-east and north-west strike and appear to
be frequently connected with one another, but are entirely confined
to the Zechstein. The strata of the Zechstetn and Bunter Sand-
stone formations are much dislocated, and intrusions of granite and
other eruptive rocks are of frequent occurrence. Kupferschiefer
and Weissliegendes appear to be wanting in the neighbourhood of
Herges.

In 1879 the Thuringian Forest produced 18,680 tonnes of iron
ores value £5,914; 1,273 tonnes of manganese ores value £4,677;
41 tonnes of antimony ores value £746; and 10 tonnes of copper
ores value £8.!

THE ERzZGEBIRGE.—This mountainous range conbstitutes an
elevated plateau rising on an average from 2,000 to 2,500 feet
above the level of the sea, with a gentle north-westerly slope
towards Saxony and a more precipitous declivity in the contrary
direction towards Bohemia. The predominant rocks of this region

! Berg und Hutten Kalendar, Essen, 1882, p. 174.
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are gneiss and mica schists which, towards the north-west, gradually
merge into non-fossiliferous clay slates.

These stratified rocks have been penetrated by numerous
masses and dykes of granite, as well as by the so-called red
gneiss; granitic and syenitic porphyry, together with various
greenstones, are likewise of frequent occurrence. Basalt here and
there forms small conical hills or appears in the form of dykes,
while siliceous slates, covered for the most part by rocks of Carbon-
iferous and Permian age, occur on the north-western declivity.
The ore deposits of the Erzgebirge occur exclusively in crystalline
schists and in igneous rocks, and although very numerous they are
not exceptionally rich. They contain ores of silver, lead, zinc,
copper, tin, cobalt, nickel, bismuth, antimony, arsenic, iron, and
manganese, with occasional traces of gold and mercury.

The veins of silver and lead ores, which also frequently contain
ores of copper, are for the most part confined to a zone extending
in a north-easterly and south-westerly direction over the crest of
the mountains from Meissen, through Freiberg, Langenau, Oederan,
Wolkenstein, Marienberg, and Annaberg, to Joachimsthal.

The tin-ore districts, which contain the oldest metalliferous
deposits of this region, are found in groups which extend along the
crest of the mountains, where they form lodes, impregnations, and
surface deposits. Veins of cobalt and nickel ores, frequently con-
taining bismuth, silver, lead, and copper, occur chiefly in the
neighbourhood of Schneeberg, but ores of cobalt and nickel are
likewise found in the silver lodes of Freiberg, Marienberg, and
Joachimsthal. Lodes of hazmatite and limonite, frequently con-
taining manganese, lie chiefly within a zone corresponding to the
crest of the mountains, but deposits of magnetite, associated with
diabase and other greenstones, are distributed in groups throughout
the Erzgebirge. Traces of cinnabar occur in the clay slates near
Hartenstein, and ores of antimony, arsenic, and zine, are found in
numerous localities. Gold, although occasionally found in minute
quantities, is no longer systematically sought after.

Mining operations in Saxony were first carried on at Frei-
berg;! some waggoners, who were transporting salt from Halle
to Kuttenberg in Bohemia, having discovered pieces of galena
on the road, carried them back to the Harz. This accidental
discovery gave rise to mining, at what is now called Freiberg, by

1 B. v. Cotta, “ Die Lehre von den Erzlagerstiitten,” 2nd ed. vol. ii. p. 4. M. F.
Gaetzschmann, “Die Aufsuchung und Untersuchung von Lagerstitten nutzbarer
Mineralien,” 1866, p. 86. C. H. Miiller, ¢ Freiberg’s Berg. und Hiittenwesen,”
Freiberg, 1883.
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miners who, in 1160, emigrated from the Upper Harz. Mining
was flourishing in 1181, but, owing to famine and religious wars,
many of the mines were brought to a standstill in 1521. In 1540
the town of Freiberg already contained 32,763 inhabitants above
the age of eleven years, the majority of the men being miners.
Great difficulties were, however, experienced in draining the mines,
so that in 1569 as many as 2,100 horses and 250 men were
employed in raising the water. Inthe beginning of the seventeenth
century the richness of the mines was very great, and from the year
1529 to 1630, after subtracting the Government dues, they yielded
a clear profit of £487,500. The Freiberg School of Mines was
founded in 1702,

The lodes of Freiberg have been so carefully studied by B.v.
Cotta, who passed a large portion of his life in the neighbourhood,
and who may be regarded as the best authority upon this subject,
that I shall mainly confine myself to a résumé of his description
of the veins of this region.

The ore district comprises the area lying between Nossen,
Oederan, Erbisdorf, and the stream known as the Bobritzsch, con-
sisting predominantly of gneiss, but which is towards the west
overlain by mica schists and clay slates. These schistose strata are
traversed by various eruptive rocks, some of which have become
converted into serpentine. Both red and grey gneiss occur in the
neighbourhood around Freiberg, and frequently alternate with one
another in almost parallel layers. The stratification and foliation of
these rocks are nearly horizontal, but they gradually fall away in
two opposite directions so as to form a gently sloping saddle. The
red gneiss is usually poor in lodes. The grey or normal Freiberg
gneiss is a compound of orthoclase, quartz, and dark-coloured mica
with a distinctly foliated structure, readily separating it into parallel
tables. Both the red and grey gneiss may be divided into a number
of subordinate varieties, and sometimes include strata of other
micaceous rocks. The lodes, of which about 900 are known to
exist in the Freiberg district, have, in accordance with the nature
of their several veinstones, been classified as follows: —

1. Noble Quartz, or Braiinsdorf Formation,
2. Pyritic Lead Formation.

3. Noble Lead, or Brand Formation.

4. Barytic Lead, or Halsbriicke, Formation.

B. v. Cotta regards this as being also very nearly the order of
their respective ages, for, although there is little doubt that the
veins first mentioned are the oldest, the difference in age between
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1, 2, and 3, weuld appear to be very slight; if not even somewhat
variable. There can be no doubt, however, that the barytic for-
mation is the most recent. In addition to the foregoing the so-called
copper formation must not be omitted, although it can only be
regarded as a modification of the pyritic lead formation in which
copper ores happen locally to predominate.

1.—The lodes of the Noble Quartz Formation consist principally
of white quartz or hornstone, containing numerous fragments of
country rock, from which the quartz frequently radiates as from a
centre. The ores usually occur in geodes only, although, more
rarely, they are found disseminated throughout the veinstone.
They consist of very rich argentiferous minerals such as native
silver, argentite, pyrargyrite, argentiferous mispickel, tetrahedrite,
miargyrite, stephanite, and polybasite. Blende, galena, and iron
pyrites occur in very small quantities, as do also some other
minerals, such as calc spar, brown spar, heavy spar, and fluor spar,
which crystallize in drusy cavities. In addition to the foregoing,
the following minerals are mentioned by v. Cotta as occurring in lodes
belonging to this formation, namely:—Gypsum, strontianite, pearl
spar, diallogite, cerussite, metaxite, hypochlorite, antimony ochre,
valentinite, geocronite, boulangerite, zinckenite, stibnite, kermesite,
heteromorphite, berthierite, bournonite, copper pyrites, millerite,
pyrostilpnite, limonite, specular iron ore, and alabandite.

Some of these lodes attain a width of seven feet, and the quartz,
which forms the principal portion of the gangue, is always firmly
united to the country rock. Near Briunsdorf, where the lodes of
this class are most characteristically developed, they have been
found workable only in the schwarzen Gebirge, a black, bituminous
schist; they are generally barren in the ordinary mica schists.
In the vicinity of Hockendorf, on the contrary, they are not
unfrequently very rich in the grey gneiss.

About 150 lodes belonging to this class are known to exist in
the Freiberg district, among which the following may be cited as
being the most characteristic. The Verlorene-Hoffnung and Segen-
Gottes lodes of the Neue-Hoffnung-Gottes Mine near Briiunsdorf;
the Peter and Neugliick of the Alte-Hoffnung-Gottes Mine at
Kleinvoigtsberg; the Wolfgang lode of the Segen-Gottes Mine
near Gersdorf; the harder branch of the Reinsberg-Gliick at the
Emanuel Mine at Reinsberg, the softer branch of that double lode
belonging to the pyritic lead formation ; the Helmrich vein of the
Romanus Mine near Siebenlehn ; and, finally, the Gottlieb Lode
of the Gesegnete Bergmanns Hoffnung at Obergruna.
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2.—The lodes of the Pyritic Lead Formation contain various
metallic sulphides enclosed in a quartzose gangue; the principal
metalliferous minerals being argentiferous galena, blende, iron and
copper pyrites, and mispickel. In some cases ores of copper so pre-
ponderate as to give rise to what has been called the copper forma-
tion. Rich silver ores, calc spar, heavy spar, fluor spar, &c., occur in
very subordinate quantities only, and are usually found in the ferm
of crystals lining the interior of drusy cavities, where they are
evidently a more recent formation. The following other minerals
many of them of secondary origin, have been found in lodes belong-
ing to this class. Hornstone, opal, gypsum, cerussite, pyromorphite,
malachite, azurite, tyrolite, pharmacosiderite, scorodite, pharma-
colite, cobalt bloom, pitticite, copperas, nacrite, allophane, chlorite,
chrysocolla, scheelite, atacamite, stilpnosiderite, lampadite, mela-
conite, limonite, cuprite, specular iron ore, traces of cassiterite in
blende, native silver, native copper, redruthite, stromeyerite, bour-
nonite, polybasite, argentite, freieslebenite, tetrahedrite, tennantite,
erubescite, pyrargyrite, and marcasite. The outcrops of such lodes
are often much decomposed, and exhibit well-defined and abundant
gossans. This formation is most extensively developed to the north-
east of Freiberg, several lodes belonging to this class being worked
in the Himmelfahrt Mine. Among the 300 lodes enumerated by
v. Herder as belonging to this formation the following may be
regarded as characteristic, namely, the Frisch-Gliick, Gottlob,
Abraham, and Jung-David lodes of the Himmelfahrt Mine; the
Laura and Abendstern of the Neuer Morgenstern Mine ; the Jung-
Andreas of the Kronor Mine, and the Leander of the Alt-
Mordgrube.

As already stated, the so-called copper lodes are merely a
modification of the pyritic lead formation, containing, in association
with quartz, various copper ores, such as copper pyrites, redruthite,
erubescite, tetrahedrite, &c., and, as products of decomposition,
malachite, azurite, cuprite, &. The Gottlob, Franzer, and
Heinrich lodes of the Morgenstern Mines are cited as examples of
this modification.

3.—The predominating gangue of the lodes belonging to the
Noble Lead Formation consists principally of various carbonates,
especially brown spar and diallogite, associated with quartz. The
most important ore is galena, which is somewhat richer in silver
than is that of the preceding formation, and often forms the middle
layer of symmetrically formed lodes which, in addition, contain
blende and iron pyrites. These are, more frequently than in the
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pyritic lead formation, accompanied by rich silver ores such as .
pyrargyrite, argentite, native silver, stephanite, &c., and are
associated with various minerals of less commercial importance.
Among these may be mentioned hornstone, opal, fluor spar, gypsum,
heavy spar, calc spar, pearl spar, spathic iron ore, cerussite, pyro-
morphite, nacrite, cerargyrite, limonite, arsenious oxide, specular
iron ore, rutile, pitch blende, arsenic, polybasite, acanthite, freies-
lebenite, tetrahedrite, copper pyrites, mispickel, and realgar.

Von Herder has enumerated about 340 veins as belonging to
this formation, which are found chiefly in the neighbourhood of
Brand and Erbisdorf. The Traugott, Carl, Ludwig, Hiilfe-Gottes,
and Gottholder lodes of the Beschert-Gliick Mine, and the Felix and
David lodes of the Himmelsfiirst, are characterized by the presence
of diallogite and brown spar. On the other hand, the gangue of
the following lodes is more largely composed of quartz or semi-opal
with proportionately little brown spar, namely, the Segen-Gottes,
Benjamin, and Gesellschafts-Freude of the Einigkeit, and the
Beschert-Gliick of the Himmelsfiirst Mine.

4.—Heavy spar forms the predominating and characteristic
veinstone of the lodes of the Barytic Lead Formation, in which it
is symmetrically arranged in parallel layers between which occur
thin bands of galena, blende, pyrites, quartz, and fluor spar. The
centre of the lode sometimes contains large drusy cavities in which
occur the above-mentioned minerals associated with rich silver ores
and various beautifully crystallized carbonates. In addition to the
foregoing characteristic minerals the lodes belonging to this class
contain the following, namely ; agate, opal, gypsum, pseudomorphs
after apatite, calc spar, pearl spar, brown spar, spathic iron ore,
cerussite, pyromorphite, erythrine, nacrite, beryl, chloropal, cerargy-
rite, limonite, specular iron ore, pitchblende, native silver, arsenic,
bismuth, clausthalite, bournonite, stephanite, polybasite, argeatite,
tetrahedrite, copper pyrites, cobaltine, smaltine, copper-nickel,
millerite, pyrostilpnite, pyrargyrite, and realgar. Portions of
these lodes are not unfrequently found to have become brecciated
through the repeated opening of the vein fissure, and fragments of
comby veinstone which have thus become detached, have been re-
united in positions very different from those which they originally
occupied. A concentric banded structure, resulting in cockade ores,
is by no means unfrequent in these lodes, some of which are as
much as seven feet in width. The Halsbriicke vein may be re-
garded as the finest example of a vein belonging to this formation.

Von Herder enumerates about 130 veins as being of this class.
x
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The lodes belonging to these different formations do not, how-
ever, always exhibit any distinct.or characteristic peculiarities, and
in some cases their classification becomes extremely difficult, since
minerals of comparatively recent age are often found associated in
the same veins with others belonging to a much earlier period.
This may probably be explained either by a previous incom-
plete filling of the fissure, or by its having been repeatedly
re-opened.

These lodes, which are distributed in nearly parallel zones, have
been classified by v. Beust! into the four following groups, in
accordance with the direction of their strike.

a. The first group consists of a number of lodes whose strike
is from north-east to south-west, with a nearly perpendicular
dip, so that the layers of gneiss, which are almost horizontal, are
cut through nearly at right angles to their bedding. Their vein-
stone belongs partly to the Noble Lead Formation and partly
to the Pyritic Lead and Copper Formation.

b. The strike of lodes belonging to the second group is nearly
from north to south, and the dip is much less considerable than
that of the lodes above described. They form two nearly parallel
bands, the one south of Freiberg, between Striegis and the Three
Crosses, and the other between the town of Freiberg and the River
Mulde. The matrix of the more southerly group belongs princi-
pally to the Noble Lead Formation, while that of the other, on the
contrary, belongs to the Pyritic Lead Formation. Both of these in-
tersect group a at acute angles, and give rise to a local enrichment
of the ores.

¢. A third principal strike is from south-east to north-west ; the
lodes coursing in this direction nearly all belong to the Pyritic Lead
Formation, and are scattered over a considerable area between
Langenau and Freiberg. On the south-west of Freiberg they dip,
for the most part, towards the south-west, but on the north-east of
that town their dip, although almost perpendicular, is towards the
north-east. They intersect and frequently displace the groups a and
b, such intersection being often characterised by an increase in the
richness of the ores.

d. The fourth group, of which the strike is north-east and south-
west, and the dip north-west, consists of lodes belonging to the
Noble Quartz Formation, comprised within a band, fifteen miles in
length and five in breadth, extending from Nossen and Oederan to
the north-west of Freiberg. Although these lodes in their general

! v. Beust, Berg. und Hiittenm. Zeitung, 1881, p. 877,
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direction resemble those of class a, they have a very different
matrix, and their direction is somewhat more variable.

In addition to the foregoing predominating directions of strike
many of the lodes in the Freiberg district follow intermediate
courses, and therefore cannot be classified under either of the pre-
ceding groups. Isolated veins frequently occur towards the limit
of the mining field, especially in the neighbourhood of Frauenstein,
Ammelsdorf, Hockendorf, and Dippoldiswalde. Throughout the
whole district the ground in the vicinity of the principal lode-
junctions has been that most extensively worked. The whole
of the lodes in the district around Freiberg, with perhaps the
exception of those belonging to the Barytic Lead Formation,
appear to be in some way in connection with the dykes of quartz-
porphyry which traverse the gneiss of this region, and are usually
intersected by the lodes. Boulders of this porphyry are found in the
neighbouring upper Rothliegendes, while tuffs, apparently resulting
from eruptions of the same rock, are found in the lower Rothliegendes
of the same district ; it is therefore probable that the Freiberg lodes
belong, as a whole, to the period of the upper Rothliegendes.

The deepest sinking in the Freiberg district is at the Abraham
shaft at the Himmelfahrt Mine, which is 297 fathoms deep; the
average depth of the other shafts being about 165 fathoms.

In the year 1881 the Freiberg district produced 27,594 tonnes
of ore, worth £211,2211 The Himmelfahrt, the most important of
the Freiberg mines, yielded 13,235 tonnes of silver, lead, and copper
ores, worth £66,110. The Himmelsfiirst Mine at Brand produced
6,613 tonnes of ore, worth £61,164. The Vereinigt-Feld Mine at
Brand produced 1,323 tonnes of ore, worth £8,496. )

Silver ore was discovered at Schneeberg? in 1410, but the
mines were not worked until 1471, when, owing to rich dis-
coveries having been made, miners flocked in great numbers from
all sides in such a way that the new town on the Schneeberg,
in the course of a few years, numbered 12,000 inhabitants. The
richest mine was the St. George which, in 1477, yielded ore from
which twenty tonnes of silver were obtained. The yield of the
Schneeberg must, in the first thirty years, have been very large,
and from the year 1471 to 1500 it is said to have yielded more
than 160 tonnes of silver. In 1482, 166 mines were at work upon
the Schneeberg, and the ore obtained was smelted at Zwickau.

1 Jahrbuck fir das Berg und Hittenwesen im Konigreiche Sachsen, 1883, p. 19.

% H. Miiller, Cotta's Gangstudien, vol. iii. p. 1. B.v. Cotta, *‘ Die Lehre von dgn
Erzlagerstitten,” vol. ii. p 48. Jahrbuck fiir das Berg und Hiitlenwesen im Konig-
rciche Sachsen, 1883, p. 67.

X 2
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The yield of silver, however, rapidly decreased during the sixteenth
century, and the production is now insignificant. On the other
hand, the mining of cobalt ores, which were discovered in 1561,
still continues to be of some importance.

The Schneeberg consists of large masses of granite surrounded
by mica schists and clay slates. The lodes usually occur in these
rocks, but are more rarely found in granite, their strike being so
variable as to result in a perfect network of veins. According to
their composition and relative ages H. Miiller distinguished :—
1. Copper ore veins. 2. Quartz veins destitute of ore. 3. Pyritic
lead veins. 4. Barytic veins. 5. Cobalt veins. 6. Iron ore veins.
(1.) The copper veins strike N. 15° to 60° E., dip to north-west,
and contain quartz with copper pyrites, erubescite, fahlerz, &c.,
and sometimes galena, blende, iron pyrites, and arsenical pyrites.
(2.) The quartz veins strike from N. 60° to 75° E., dip from 45° to
80° north-west, and very rarely contain ores. (3.) The pyritic lead
veins strike from north-west to south-east, and dip to south-west;
they contain quartz, pyrites, blende, and galena. (4.) The barytic
veins yielded, in the fifteenth and sixteenth centuries, astonishing
riches in silver ore. They strike from north to south, dip at a
considerable angle, and contain heavy spar, fluor spar, calc spar,
quartz, silver, lead, cobalt, nickel, and bismuth ores. (5.) At
Schneeberg the cobalt veins are now the most important. They
are nearly 150 in number, and their direction is very various.
These veins contain quartz, hornstone, with, more rarely, calcite
and brown spar, also cobaltine, native bismuth, iron pyrites,
galena, pyrargyrite, native silver, and various other minerals,
some of which, particularly ores of uranium, are rare. (6.) The
iron lodes sometimes attain a thickness of ninety feet, and are
filled with hornstone, quartz, amethyst, compact hematite, and
brown and yellow iron ores. The veins occur on the borders of
the granite or porphyry and the crystalline slates. Similar lodes
occur at Marienberg, Annaberg, Joachimsthal, Johanngeorgen-
stadt, and other localities in the Erzgebirge. A. v. Groddeck
considers these lodes as typical examples of veins which contain
cobalt and nickel ore, rich silver ores, various gangues, and
numerous subordinate minerals.

The Schneeberg mines during the year 1881 produced in
the aggregate 158 tonnes of nickel and cobalt ores, of the
total value of £5902, together with 1,315 tonnes of silver ore,
and 59 tonnes of bismuth ore, worth £3,292 and £16,933
respectively.
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Mining was commenced at Marienberg?! in 1521, on a plateau
of gneiss lying between the Bockau, the Schletten, and the
Zschopau rivulets. This gneiss is traversed by veins containing
silver and tin ores, which vary in width from two to thirty inches,
and which traverse one another in such a way as to form a compli-
cated network. About 140 silver veins are known at Marienberg,
of which the gangue consists of decomposed gneiss, clay, quartz,
fluor spar, and heavy spar, which, in addition to various ores of
silver, contain copper ores, galena, blende, and ores of cobalt and
nickel. The tin veins, which were formerly worked chiefly in the
Martersberg and Wildesberg, are essentially composed of quartz
and clay in which oxide of tin is sparingly disseminated. At the
end of the seventeenth century about twenty-five tonnes of tin
were annually produced at Marienberg ; in the middle of the last
century the annual production was only 15 tonnes, from which
time up to 1850, when operations were suspended, the production
did not exceed 10 tonnes per annum. No tin was produced in
1881, but 111 tonnes of silver ore, worth £7,649, were obtained
from the Vater Abraham Mine at Marienberg.

Near Annaberg the gneiss of the Pohlberg is frequently
broken through by basalt, by which rock in some places it is also
overlain. Several silver veins occur in this locality, and many of
them bave been extensively worked. The lodes, of which the
strike is nearly east and west, are usually only a few inches in
thickness, and have a gangue composed of quartz and fluor spar,
with occasionally a little heavy spar. In these veins are found
native silver, pyrargyrite, and argentite, together with ores of
cobalt, nickel, and copper. Numerous remains of ancient tin-
streams may still be traced in the wooded district south of
Annaberg.

The Schwarzenberg district® consists chiefly of mica schists
through which protrude various masses of granite which are
generally surrounded by gneiss, and are frequently traversed
by greenstones and by other eruptive rocks. The ore deposits of
this region, now of comparatively small commercial importance,
consist of bed-like veins associated with greenstones, and con-
taining small quantities of many different ores, and of various
lodes of hamatite.

1 H. Miiller, Coita’s Gangstudien, vol. iii. p. 200. Jahrbuch fir das Berg und
Hilttenwesen im Konigreiche Sachsen, 1888, p. 84.
3 Oppe, Coita’s Gangstudien, vol. ii. p. 182. B. v. Cotta, ‘‘Die Lehre von den

Erzlagerstitten,” 2nd ed. vol. ii. p. 87, Jahkrbuch fiir das Berg und HGtienwesen,
_ 1888, p. 67.
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In the neighbourhood of Johanngeorgenstadt and Eibenstock
there are numerous veins and branches, chiefly in the granite, con-
taining iron ores with a little oxide of tin, while in the mica
schist of the Fastenberg there are veins containing silver and
cobalt. The strike of the tin lodes is very variable and their dip
in every way irregular ; their filling closely resembles granite, and
tin ore, when present, generally occurs either in pockets or in
ribbons. In addition to ores of iron and tin these veins contain
many subordinate minerals, including wolfram and molybdenite,
with occasionally galena and native gold. In the vicinity of metal-
liferous greenstones the veins of this district contain ores of silver,
cobalt, and bismuth.

The lodes producing iron ores sometimes occur singly, but are
at others associated in groups, one of the most important of
which intersects the mass of granite a little east of the town of
Eibenstock. They also frequently occur as contact deposits between
granite and mica schist, and are more numerous in the granite than
in the latter rock, which they, however, sometimes follow along its
line of strike. As subordinate minerals these veins contain various
ores of copper and bismuth, and in 1834 seams of anthracite, some-
times as much as five inches in thickness, were found extending for
a distance of nearly forty feet in a lode of h@matite at the Lorenz
Mine, at Rehhiibel. The lode at this point consisted principally of
fragments of granite, schist, quartz, hornstone, &c., embedded in
clay, and the anthracite appears to have been derived from the
adjoining mica schist which, locally, contains seams of coaly matter,
fragments of which had fallen into the vein-fissure, together with
pieces of the country rocks. The texture of these lodes is irregular
and granular, and they seldom show any indication of a comby
structure ; the wall rock is often strongly impregnated with iron
for a great breadth on either side of the vein.

In the year 1881 the Johanngeorgenstadt mines produced 2%
tonnes of bismuth ore, worth £1,933, this being the sum of the
production of five different mines.

The tin-producing district of Altenberg and Zinwald! is
situated in the Saxon Erzgebirge, between Freiberg and Teplitz.

Tin was discovered at Altenberg in 1458, and for a number of
years from 250 to 300 tonnes of metallic tin were produced
annually. The production from 1516 to 1523 was, on an average,
175 tonnes of tin per annum. This decreased about the middle of
the sixteenth century to only 100 tonnes. The Altenberg tin
! H. Miller, Berg. und Hilttenm. Zeit. 1865, p. 178 ; E. Reyer, ‘“ Zinn,” 1881, p. 6.
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stockwork is a peculiar mass of granite continuing to an unknown
depth, surrounded by quartz-porphyry, granitic porphyry, and
granite. The technically important part of the deposit is the
Zwitter or stockwork-porphyry which is a dark-coloured rock
consisting of quartz, mica, and finely divided tinstone ; in addition
to these, arsenical pyrites, copper pyrites, iron pyrites, iron glance,
wolfram, native bismuth, fluor spar, and other rarer minerals are
found in veins. As there is neither a felsitic ground-mass,
nor are any large crystals separated out, the name Stockwerks-
porphyr used by the miners is petrographically unsuitable, and the
name Zwitter (tin-stuff) is to be preferred. This rock is said to yield
from } to § per cent. of tin ore, and is traversed in all directions
by quartz veins, which contain, in addition to the minerals of the
Zwitter, molybdenite, bismuth glance, &. They also contain red
clays, quartz, and a little tin ore. The wall rock, whether consist-
ing of granite, syenite, porphyry, or other material, is always
stanniferous. These veins, often reaching a thickness of four
inches, dip at a great angle, and form groups which traverse the
stockwork and reach the adjacent porphyries and granites, where
they are worked as isolated lodes.

The production of the Altenberg and Zinnwald districts in 1880
amounted in value to £17,000. This included tin ore to the value
of £9,105 from two mines at Altenberg, and tin ore worth £53
from a mine at Zinnwald; the remainder principally consisted of
iron ores.

Geyer and Ehrenfriedersdorf in Saxony, with Platten in Bohemia,
constitute the second tin district of central Europe. Tin ores here
occur not only in granite, but also in fissures in the adjacent slates.
The stockwork of Geyer resembles that of Altenberg, being an
irregular conical mass of granite with an ellipsoidal base, enclosed
in gneiss and mica schists. In the granite there are innumerable
veins, varying from } inch to 4 inches in thickness, which form
nineteen distinct groups striking N. 45° to 60° E. and dipping
from 70° to 80° towards the north-west. They continue into the
adjacent gneiss and mica schists, with the same strike and dip.
The veins contain principally quartz, with tinstone, arsenical
pyrites, beryl, topaz, apatite, and fluor spar. Manés?! has cal-
culated that the Geyer mines produced, during the period from
1400 to 1778, 6,730 tonnes of metallic tin. No tin ore was
raised at Geyer in 1880. Ehrenfriedersdorf produced, during the
period from 1490 to 1497, from 60 to 90 tonnes of tin per

1 Mants, Ann, des Mines, 1824, p. 288.
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annum, and, from 1507 to 1520, 50 to 60 tonnes were annually
produced. In 1695, 68 tonnes were produced, and at the begin-
ning of the last century from 180 to 200 tonnes of tin were annually
raised ; in 1770 the yield was only 60 tonnes. At the end of the
eighteenth century the production decreased to 25 tonnes, and
continued between 10 and 20 tonnes until the mine was closed
in 1870.

The production of iron ores in the Erzgebirge is very
small! During the year 1881, the Neue Silberhoffnung Mine
at Schwarzenberg produced 1,380 tonnes of iron ore worth £835,
and the Rother Adler 3,608 tonnes of iron ore worth £2,128.
In the Fichtelgebirge, between Stenn, near Zwickau, and Christ-
griin, iron ores occur in association with diabase and siliceous
slates. In 1881 the Frischglick Mine at Stenn yielded 599
tonnes of iron ore worth £239, the other mines in the district
producing nothing.

The value of the total production in Saxony of ores of every
description, during the year 1881 amounted to £273,691.

SiLEsIA.*—About the beginning of the twelfth century, gold
mining was commenced with great success at Goldberg, while
copper mining at Kupferberg and Rudolstadt, and iron mining near
Schmiedeberg were begun at nearly the same time. Agricola
mentions the mines of Reichenstein and Altenberg, where a grey
pyrites was smelted for gold and silver. In Upper Silesia the
oldest mining was for lead ores at Scharley, Dombrowka, and
Beuthen; it was commenced in the twelfth century, but was
abandoned in 1363 on account of the increasing quantities of
water. Mining was resumed in 1526 at Tarnowitz, where it was
still flourishing in 1552, and in spite of the plague of that year,
the mines of the district yielded no less than 5,000 marks of fine
silver and 650 tonnes of lead. This industry was finally stopped
by the Thirty Years’ War, and was only partially resumed in 1784,
In 1860 lead mining was re-commenced at Beuthen, and in 1881
Upper Silesia produced no less than 21,084 tonnes of argentiferous
lead ores, representing a value of £154,617.3

Calamine mining at Beuthen, on which the present important
zinc industry of Silesia is chiefly founded, is of much more recent
date. In 1560, calamine was mined, roasted, and sent to Holstein
and Sweden for the direct manufacture of brass. This industry first

! Jahrbuch fur das Berg. und Hultenwesen im Konigreiche Sachsem, 1888, p. 44.
? v, Carnall, Zeitschr. Berg. Hatt. Salinenw. vol. i. 1858, p. 8. Plehch Ihid
vol. xxi. 1873, p. 202. 3 Ibid. vol. xxx, 1882, p. 182.
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became important about the close of the eighteenth century, and
in 1792 produced 900 tonnes of calamine. Upper Silesia
yielded in 1881, from fifty mines, 553,487 tonnes of zinc ore,
representing a value of £357,307, and gave employment to 9,587
workmen.!

The elevated plateau of Upper Silesia bordering, towards the
east, on Russian Poland, is covered, superficially, by deposits of
alluvium, beneath which various older formations occur in the
following order, and usually without interruption : —

1. Tertiary.
2. Cretaceous.
3. Jurassic.
Keuper Sandstone with beds of clay
I ironstone.
4. Triassic ...... Muschelkalk, accompanied by deposits of
l zinc, lead, and iron ores.
Bunter Sandstone.

5. Carboniferous rocks containing beds of spheerosiderite.
These formations extend into Poland.

The most important metalliferous ores of Upper Silesia are
calamine, galena, and iron ores in the Muschelkalk ; ironstones in
the Keuper, and spherosiderite in the Carboniferous formation.

In Upper Silesia, and in Poland, the deposits containing zinc
and lead ores are enclosed in beds of the lower Muschelkalk.
Brown iron ore forms irregular beds and nests in the limestones
and dolomites of the lower Muschelkalk, and with it are found ores
of zinc. The most important zinc ore deposits occur in dolomites
which have been deposited in troughs in the Soklenkalkstein or floor-
limestone of the lower Muschelkalk, and extend from Tarnowitz in
an east-south-east direction through Beuthen into Poland. The
upper Silesian zinc ores consist partly of carbonate and silicate of
zine, with compact blende, but principally of zinciferous brown
ironstone, zinciferous dolomite containing iron, “red calamine,”
and of zinciferous clays and floor limestone known as “ white
calamine.” In these deposits the white calamine usually forms the
lower bed, and red calamine the upper. Galena occurs, some-
times in the form of grains in the dolomite, sometimes as strings,
and at others as seam-like deposits either at the junction of the
floor-limestone and dolomite or immediately above. The thickness
of this bed is not usually more than 1} inch, but in places
it increases to 2 feet 4 inches. It is somewhat difficult to

1 Zeitschr. Berg. Hutt. Salinenw. vol. xxx. 1882, p. 176.
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account for the origin of the zinc in these deposits, but Runge! is
inclined to believe that the calamine is the result of the solution
and concentration of finely divided zinc ores originally disseminated
in the dolomite. The fact that the masses of calamine change
into compact blende as the depth increases also suggests that the
ore originally deposited was blende, which has subsequently become
converted into calamine. .

At the calamine mine of Cicile in Upper Silesia the transition
of compact blende into calamine has been repeatedly observed.
This mine, to a depth of 25 fathoms, had yielded calamine only,
while 6 fathoms deeper the ore bed was found to have an altered
character, consisting, to a thickness of from 6 to 9 feet, of calamine,
which was traversed by numerous strings of blende, and contained
large masses of this mineral which often enclosed fragments of
galena. Many specimens of ore exhibited a kernel of blende with
an external covering of calamine. In 1881 this mine produced
36,789 tonnes of calamine, 8,454 tonnes of blende, and 2,369 tonnes
of lead ore. In the Samuelsgliick Mines at Gross-Dombrowka, in
the Neue Helene Mines at Scharley, and the Marie at Miechowitz,
beds of blende, 9 feet in thickness, have been discovered.

At the Friedrich Mine at Tarnowitz the galena deposits
consist of many irregular bunches of ore, and the Tarnowitz miner
also distinguishes a hard- and a soft-ore bed. The hard-ore bed is
formed either of compact galena, usually under an inch in thick-
ness, but sometimes swelling out to above 2 feet, or of hard
dolomite containing fissures filled with compact galena. Where the
soft-ore bed, which varies in thickness from 10 inches to 2 feet,
occurs, the dolomite is divided into separate rounded blocks,
between which is found a yellowish or brownish iron ochre, which
contains galena in irregular lumps, plates, or crystals; in such cases
the dolomite itself loses its light colour and becomes brown. A
bed of brown iron ore is frequently found above the soft-ore bed.
The brown colour of the dolomite, and the formation of the
fissures occurring in it, are, without doubt, both due to the same
cause, namely, the partial solution and alteration of the rock;
the iron ochre and the brown iron ore being residua from this
process of decomposition. The soft-ore bed sometimes appears in
another form, namely, as an ochreous or bituminous clay with
enclosures of galena, as in the Trockenberg and some other
districts. The galena is often accompanied by cerussite, anglesite,
tarnowitzite, and heavy spar, the latter mineral having been found

! Runge and Romer, ‘‘ Geologie von Oberschlesien,” 1870, p. 545.
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only in a trial shaft at Stolarzowitz in beds of from 23 to 4 inches
in thickness above the floor-limestone. This heavy spar contained
galena, and was in places much disintegrated and decomposed.
At the Friedrich Mine a second lead-ore bed is known, ten to
fifteen fathoms above that descnbed ; it is, however, much more
irregularly developed.

Altogether about 40 zinc mines were workmg in 1881, of
which 25 produced more than 2,000 tonnes of zinc, 18 more than
5,000 tonnes, 12 more than 125,000 tonnes, 3 more than 335,000
tonnes, 2 more than 50,000 tonnes, and 1 more than 100,000
tonnes. 9,586 workmen were employed in these mines, of whom
5,044 worked underground.

The production of zinc and leads ores at the most important
mines in Upper Silesia was in 1881 as follows :1—

Name. Calamine. Blende. Lead Ore.
Tonnes. TPonnes. Tonnes.
New Helene (at Beuthen) . 116,754 24,724 6,287
Scharley . . . .. ... .. 55,640 — 293
Bleischarley . . . . . . . .. 31,857 16,861 1,927
Samuelsglick . . . . . . .. 12,617 38,736 968
Cécile . . ... ... ... 36,789 8,454 2,639
Marie. . . . .. ... ... 18,789 5,781 2,239
Elisabeth . . . . . . . ... 19,491 — 48

In 1881 the total production of zinc and lead ores was,
calamine 453,687 tonnes, blende 99,800 tonnes; total 553487
tonnes, value £307,307; lead ore 21,084 tonnes, value £154,617.
In Silesia in 1881 there was one copper mine, Stilles Gliick at
Jauer; this produced 7,584 tonnes of copper ore worth £2,654.
From the zinc mines of Tarnowitz in 1881, 12,608 tonnes of
brown iron ore worth £2,215 were produced, and from the zinc
mines of Beuthen 15,604 tonnes of brown iron ore worth £3,399.

The total produce of iron ores in Silesia, 7.e. Oberbergamtsbezirk
Breslau, was in 1881 as follows :—

Description of Ore. Quantities. Value.
Clay, b f Tertiary, J d K X 4
y, brown iron ores of Ter urassic and Keuper age 1 640
Brown iron ores of the Muschelkalk . . . . . . . . . . 746:612 127,012
Clay ironstone and spherosiderite of the Coal-measures. .| 15,031 4,945
Bogironore . . . . . . . . .. .00 ... 475 47
Totals . . . .| 764,479 | 132,644

1 Zeitschr, Berg, Hutt. Salinenw. vol. xxx. 1882, p. 176.
* Ibid. vol. xxx. 1882, p. 157.
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GENERAL SUMMARY OF THE PRODUCTION OF METALLIFEROUS MINERALS IN THE
GERMAN EMPIRE, INCLUSIVE OoF LUXEMBOURG, DURING THE YEAR 1881.2

Description of Ore. Quantiiies. Values.
Tonnes. Marks, 8

Iromore. . . . . ... 7,573,771 36,085,588 | 1,804,277
Tinore . . . . . . . . 164 230,293 11,515
Copperore . . . . . . . 523,696 14,329,898 716,495

ore . . . . . .. 164,770 19,240,334 962,017
Zincore. . . . . . . . 659,530 9,594,411 479,721
Iron pyrites . . . . . . 125,057 1,279,366 63,968
Silver and Gold ores . . 26,787 4,275,437 218,772
Manganeseore . . . . . 13,642 470,690 23,534
Cobaltore . . . . . . . 191 260,111 13,006
Nickelore. . . . . . . 6 1,938 97
Antimonyore . . . . . 77 16,702 835
Arsenicore . . . . . . 867 45,430 2,271
Bismuthore . . . . . . 67 245,710 12,285
Uraniumore . . . . . . 3 10,278 514
Wolfram . . . . . .. 44 12,959 648
Vitriolores . . . . . . 21,018 49,433 2,472

Total value of Metalliferous Minerals
produced in 1881 . . . . . . . . 86,148,518 | 4,307,426

THE AUSTRO-HUNGARIAN MONARCHY,

A USTRIA.

TaE Austrian Empire is rich in minerals of commercial
value, and with respect to their great variety is not surpassed
by any country in Europe. Gold, in notable quantities, is
found in Hungary and Transylvania, silver occurs in the same
countries and in Bohemia, while quicksilver, which is almost
exclusively confined to Idria in Carniola, occurs also in small
quantities in Hungary as one of the constituents of a mercurial
tetrahedrite. Przibram in Bohemia and Villach in Carinthia pro-
duce lead ores; copper ore is found chiefly in Salzburg, and iron
ores are mined in Western Galicia, Carinthia, Carniola, the Tyrol
and Styria. Tin ore is obtained only at one or two places in
Bohemia.

BorEMIA.—Both gold mining and iron mining were ex-

. tensively carried on in Bohemia previous to the Roman period,

1 From the Monatshefle fir die Statistik des Deulschen Reichs, vol. x. 1882, p. 1.
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one of the most important of the ancient gold mines having been
situated at Eule, about ten English miles south of Prague. This
mine, which is known to have been in operation in 734, is said to
have yielded in one year one and a half million ducats of gold, and
in 1145 produced twenty-four cwts. of this metal. Silver mining
began on the Birkenberg near Przibram, in Central Bohemia, in 843,
where the workings are at the present time the deepest in the world.
At Mies, near Pilsen, silver and lead were mined previous to the
year 1100, and in 1131 the town itself was founded. The mines
were abandoned during the Thirty Years’ War, but were resumed
in 1696, and continue in operation to the present time. The silver
mines at Iglau, Nellizau, and Eylau, were first opened in 1160.
In consequence of the religious wars during the fifteenth and
sixteenth centuries, mining was, to a large extent, abandoned, and
many miners removed to the Erzgebirge where, at Graupen, Geyer,
Altenberg, Zinnwald, &c., tin ores had been discovered. Min-
ing for lead and silver at Joachimsthal flourished at the be-
ginning of the sixteenth century, and, in 1516, 8,000 miners were
employed there. In the year 1518 a mint was erected in which the
first Joachimsthaler, afterwards called thaler, whence the word dollar,
was struck. The production of the Joachimsthal mines from 1516
to 1534 was more than 2,333,000 thalers, but here, as in the district
generally, mining was for a time abandoned on account of the Thirty
Years’ War. Many of the mines were re-opened in 1700, and have
continued in operation, with more or less success, to the present
time. A copper mine, which in 1616 employed 2,000 miuers, was
formerly worked at Grasslitz, but was abandoned at the end of the
eighteenth century and has not since been re-opened.

The town of Przibram!® is situated thirty-one English miles
south-east of Prague, upon a plateau varying from 1,650 to 1,950
feet above the Adriatic, which is traversed by various chains
of hills of comparatively inconsiderable elevation. There are no
documents to show when mining operations first commenced at
Przibram, but according to records preserved in the municipal
archives a concession to re-open the mines was granted in 1527,
since which period they have been continuously worked with vary-
ing degrees of activity and success.

The metalliferous deposits of this