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PROSPECTING, LOCATING

..AND..

VALUING MINES.

CHAPTER 1.
INTRODUCTORY—MISTAKES IN MINING.

Tre following pages are not intended for those who
have devoted a lifetime to mining and are educated in
the many branches of knowledge which go to make the
successful mining man, but for those who would like to
invest a portion of their capital in the business if they
felt safe in so doing, and who hold back because of
their complete ignorance of the subject; and to restrain
the over-sanguine temperaments of others, by pointing
out the elements which may militate against success.
At the same time it is believed that the prospector will
also find hints which will assist him in his « jarisome
labors, enable him to make his locations to better ad-
vantage than is now the case in a very large proportion
of thuse on record, and furnish -him with the language
in which he can intelligently describe to others what
he has found, so that they shall see it just as he does,
and be able to verify his statements upon inspection.

It is hoped that the explanations and suggestions
will, to some extent at least, prevent him from spend-
ing time and money on valueless prospects or worthless
minerals; furnish him with the means to determine
approximately the value of what he has found, and
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show him the way to develop it at the least expendi-
ture of time and labor; and enable him to see clearly
what nature has done to his advantage, or the obstacles
which have been thrown in his way.

It is not pretended that new geological facts have
been presented. Nearly all of them can be found in
the books, but theyv are scattered through many and
often expensive works, and in but few cases is there
any allusion to the practical bearing of these facts on
the interests of the miner, except in the case of coal
mining, which has a complete and extensive literature
of its own. In all these works, geology, in its relation
to coal mining, receives full attention, but it has been
otherwise with vein mining for the precious metals.
‘Where it would be impossible to put the subject matter
into better language, the writer has quoted freely from
recognized authorities, and has used some illustrations
which may almost be called common property from
the frequency with which they have been copied by
one writer after another; but a large proportion of the
illustrations are drawn from the writer’s own note-
books.

The object of the book may be best illustrated by
a few words on the causes of failure of mining enter-
prises which it is sought to avoid by calling special
attention thereto. In mercantile business, failures
arise from undue competition, depression in trade,
wrong selection of location, want of capital, lack of
business tact, want of knowledge of the trade, ete. In
gold mining, and to a certain extent in silver mining,
we get rid of the element of competition; and in gold
mining, at least, depression in trade does not -affect
otherwise than as a stimulus, but all other causes
operate in very much the same manner both in mining
and trade.

It should be kept in mind that every pound of ore
taken from a mine leaves just that much less in it, and
that the end must inevitably come at some time. In
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this respect a mine differs essentially from a mercan-
tile business which can enlarge its field of operations
year after year as population increases or facilities of
communication are improved. If the mine only yields,
above working expenses, a sum sufficient to repay the
cost of the ground, development and plant, the investor
might just as well have buried his dollars for the same
period of time, and saved labor and mental strain.
This state of affairs may easily occur even when the
mine has rich ore in sight.

It takes just as deep a shaft to open a piece of
ground 500 ft. long as if it were 2,000, but the cost of
sinking and pumping, and all expenses of corporate
management will be four times as great per square
foot of area developed in one case as in the other, and
this difference may do away with the possibility of
dividends or even the recovery of the invested capital.

Numerous cases of this kind Lhave been seen in Colo-
rado and elsswhere, where small properties which
could not stand the burdens thus imposed upon them
have proved successful when consolidated, one shaft
answering for a much larger property, thus saving the
cost of constant sinking, the expense of numerous
engines and surface hands, as well as superintendence
and office expenses.

On the other hand an enterprise may have so much
ground that the energies of the company are scattered
over too large an area, one unproductive section eat-
ing up the profits of the better ground, thus leading
to constant embarrassment; and a failure under these
circumstances may do as much to blast the reputation
of a district as if the property had been absolutely
barren throughout. _

This condition of the mine as regards its capital
renders it undesirable, if not dangerous, to experiment
with new processes of reduction. So many of these,
while eminently successful in the laboratory, when
worked on a small scale and by enthusiasts thoroughly
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posted on all the minute details, have proved so inap-
plicable on a large scale, when operated by less careful
men, that a mine cannot afford to employ them until
they have proved entirely satisfactory under all similar
working conditions. The cost of the experiments
should be borne by the projectors of the innovations;
all that a mine dare do is to pay a royalty or purchase
the machinery when it is no longer an experiment.
It is true that the improved machinery, so called,
might be a real improvement and a desirable acquisi-
tion, but on the other hand, if a failure, it would be -
only another tax on a treasury which has already its
full share of burdens.

Again, the price given for a mine may be so exorbi-
tant, or out of proportion to its development, that
while it may pay dividends for a time and apparently
be a success, the ore body may ‘‘peter out’’ before the
purchase price has been returned in the shape of divi-
dends; and failure will ensue, unless a reserve fund
has been set aside, with which to search for other ore
bodies, The disproportionate profits of the middlemen
or promoters emphasize this proposition, as in the
case of the Richmond Consolidated mine in Nevada,
which is said to have cost the stockholders $1,375,000
while the vendors received about $280,000, leaving
the promoters a clean profit of over a million dollars.
Luckily the mine repaid this enormous purchase price,
but had it not, it would have been condemned as a
failure, when it was not legitimately entitled to be
saddled with so great a burden. This was strictly
gambling, not mining. The same thing has happened
in floating the mines of many other districts, and
notably so in the case of the Transvaal—usually with
a less fortunate outcome.

A common cause of failure is in not keeping the
development of the mine ahead of its current
necessities. Such work will naturally reduce the
dividends for a time, but it is far preferable to pay
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for these developments out of the profits of the mine,
while it is prosperous, than to have to raise an asess-
ment for the purpose when it is looking poor. Those
who have tried the latter plan know the attendant
difficulties, which are especially conspicuous in the
case of mines represented by unassessable stock., To
such mines an empty treasury means almost inevi-
table death, although a little medicine in the shape of
coin might give them a long lease of life. It always
happens that there are some stockholders who will
not advance any more capital, and the rest do not
feel inclined to do so and allow the non-payees to come
in and reap the benefits; while there is no way in
which undesirable partners like the non-paying stock-
holders can be got rid of, except by foreclosure of a
judgment for an indebtedness of the property.
Another frequent source of lost money is the erec-
tion of milis or other reduction works before they are
required. Nevada is full of illustrations of this kind
of folly, which is more apt to be committed by com- .
panies than by individuals. In many cases magnifi-
cent mills were erected before the mine had been
opened even sufficiently to know if there was a mine
at all, and never dropped a stamp. Some of these enter-
prises were unmitigated swindles and seriously hurt
our mining interests abroad, so that the recovery of
confidence took years to complete. Nota few of these
mills were also utterly unsuited to the ore of the dis-
trict and were consequently valueless even for custom
use on the ore of other mines. In other cases the
mills have been too large for the property for which
they were erected, and it has been impossible to keep
them running steadily—to their injury, as machinery
deteriorates rapidly from idleness. It would seem
that few miners have any idea of the amount of ore
which even a 10-stamp mill will consume in a year.
We often hear that a mine is ready for a mill, when it
has only a shaft from 50 to 100 ft. deep, or a tunnel of
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the same length. The absurdity of this proposition is
apparent. There may of course be instances where
the outcrop is so continuously in ore that there can be
no doubt of our ability to put the mine in shape for
extraction during the time consumed in the erection
of a mill, but this is quite exceptional.

Serious troubles have also arisen from false expecta-
tions based on small quantities of rich ore, or rather of
narrow seams. If these could be taken out by them-
selves they would often pay handsomely, even when
the quantities would not warrant the erection of a mill,
but as they cannot be extracted without removing a
large quantity of waste, the cost of doing this has to
be taken into consideration, as well as the difficulty of
preventing the loss of ore by mixture with the waste,
even when carefully hand-sorted. It is not intended
to intimate that these very small veins or seams may
not be worth working, for seams of very diminutive
thickness are worked at the mines at Nagyag in Tran-
sylvania; and in some cases, as the native silver mines
of Batopilas in Mexico, the sheet of ore is so tough
that when less than an inch in thickness it may be left
standing while the drift is run alongside, and stripped
down once a week or oftener, as may be desirable. The
object is to call attention to the frequent excessive cost
of working very narrow ore seams, that due allowance
may be made and failure avoided.

Want of knowledge of the structure of the deposit
is often a source of costly errors. It is not many
years ago that the writer saw a summer’s work thrown
away by a superintendent losing the vein and not
knowing how to find it again. Starting on the vein
he apparently mistook the bedding of the rock for the
wall, as shown in pl. 6., fig. 2, and on reaching the
point B, where the ore apparently pinched out, went
off into the country rock along a small seam in the
hanging wall S. Notfinding the large ore body which
was known by its outcrop to exist ahead of the tunnel,
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he crosscut in the wrong direction at 4 toward C,
when finding another small seam he turned back on
that toward the main vein again. Had he continued
on the line 4 € he would have come out to daylight
in a direction exactly opposite to that in which he
should have sought the ore body. The tunnel was
run in hard granite under very adverse circumstances,
entailing a serious outlay of money, which must be
charged against any future profits, because whatever
is spent on a mine ought to come out of it, and at the
end of the season’s work the property was in a less
satisfactory condition than before the tunnel was run;
as many observers would naturally come to the con-
clusion that the mine was practically worthless, if the
ore seen on the surface was lost so promptly in depth.
(It has since been satisfactorily opened in the right
direction.) The same amount of money properly ex-
pended under judicious management would have taken
the tunnel through a body of ore which crops continu-
ously for several hundred feet, and would have been
extracting ore for its entire length, thus making a
profit instead of a loss, and putting the mine in shape
for stoping.

A most astonishing want of common sense in read-
ing the lesson of the outerop has caused the loss of
much time and money. In the caseof the mine shown
in pl. 12, fig. 5, the outerop of the vein occupied
the flat slope of a valley with a steep hill to the north,
and was scattered over a width of 100 ft. for a consid-
erable distance, but was not continuous, heing broken
up into little patches of varying size. The ore was
rich, and being stained with the blue and green car-
bonates of copper, was very conspicuous by contrast
with the underlying yellowish limestones. Evidently
this was mistaken for the outecrop of an immense vein
or bed, but a very casual examination showed that the
vein was only a thin film between the slates S and
limestones L, for the little gulches running north to
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the main ravine had cut through the ore in numerous
places, in all cases revealing the underlying limestone,
and showing the true character of the deposit. Thal
it was not understood was proved by the company
running the tunnel 7to cut the vein. This was started
in the foot wall and beneath the seam, and naturally
never encountered ore. Had any further proof been
wanting, nature bad furnished it, for at the eastern
end of the location, the bluffs (overlooking Death
Valley, Cal.) broke down perpendicularly for several
hundred feet, and had the vein been other than it was
it must have shown conspicuously on the face of these
precipices, which it did not. It would seem that this
idea had never occurred to the purchasers, who were
out of pocket on the transaction from $100,000 to
$150,000 in purchase money and working expenses,
while another mining failure was talked about and
nothing said of the folly of the investors and man-
agers, who would not believe the facts of the case even
when they had paid to find them out.

Again, it is only recently that a man professing to
be a mining engineer recommended the exploitation of
a bed of bog iron ore, when a casual investigation
showed that it was a deposit now forming, only a few
inches thick, limited to a few acres of marshy ground,
and did not show a few hundred feet to the westward,
where the ground breaks down abruptly in a bluff to
the seashore, consisting entirely of unconsolidated
sand and gravel. Investors in such a scheme would
have faced certain failure from the start, and would
unanimously have condemned mining as a business.

Another method of losing money is to sink or bore
for metals, coal or oil, or any other substance occur-
ring in beds or bedded veins, when nature has told
the whole story on the upturned edges of the rocks,
as shown in pl. 4, fig. 4, and pl. 3, fig. 5. In pl. 4, fig.
4, a shaft sunk at D would disclose no more informa-
tion than could be gained by walking over the country
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toward B, when the observer will pass over all the
rock strata which would be cut in the shaft, with an
immensely better opportunity of examining them in
detail and without cost. If there is anything of value
shown, as a coal seam at B, its merits can be discussed
before the expenditure of a dollar for underground
workings, and an incline could be sunk on it to greater
advantage than the vertical shaft D, at least until a
full knowledge of its character had been obtained.
This mistake has been repeated so often that every
person connected with mining must be able to recall
instances. The same might be said of a shaft at B, pl.
3, fig. 5, but at 4, in the same figure, a shaft would
be excusable. In theneighborhood of Leadville, Colo.,
the writer has seen a prospector sinking in the granite
to find carbonate of lead ore, which was an absolutely
hopeless undertaking, as can be seen by reference to
the cross section of the Leadville district, pl. 1, fig. 2,
where the granite and gneiss underlie everything and
the ore is associated with the porphyry and limestone
beds above it. The utter improbability of success
would have been apparent to the prospector had he
possessed even a smattering of knowledge of rocks and
the occurrence of ore, but his shaft was another mem-
ber of the army of failures for want of that knowledge.
To him the proposition was plain that because others
had sunk shafts and found ore at varying depths,
without any surface showing, he had just as good a
chance as they. On the other hand the want of the
necessary preliminary exploration by boring, in the
case of coal fields especially (after the presence of coal
is known), may entail loss and failure owing to the
breaking up of the beds by faults, the presence of
which would have been made evident by a proper
series of borings in each direction. The beds might
not be ‘‘faulted’’ or broken so regularly as in the
idealized cross section on pl. 1, fig. 1, which shows a
series of “‘step faults,”’” but the figure will illustrate
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the general idea. Let B, E, F and H represent bor-
ings. If only B and H have been made, the coal seam,
represented by the heavy black line, would have been
found in each, and its dip fairly ascertained, but no
indication of the faults 4 and B would have been de-
tected, unless the bore hole H had been carried down
some distance below the coal, and the works for the
extraction of c¢onal, based on these borings alone, might
be valueless for working the bed between the faults 7
and C. But if the borings had been extended over a
larger area and included others at £ and F, the broken
nature of the formation would have been disclosed and
led to a thorough investigation as to whether the
locality could be profitably worked, and if not the cost
of permanent works would have been avoided. What
has been said of coal applies to many of the gold
gravel mines in California as well.

Even if the quantity and quality of the material,
such as coal, iron ore, clay and other minerals, which
come into severe competition with each other, and
require every facility in the way of cheap labor, cheap
transportation, and an extended market for successful
production, be all that can be asked, the deposits may
be so situated with regard to the latter requirements
that commercial failure must result from their explora-
tion. André, in his treatise on coal mining, p. 80,
puts the case very clearly:

‘““But if certain clearly apparent circumstances exist
which are sufficient of themselves to show that the
undertaking cannot be commercially successful, even
if all the other circumstances should prove favorable,
it is plain to ordinary common sense that it would be
sheer folly to prosecute a search which must necessarily
be an expensive one, and which must as necessarily
end in disappointment. Enormous sums of money
have been expended in this way to the great and mani-
fest injury of all legitimate enterprise.’

Every mining man can undoubtedly recall numerous
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cases where labor has been expended on worthless
minerals which a very slight knowledge of mineralogy
would have saved. The writer has seen a shaft sunk
on a body of black obsidian (volcanic glass), under
the belief that it was anthracite coal. In another case
the men were prospecting for coal in a narrow cafion
between basaltic walls, on the strength of a few pieces
of carbonized wood in the gravel beds filling the
gorge. In another instance several shafts were sunk
on a deposit of red jaspery clay, carrying specks of
iron pyrite, the prospector mistaking it for cinnabar
on account of its bright red color, having probably
heard that cinnabar was red, without knowing that
usually it assumed that brilliant tint only when
scratched or pulverized. For years a prospector in
‘Washington spent money on and clung to the idea
that he could develop an iron mine out of a body of
clay slate, mixed with quartz and large quantities of
iron pyrite, not knowing that the sulphur of the
pyrite was a most undesirable constituent in iron,
and that there was no probability of the deposit
changing its character. Then again tin is an ever-
recurring dgnis fatuus. Recently the writer was
assured in perfect good faith by a person willing to
prove his faith by his works (if he could get some one
to join him), that he bad pounded pure tin out of the
ore in a common mortar; and another could not be
convinced that the polishing of the mortar while
grinding so-called tin ore was mnot a coating of that
metal, the iron as he called it being ‘‘galvanized!”’
Such stories lie at the bottom of many a newspaper
item, and hundreds of such wild-goose propositions
come before the mining engineer and mining men
generally every year. But many a prospector will
spend the best vears of his life on such schemes, and
not infrequently drag his equally uninformed friends
into them, for want of a little knowledge so easily
obtained.
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Yet another common source of loss is the failure to
ascertain the true value of the ore and the probable
character and quantity before erecting expensive
hoisting and reduction works. Both of these subijects
are more fully treated of in Chapter II., and mention
of them is here made only to emphasize the impor-
tance of extreme care in all these points. Just as an
ounce of quicksilver if thoroughly mixed with a ton
of sand will show its presence in every pound of the
latter on washing, so a very small amount of free gold
will make a big showing in a ton of broken white
quartz. The writer has seen a dump on which free
2old could be easily found but which gave a return of
less than $5 per ton when milled. Coarse gold ores,
though the prettiest of specimens, are exceedingly
deceptive, and extreme caution is absolutely essential
to safety. Gold is so easily extracted from the ore
when native (free) that to ask for capital to develop
prospects reported to assay $50, $100 and upward per
ton is sure to excite suspicion in the minds of those
acquainted with the subject, as with a donkey, a little
water, a few pounds of quicksilver, and a fair share of
patience and physical strength the owner of such a
prospect can create his own capital, provided always
that the assay represents the whole mass and not some
individual specimen.

Costly mistakes are also made through want of
knowledge of the way in which ore is distributed
through the vein. Experience has taught the writer
that not a small proportion of those who might be sup-
posed to be somewhat familiar with the subject
imagine that a vein has a uniform thickness like a
plank, and like the latter is made up of the same
material throughout, so that there ought to be only
two kinds of veins, those which never carry ore and
those which are continually in ore. Excessive antici-
pations and undue depression result from such views,
a diminution in thickness being never looked for on
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the one hand or an increased quantity on the other.
Probably no vein carries ore from wall to wall through-
out its entire length. The probabilties are altogether
against such a condition. The spotted character of
most ore bodies is well shown in pl. 8, which is a
copy of a longitudinal section of the Dolcoath mine
(sometimes called Wheal Dolcoath) in Cornwall, Eng-
land. The length on the vein covered by the section
is about 3,300 ft. and the depth about 2,300 ft. The
longitudinal elevation of the Comstock lode prepared
by the writer for the U. S. Geological Survey shows
vastly greater blank spaces. A want of knowl-
edge of how ore occurs in veins has ruined many a
mine. Intimately connected with this subject, which
is treated at length when speaking of the structure of
veins, is the change in the character of ore in depth
from various causes, frequently resulting in the aban-
donment of the mine on reaching the water level.
Free gold ores may change into iron pyrites of a much
lower grade, yet more costly to work, and rich copper
ores may give out entirely, being replaced by low-
grade iron pyrite carrying a small percentage of copper
too lean to pay the cost of working.

Failure may also occur from want of care in protect-
ing the interior workings, resulting in extensive caves
which may involve the loss of a shaft or an entire ore
body by mixing it with waste from the walls and
reducing its value below the limit of profitable extrac-
tion. Even outside of coal mining such accidents are
far from infrequent. Only those who have seen the
evidence of the immense power developed by the pres-
sure of large masses of earth, or even by its expansion
under some circumstances, can realize its amount or
extent. Both in coal and gold gravel mining the floor
of a drift is apt to rise up or ‘‘creep,’’ from the pres-
sure of the surrounding mass squeezing &he bottom
upward into the space made vacant by the drift or
tunnel. This occurs especially when the floor is soft
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(or as the gravel miners say, ‘‘cheesy’’). In one in-
stance in California the writer has seen a tunnel
driven through the rim, or bed rock of a gravel chan-
nel, as might be the lower tunnel in pl. 11, fig. 2, which,
when it broke through into the channel, encountered
a body of clay and gravel, so soft that it was squeezed
by the weight above into the tunnel like a huge sau-
sage, nearly as fast as it could be removed. Inanother
case of a tunnel being driven to reach some old work-
ings,the miners were furnished ‘with a grade-gauge by
which to lay the track, so that with one end laid upon
the older portion, the new sills could be put in as the
tunnel progressed, on the correct slope to connect
with the old workings. Owing to the creeping of the
bottom during the progress of the work, each set of
track timbers as it was laid was squeezed upward
before the time came to lay the following section, and
the tunnel came out much too high, and was a failure
in consequence of thus having acquired too steep a
grade.

Finally, litigation resulting from defective locations
is a fruitful source of trouble, involving a heavy tax
on the resources of the mine. Through a forgetful-
ness of the importance of determining the direction of
lode before making the location it sometimes happens
that the lode passes out of the side lines into the prop-
erty of adjacent owners, instead of extending the full
‘length of the claim, and the mine not only loses a con-
siderable length of the lode, but becomes involved in
vexalious questions of boundary lines, the litigation
over which may absorb all the revenues or even leave
the mine in debt.

Such are some of the causes which lead to failure of
mining enterprises. They will be seen to be generally
due to want of knowledge on the part of the prospec-
tor, investor and managers of the enterprises of some
special poxnt in their respective capacities. It must
not, however, be understood that all failures result
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from this cause. There are cases where circumstances
arise which could not possibly be foreseen and guarded
against, and the judgment of the very best men may
err, for we are none of us infallible; but it is desired
to show that at least very great losses might be avoided
if there were a more general understanding and appre-
ciation of the fact that to be a successful mining man
requires a combination of mental and physical quali-
ties such as few other callings demand; and that min-
ing is a business calling for special training just as
certainly as technical knowledge is essential to the
watchmaker or shipbuilder.

The present chapter has been practically a presenta-
tion of failure after failure, and these would be often
laughable if the incidents were not so pathetic. The
good faith of the men who made the mistakes quoted
as samples was unquestionable, and only intensifies
the pity felt for their misdirected energies. Fortu-
nately there is a brighter side. The presentation has
only been made out of abundant precaution. Thereis
no more fascinating occupation in the world than min-
ing; none that keeps all the faculties so fully alive,
and no sensation so pleasant as the handling of the
bullion after a successful run!—while it is not unlikely
that the percentages of successes would prove as great
as in most of the other great industries.



CHAPTER IL
WHAT CONSTITUTES A MINE.

A MmErRE bunch of ore will not make a mine; and it
may be well to examine the factors which really go to
constitute a mine. A ‘‘mine,’’ then, is any deposit of
mineral which can be worked at a profit; that is to
say, before the deposit is exhausted it must have re-
turned to the ‘‘adventurers’’ (as the owners or operators
are frequently called in England) the original pur-
chase money, the entire cost of the improvements of
every nature, and the entire cost of working the ore,
whether it be mining, milling, smelting, transporta-
tion, supplies, superintendence, or office expenses,
together with a fair interest on the money invested.
If we charge against the salable product all the ex-
penses except purchase money and plant, we arrive
at the running cost of production per ton, and if the
selling price per ton be greater than this, the differ-
ence per ton will go to the account of purchase money,
development and plant; and there must be in the
deposit at least a sufficient number of tons of ore,
which, multiplied by the profit per ton, will extin-
guish the original cost of mine and improvements, it
being supposed that repairs to reduction or hoisting
works, etc., are charged to the cost of producing and
milling or smelting the ore.

For instance, if the purchase money and original
plant cost $200,000, and the profit per ton over ex-
penses of production and reduction is $10 per ton, the
mine must produce 20,000 tons,.at least, before it can
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be called self-sustaining, and a surplus over that
amount to cover reasonable interest. If the ore be
free gold quartz, or free-milling silver, about 13 cu.
ft. in place will weigh 1 ton of 2,000 lb., so that the
cubic contents of the 20,000 tons would be 260,000
cu. ft., equal to a block of ground—

260 ft. deep by 1000 ft. long, if the vein be 1 ft. thick.
130 ft. deep by 1000 ft. long if the vein be 2 ft. thick.
65 ft. deep by 1000 fr. long, if the vein be 4 ft. thick.

or, if the ore deposit be only 500 ft. in length—

520 ft. deep by 500 ft. long, if the vein be 1 ft. thick.
260 ft. deep by 500 ft. long, if the vein be 2 ft. thick.
130 ft. deep by 500 ft. long, if the vein be 4 ft. thick:

but if the ore shoot be only 100 ft. in length—

2,600 ft. deep by 100 ft. long, if the vein be 1 ft. thick.
1,300 ft. deep by 100 ft. long, if the vein be 2 ft. thick.
650 ft. deep by 100 ft. long, if the vein be 4 ft. thick.

From the foregoing it is evident that the length of
the ore body is of immense importance, as the cost of
working a mine increases with depth at a constantly
increasing rate; and the longer the ore shoot, the
shallower will be the workings to accomplish the same
results. If the shoot be only 100 ft. long it will be
necessary to sink ten times as deep, at a heavy ex-
pense, as if it were 1,000 ft. Of course this is assum-
ing a theoretical regularity of deposit.

In order that similar calculations may be made on
other classes of ore, the following table gives the
specific gravity of the principal metals and their prin-
cipal ores; the weight of 1 cu. ft. of each, and the
number of cubic feet which will equal a ton of 2,000
1b. As the specific gravities of the ores are taken
from pure specimens, generally crystallized, they will
give, as a rule, quantities too small in the column of
cubic feet per ton, as the ores in run-of-mine are
seldom free from impurities; so that a somewhat
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greater number of feet should be assumed in making
the calculation, to be on the safe side:

SPECIFIC GRAVITIES OF METALS AND MINERALS.

Y

Specific Gravity. Weight of Number of
Metals and Minerals. cubic ft. | cubic feet
Range. Average. | Pounds. to ton.

GO e T ey o s 15.60-19.33 19.30 1206.25 1.66
Sllvers, ... s, 10.10-11.10 10.50 656.25 3.05
Silver, free ores 5.22-7.36 6.08 380.00. 5.26
ORI e etk o 9 s 5s [01s oalele SR B3 8.84 552.50 3.62
Copper pyrite.. 4.10-4.30 4.20 262.50 7.62
Copper, purple. 4.40-5.50 5.00 312.50 6.40
Copper, gray....... 4.50-5.10 4.80 300.00 6.66
Copper silicate. 2.00-2.40 2.20 137.50 14.62
Quicksilver. .. 13.58 846.00 2.36
Cinngbar..... 9.00 562.50 8.55
Lead, .7 d 11.44 715.00 2.80
Lead, galena.... 7.25-7.70 7.50 468.75 4.27
Lead, carbonate. . 5.40-6.47 6.00 375.00 5.33
Zine. ... s LSRN, ok tiaee Al 0. e 7.00 437.50 4.57
i .90 4.10 256.25 7.84
1 .00- 4.20 252.00 7.95
Zinc silicate.. 3- 3.46 216.25 9.25
Iron, cast..... v.21 450.00 4.44
Iron, wrought.. 7.69 480.00 4.17
Iron, magnetite, ..o..o..|seesnecenconesss 5.00 312.50 6.40
Iron, hematite . 4.90 306.25 6.53
Tronslimenite, ...« + v ol Shes i bl deit 3.80 237.50 8.42
Iron pyrite 5 4.83-5.20 5.00 312.50 6.40
Iron, arsenical pyrite.. 6.00-6.40 6.20 387.50 5.16
Iron, chrome.:......... 4.82-4.49 4.41 275.62 7.25
PR, A A T T R %, o v s 5 7.35 459.00 4.35
Tin oxide... 6.40-7.10 6.75 421.87 4.74
AT GRTIOTAN s aadlets v oo b 4350 | Afc Caitore ¢ S TS o8 6.70 418.00 4.718
Antimony sulphide 4.52-4.62 4.57 285.62 7.00
ANEZ S oo o8 bt Tats sistie = 8 ouiie SR o ;o 2.65 165.62 12.08
luorspar........... 3 .01-3.25 3.18 198.75 10.06
Sulphate of baryta. 4.80-4.72 4.51 281.87 7.01
WVIFOTES ST vty Sornisiess = Lelehs s alelspone s o 1.00 62.50 32.90

But as we may frequently want the weight and bulk
of ores made up of several minerals, the following ex-
amples will show how the weight per cubic foot of such
ores may be obtained :

Calculation by Bulk.—Take an ore containing say
5095 of its bulk in galena, 25% in arsenical pyrite,

8% in zincblende, and 17% in quartz.

to the foregoing table we have:

By reference
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0.50 of 1 cu. ft. of galena = 234.37 1b.
0.25 of 1 cu. ft. of arsenical pyrite = 96.881b.
0.08 of 1 cu. ft. of zinc blen(;()e = 20.50 lb.

0.17 of 1 cu. ft. of quartz = 28.151b.
1.00 2 379.80 Ib.

Calculation by Weight.—But if it be desired to
ascertain the weight of 1 cu. ft. of ore containing the
same minerals estimated by weight instead of bulk, we
can calculate the bulk of a known definite weight, say
1,000 1b., and instantly determine the weight of 1
cu. ft. by simple proportion. Out of the 1,000 1b. we
shall have:

500 Ib. galena - 468.75 = 1.068 cu. ft.
250 1b. arsenical pyrite <+ 387 50 = 0.645 cu. ft

80 Ib. zincblende - 256.25 = 0.312 cu. ft.
170 1b. quartz = 165.62 == 1.026 cu. ft.
1000 ¥ 3.051 cu. ft.

or 6.102 ou. ft. per ton. By proportion the

Galena = 0.350 of 1 cu. ft. X 468.75 = 164.06 Ib.

Arsenical pyrite = 0 212 of 1 cu. ft. X 387.50 = 82.15Ib.

Zincblende = 0.103 of 1 cu. ft. X 256.25 = 26.14 lb.

Quartz = 0 336 of 1 cu. ft. X 165.62 = 55.65 Ib.
1.000 328.00

All other combinations may be worked out by these
examples. Assuming the profit on this class of ore to
be the same as that of the free gold ore given pre-
viously ($10 per ton), it is clear that the ore body
would only have to be about half the dimensions before
quoted to secure the same results, as 1 ton only oc-
cupies about half the space of the first illustration.

Favorable Conditions.—If the mine is so located
that its product can be sold to independent reduction
works, it is plain that smaller ore bodies may be profit-
ably extracted; and yet smaller ones if the mine be
worked by the original discoverers, and the ore is of a
grade high enough to yield a margin of profit over the
cost of extraction and transportation to market, as in
the first case there are no reduction works to be paid
for out of the profits of the mine, and in the latter
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case, neither reduction works nor purchase money.
Any ore body fulfilling these conditions may properly
be called a mine, and it is such that the prospector is
looking for.

Mining Compared with other Business.—Only an
exceedingly small proportion of the locations made
ever develop into mines, probably not more than one
in a hundred. On the Comstock lode, out of several
thousand locations on record, less than fifty had any
large amount of development, and still fewer ever paid
dividends; yet the gross product of bullion from the
comparatively few active mines was enormous. Simi-
lar conditions hold good in most other mining camps;
but it is likely that the percentage of success in min-
ing enterprises is fully as great as in almost any other
line of business—-certainly as great if the same amount
of care has been exercised in selecting the property as
is usual in opening a new store or hotel. But the
miner must always remember that while the business
of the store may expand indefinitely, he is from the
very start living on his capital (the total amount of ore
in the mine), and that this diminishes daily the more
rapidly as the output is enlarged; while after reach-
ing its extreme productiveness the later stages of a
mine are merely like realizing on the assets of a fail-
ing business.

Varvarion oF MiNiNne Properry.—The value of min-
ing property is therefore not to be estimated by the
amount of the dividends it may be paying at any par-
ticular time, but by the number and value of the divi-
dends it will be able to pay in the future.

Relation of Profits to Price.—Thus, because a mine
has just paid an annual dividend of $1,000,000,
it does not follow that the mine is to be valued at
$10,000,000 (which would make the dividend equal to
109%), because it can only be worth that figure to pur-
chasers for investment if it is able to disburse that
amount or over in dividends in the future with a fair
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interest on the investment in addition. If the divi-
dends were distributed over ten years at the rate of
$1,000,000 per annum, the investors would just receive
the original amount paid without interest, so that if
the investors are to receive interest at the rate of 109
on the money invested, the mine must pay another
$5,500,000 in dividends, making $15,500,000 in all,
to be worth $10,000,000 as an investment.

But it might be that the mine had reached its maxi-
mum productiveness when it paid the million-dollar
dividend, and the ore bodies in sight began to show
signs of exhaustion. In such a case the extreme value
to an investor would only be the actual profit on the
exposed reserves, which might be small.

The chance of finding new ore bodies cannot be
expressed in figures. One of the great sources of dis-
appointment in mining enterprises is the over-estima-
tion of mining values, mistaking capital for profit.
Another is the payment of unjustifiable prices, not
only for properties with considerable development,
but for holes in the ground or mere naked locations.
It is true that very often the purchaser expects to sell
again at a profit and not to work the property, but
then he has removed his dealings from mining to the
realms of speculation, and has no reason to grumble if
failure follows the change.

Ore “‘in Sight.”’—Practically the value of a mining
location is the net profit on the ore exposed. If there
is any promise in the surroundings of a future to the
location, this definition might possibly be enlarged to
the gross value, the purchaser looking to developments
made with his own ecapital for reimbursement of the
original investment and profit. The value then of the
majority of original locations is very small. Many of
them are absolutely valueless, being made upon a mere
stain or a slight difference in the color of a certain
streak or layer of rock, or the presence of a little iron
pyrite in a particular seam;, which only means that



22 PROSPECTING AND VALUING MINES.

there has been decomposition of some of the horn-
blende or allied mineral contained therein. If, how-
ever, there is actually valuable ore in sight, this must
be carefully measured for length and breadth, and if
these measurements show a continuous workable body
the price of the location might possibly be the value
of this ore to a depth of a few feet, according to the
width of the ore exposed.

The situation is improved by the sinking of a shaft
or the running of a tunnel, but a single shaft does not
prove the existence of much ore. It simply shows its
presence at that particular point to a certain depth
and the quantity in sight will be the two triangles a
and b in pl. 13, fig. 1, multiplied by the average thick-
ness. If two shafts have been sunk, as in pl. 13,
fig. 2, we can call the shaded portion ‘‘in sight.’’ If
the development be a shaft with drift from the bottom,
as in pl. 13, fiz. 3, we can still only consider in sight
the portion shaded, with a probability of more because
of the ore in the bottom of the drift c. The same will
be the case if a tunnel is run on the vein as B in pl.
13, fig. 4, but if the bottom of the shaft 4 is in ore
and the face of the tunnel B also, part of the block D
may be added to the probable reserves (unless the ore
is growing smaller in width), though it cannot be con-
sidered actually in sight, by which we understand a
block of ground exposed on all sides, as in pl. 13, fig.
5, where the blocks £ FE are actually in sight and
DDD can be added as probabilities, along with an
unknown quantity below the lower drift at #. In all
the foregoing examples it is supposed that the outcrop
is the extreme workable length of the ore, and that
none of the underground workings have been run out
of ore, so that we have no means of judging whether
the ore body is holding its own in size, or increasing
or diminishing; butif the explorations have developed
the facts shown in pl. 13, fig. 6, we can afford to be
liberal in the estimate of the probable reserves, as dis-
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tinguished from ore in sight (shaded), because it is
evident that the ore body is not at present diminish-
ing in horizontal length, and may therefore be exten-
sive in depth. If, on the contrary, the result has been
as shown in pl. 13, fig. 7, we must be exceedingly con-
servative, as the ore body is evidently pinching out
dewnward as well as laterally.

It would be easy to extend these illustrations, but
enough has been said to show the basis on which esti-
mates of quantity of ore in sight in a mine are arrived
at, and also to show that work is the only thing which
can give value to a location. Because a prospector has
been able to make two or three locations or more, in a
season’s work, it does not follow that they are actually
worth the time spent in securing them. The value of
an article is not the price paid for it, or its actual cost
to the owner. The price paid may have been out of
all proportion to the value, or the actual cost of the
article may have been so reduced by improved ma-
chinery that it can be bought for a mere fraction of
the sum paid for the original production. So the
value of a mining property is not to be estimated by
what it has cost the parties offering it for sale, but by
the profit it will realize to the purchaser.

Grade of Ore.—But even a large body of ore may be
valueless if the cost of extraction and reduction equal
or exceed the value of the metal extracted from the
ore; nor does it follow that, because ore of a certain
grade has been profitably worked in one mining camp,
this will hold good for all others, as the conditions
vary so widely. If everything in the shape of sur-
ronndings is favorable, a very low-grade ore may prob-
ably yield a profit, while in another camp a much
richer ore may bring the miners into debt.

Sampling.—Where no work has been done on a loca-
tion which shows enough of an outerop to justify a
more extended examination, we can simply sample the
croppings thoroughly to ascertain which portions of .
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them carry mineral enough to be valuable, and the
character of this mineral, because it is seldom that the
outcrop is of uniform value throughout its length.
This is not done by taking small hand samples here
and there, for the most honest man is not honest
enough to be able to select a fair average in such a
way. A clean cut across the entire width of the pay
streak should be taken at stated intervals, to avoid the
interference of the judgment, or the deception of the
eye, and each of these samples should be thoroughly
broken on a ciean floor, mixed, spread out in a thin
sheet and quartered. One of these quarters should be
broken still finer, remixed and again quartered. Tkis
will probably bring the sample down to such a size
that its entire mass can be ground to coarse “‘pulp.”’

Assaying.—From this pulp samples should be fur-
nished to two independent assayers, retaining the
balance for further tests should there be much differ-
ence between the results obtained from the assayers
(between whom there can be no collusion, as the look
of the pulp will not betray any peculiar external char-
acters of the ore by which its identity might have been
suspected). To furnish both assayers with the same
pulp is also fairer to the assayers, because they are both
placed on the same footing, which is not the case when
a piece of ore is broken into two pieces and one-half
given to each (except in a few exceptional cases), as
there may be sufficient difference in the composition
of the two pieces, especially in a complex ore, to war-
rant considerable discrepancies in the results obtained,
which would naturally throw a shadow of doubt upon
the entire investigation. In gold ores this is very
liable to be the case. A small sprinkling of telluride
of gold (looking like lead) might run one specimen up
into the thousands per ton and the other give only
tens. Care should be taken to distinguish between
mere specimens and true average samples.

In this way only can reliable results be obtained,
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but if the ore prove to carry much gold, even then
they will not be entirely satisfactory, nor will they
indicate the true commecreial value of the ore unless
determination of the nature and quantity of undesir-
able mineral constituents be made, if such are sus-
pected from examination of the ore as taken from the
vein.

When gold is found only in combination with other
minerals it is usually disseminated through them in
such fine particles that the distribution is compara-
tively uniform and an assay will be satisfactory, in so
far as the amount of gold in the ore is concerned; but
when a portion of the gold has become free, or liber-
ated from the associated minerals (as the various forms
of pyrites) by the decomposition of the latter, or still
more so when a portion of it has never been in com-
bination, but is scattered through the mass in particles
of varying dimensions, the assays will be in all prob-
ability valueless, because they may accidentally
include quite a large piece of gold (comparatively
speaking), and this multiplied by the thousands of
times which an assay sample is contained in a ton
would give very high results, while the next sample,
not containing such a piece, may only show very small
or insignificant returns. This may easily occur, as
the gold cannot readily be ground fine enough to pass
through the sieve with the other pulp, but must be
mixed with the pulp after it is ground, and thus the
chance of getting a fair average sample is exceedingly
small.

Horn Spoon.—Every prospector should carry a horn
spoon, made by cutting off the belly of a large cow’s
horn and polishing the inside with sandpaper, as in
pl. 13, fig. 8; or he can obtain an iron one of the same
shape, but having one-half galvanized to better show
black ore minerals. Such a spoon can be carried in the
pocket, and if the presence of free gold in the ore be
suspected a few minutes will suffice to grind up a
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sample on a smooth flat rock with a small hand stone,
and wash it out in the nearest water hole, which can
be very much smaller than is required for the gold
pan, a bucket or even a wash basin being amply large
enough. The very finest colors may be detected by
this method. If any are found, a sample large enough
to secure a fair average should be taken, and the
entire mass reduced to pulp. All screenings which will
not pass through the sieve should be saved until the
process is complete, and then returned to the pulp, the
weight of which while dry should be carefully ascer-
tained. The pulp should then be mixed with water,
adding sufficient quicksilver to amalgamate the free
gold, and thoroughly worked over to insure complete
contact of all the gold with the mercury. The amal-
gam thus obtained may be reduced to a button with
the blowpipe, care being taken not to inhale the mer-
cury fumes, and then by simple proportion the amount
of free gold per ton may be ascertained with reason-
able accuracy, if the average of several tests be taken.
Thus, if 5 1b. of ore contain 25¢., 2,000 1b. will contain
$100. -

Segregating Ore Minerals.—An assay of the pulp
which is left will give the amount of gold in combina-
tion with the ‘‘sulphurets’’ per ton, and the sum of
the two the total value of the ore. Also, by washing
out the sand the percentage of sulphides per ton of
ore may be ascertained, and an assay of these concen-
trated sulphides will give the value of the concentrates
per ton, and enable us to formulate a plan for their
reduction. But if the ore contains a number of min-
erals, such as iron pyrite, arsenical pyrite, zincblende
and galena, we cannot, decide on the best method until
we have ascertained, by assay of pure samples of each
of these minerals separately, which it is that contains
the gold, or whether it occurs in all of them indis-
criminately.

In the case of smelting ores, such as galena com-
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bined with zincblende, for instance, the presence of
the latter being detrimental to the process, it is espec-
ially desirable to know whether the blende carries any
appreciable amount of the precious metals contained
in the ore, as the difference in the specific gravity of
the galena and blende is so great (7.5 to 4.1) that the
latter can be easily separated from the former during
the process of concentration, and if valueless except
as zine, might be thrown away as a waste product, or
reserved for separate treatment if in sufficient quantity
to warrant such a course.

If the gold is largely in combination with iron
pyrite or other minerals which are easily decomposed
by exposure to the action .of air and water, the out-
crop may yield a good showing of free gold in rusty
quartz, stained by the oxide of iron derived from the
pyrite, which may suddenly diminish in quantity
when the permanent water level of the mine is reached,
below which a large portion of the gold may be in
combination with the unaltered sulphides. Usually
such gold is very fine, almost if not quite like flour,
but occasionally, as in iron pyrite from the slates
near Fiddletown, Cal., the threads and crystals of gold
may be readily seen, and felt projecting from the
polished faces of the large cubes.

Special Cases.—In the case of ores containing native
copper, the plan of taking a number of pounds and
working it in the same manner as free gold is the only
practicable way of getting fair results, and the same
remark applies to those carrying native or horn silver,
in fact to all ores containing minerals which will not
pulverize and pass through the sieve; but ordinary
assays are applicable to all other ores, provided care
has been taken in preparing the samples by having
them large enough and thoroughly mixed, so as to
secure average results.

Working Tests, Mill Runs, etc.—As work pro-
gresses, the accuracy of the results first obtained may
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be tested to some extent by actual working methods.
The facility and cheapness with which this may be
done depend upon the nearness of reduction works of
a suitable character. High-grade ores can be shipped
over trails on mule-back, to works at long distances
from the mines, and even if the expenses consume all
the returns the experiment will be worth the cost; but
low-grade silver ores cannot be handled in this man-
ner.

Arastra.—In the case of low-grade gold ores, in
which the gold is free, which will not bear transporta-
tion for long distances, good working results may be
obtained from an arastra built on the ground, as it
occupies only a small space and consumes but a small
amount of water. The arastra consists simply of a
circular floor made of large flat rocks carefully laid so
as not to leave crevices of too large a size between
them, inclosed by a low stone wall of suitable height,
say 2 to 3 ft. In the center is erected a vertical
spindle supported by a cross frame, to which spindle
is fastened a long horizontal shaft, and beneath the
latter cross arms to which large flat stones (‘‘drags’’)
are fastened by means of short ropes or chains. 'When
a horse or mule is attached to the long shaft, and
driven round in a circle, the cross arms drag the rocks
attached to them around, and crush any ore which
may be fed into the machine between themselves and
the floor. Of course the amount worked daily will
depend on the size of the arastra, and the softness or
hardness of the ore, but it will do its work well and
give a fair working test.

Utility of Tests.—By keeping the ore extracted from
each 10, 20, or 30 ft. of the shaft or tunnel by itself,
and working or shipping the batches separately, the
miner will soon learn which portion of the ore body is
the richest, and also whether it is fairly uniform in
value, or changes frequently within short distances. A
few such tests will soon determine the question
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whether it will pay to build a road to the mine, for
the cost of such a road will ultimately have to come
out of the mine.

Roads.— Without roads no heavy machinery can be
gotten to'the mine at anything like reasonable cost.
Mining roads are often very costly enterprises owing
to the rough and broken nature of the country which
they must traverse, and the want of them not infre-
quently greatly retards the development of otherwise
promising mining districts. As all the locations in a
new district must share equally in the benefits derived
from a main road placing them in ready communica-
tion with the outside world, the cost of the trunk road
should be raised by an assessment on each location,
made, by action of the mining laws of the district, a
requisite to a legal title to the location. The lateral
branches to the individual mines would naturally be
built by the mines at their own cost. A mine opened
by tunnels only will of course not feel the necessity of
roads so promptly and keenly as one which is com-
pelled by the nature of the ground to resort at once to
shaft-sinking, as the former will be able to get along
with packages which need not exceed a mule-load in
weight, except in the article of timber, but all require
the roads sooner or later as a matter of economy even
in provisions and supplies.

Pranxnine Repuction Works.—Having then become
satisfied that the ore body is large enough and rich
enough to pay for its extraction, the character and
size of the reduction works remain to be determined.

Smelting.—Should it be decided that the ore will be
best reduced by smelting, it is doubtful whether the
mine would be justified in erecting its own works,
unless it is situated where purchases of various other
ores can be readily made in considerable quantities, as
few mines produce ore which may not be worked to
greater advantage by admixture with other ores which
can supply its deficiencies without adding barren
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material to the charge in the furnace. Ores rich in
gold and silver, but poor in lead (usually called ““‘dry’"
ores), may require rich lead ores to flux properly; or
ores with an excess of silica (quartz) may require the
addition of lime or iron-bearing ores to accomplish the
same result. It is from this circumstance that the
great smelting centers, such as Denver, Swansea, etc.,
have arisen, which purchase everything which may be
offered, and mix and work the ores to the best advan-
tage; each class of ore being kept separate in the yard.
A furnace charge may thus be made up from four or
five different kinds of ore, from widely separated locali-
ties, the more refractory ores being added in small
quantities to those which work more readily.

Concentration.—1t often happens in a vein that on
one of the walls there may be a streak of solid mineral
suitable for shipment as it comes from the mine, with
no—or only slight—sorting, while the balance of the
vein is filled with material in which there is so much
waste as to render this impracticable; or the entire
vein may be of this character.

If the distance from the mine to the smelting works
is great, and especially if any considerable portion of
it be only trail or wagon road, it may not pay to send
these poorer ores, as the whole expense including trans-
portation might very likely more than equal the prod-
uct. Such ores must be dressed to better grade by
some method of concentration (usually by washing,
more rarely by air or magnetic separators) if the re-
sulting concentrates are rich enough to bear the cost
of transportation; otherwise they may be valueless
until the conditions of transportation are modified.
Concentrates consisting largely of galena or heavy sul-
phuretted silver ores may go to the smelter, but those
made up almost entirely of iron pyrites, such as are
obtained from many gold ores, may be retained at the
mine, and worked by chlorination, if the daily prod-
uct be large enough to keep a small reverberatory fur-
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nace for roasting in steady operation. These pyritous
ores may also be made into a commercial product by
matte smelting.

The capacity of the concentrator shou]d be propor-
tioned to the output of the mine, just as the size of a
stamp mill is determined by the same factor, and this
output will depend on the size of the ore body and the
condition of the development.

Ore Supply Needed.—We frequently hear of a mine
being ready for a mill when it has nothing more than
a shaft 50 to 100 ft. deep, or a short tunnel on the vein.
As an approximation we may say that a mine should
produce 1 ton of ore daily for each of the men em-
ployed around it, including blacksmiths, carpenters,
carmen and outside help. There are of course mines
where better than this is done, but these are excep-
tional. We must therefore have room enough in the
mine for a considerable number of men to be engaged
n ‘“‘stoping’’ ore and this involves a number of drifts
or stopes, even for a small mill. If very active develop-
ment is going on and the ground is easily worked,
there might possibly be sufficient ore extracted from
the face of the various headings, sinkings or upraises
to keep a small mill going; but to depend on these
would be bad policy, for the ore in several of them
might “‘pinch’’ at the same time, and shut the mill
down. - Indeed, a mill should not be built until the
ore body has been so thoroughly explored that it may
be perfectly adapted to the requirements, both as
regards size and character of equipment, as although
it may be possible to find the money for experiments
or mistakes, they must all ultimately be paid for by
the mine and diminish the profits.

Calculation of Tonnage Mined.—To enable the pros-
pector or miner to form a quick estimate of the
amount of ore which he may be extracting daily from
a drift, the following table will be found useful.
Three kinds of ore are given as types. First, prac-
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tically clean galena; second, a concentrating ore; and
third, ordinary gold quartz ore or free-milling silver
ore, meither of which carry much heavy mineral.
The yield in pounds is for 1 running foot of a drift 7 ft.
high, and this figure multiplied by the number of feet
run daily will give the daily yield in pounds, provid-
ing there be no waste in saving the ore, as is usually
the case in small seams, which are difficult to take out
clean, especially if the ore is brittle or friable.

DAILY ORE EXTRACTION PER RUNNING FOOT; DRIFT 7 Fr.
HIGH; VEIN VERTICAL.

Weight Thickness of Ore.

Class. per cubic -
foot. |3in. |6in. |9in. |1 ft. | 2 ft. |3 ft. | 4ft.

820 | 1641 | 2461 | 3283 | 6566 | 9849 | 13132 lbs.
0.41 | 0.82 | 1.23 | 1.64 | 3.28 | 4.92 | 6.56 tons
574 | 1148 | 1722 | 2206 | 4592 | 9888 | 9184 lbs.
0.29 | 0.57 | 0.86 | 1.15 | .30 | 3.44 | 4.59 tons
200 | 581.1 871 |11.62 | 2424 | 3486 | 4648 lbs.
0.15 | 0.29 | 0.43 | 0.58 | 1.16 I 1.74 | 2.32 tons

The principle used in this table may be applied also
to sinking shafts, thus: multiply the area of the work-
ing face (if ‘all ore, otherwise the area of ore seam
only) by the number of feet sunk daily, and this by
the weight per cubic foot in the table. For instance
if we sink 3 ft. daily on a 2-ft. vein and the shaft is 10
ft. long, then 10 X 2 X 3 X 328 = 60 cu. ft. X 328
— 9.84 tons, for ore of the second class; or if a drift
be 6 ft. high on a 2-ft. vein and we run 2 ft. daily, we
have 6 X 23X 23X 828 = 24 cu. ft. )X 328 =3.93 tons.

To assist also in forming an estimate of the most
desirable size for a mill, the next table will be found
useful, being applicable also to the required capacity
of a concentrator.

The duty of a stamp varies greatly according to its
weight, the height of the drop -and the number of
drops per minute, the hardness of the ore to be
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crushed, the fineness of the screen through which the
pulp must pass to escape from the battery, and the
height of the discharge. In the case of many gold
ores, in which the metal is very fine and the rock
hard, 1} tons per stamp may be a fair day’s work (24
hrs.), but when the rock is softer, or the gold coarser,
it 18 not necessary to use so fine a mesh, and the duty
may run up to 2 tons daily; while if the working of
the ore is to be finished by grinding in pans, or the
ore is exceedingly soft, a mill may crush still coarser
and pass 2} tons or over under each stamp in 24 hrs.
The table is therefore arranged for each of those three
capacities, and shows the amount of ore crushed an-
nually, its contents in cubic feet and the area of the
vein which would be extracted at various thickness.
It is based on the ordinary gold quartz or free-milling
silver ores (such as the ores of the Comstock), and 13
cu. ft. in the mine are considered to be a ton, as the
result of determinations made on that lode; and 300
days actual running time in the year. If the mill
runs more steadily the quantities must be proportion-
ately increased.

CAPACITY OF A 10-STAMP MILL.

SolE g E Consumption Consump. per annum
Tl ) 2 g‘ per diem, (300 days.)
Class Ore E = 35 & gﬁ o = a x 3
o
B s 5 tons. | tons. | tons. || tons. | tons. 2% tons.

15 20 25 || 4,500/ 6,000 7,500 Tons.
195 | 260 | 325 ||58,500|78,000(97,500 cu.ft.
30 40 50 |{ 9,000/12,000{15,000 Tons.
195 | 260 | 825 {(58,500/78,000(97,500 cu.ft.

AREA OF VEIN EXTRACTED ANNUALLY.

Duty of Stamp. Vein, 1 ft. l Vein, 2 ft. l Vein, 3 ft. Vein, 4 ft.
Tons. P, S Ft. Ft. Ft.
1165 33w % sisims o iE s B 585x100 202x100 195x100 146x100
R LR T 780x100 390x100 260x100 195x100

LT B DT 975x100 488x100 325x100 244x100
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The mixed ore is merely given as an illustration.
In fact, as a concentrating ore, it would more likely
be treated with rolls or other crushers than with
stamps, the object in concentration being to keep the
crushed ore in as large grains as possible, as the diffi-
culties of concentration and percentage of loss increase
with the fineness of the pulp.

The table itself requires but little comment. While
made up for only 10-stamps it can be modified to apply
to any desired number—but it emphasizes very
strongly the desirability of long ore bodies, as it is
evident that to get a year’s supply from a tunnel on a
vein 1 ft. wide, with a rise of the surface on the hill of
1 ft. in 2, we should have to follow the ore 484 ft.
into the hill, and upwards 242 ft. to the surface at the
end of the tunnel, as in pl. 13, fig. 9. If the ore
shoot were only 200 ft. long we should have to sink on
it or run another tunnel, either course involving an
extra amount of dead work. If 100 ft. long only, we
should have to sink 585 ft., attaining a depth of nearly
2,400 ft. in four years. If 200 ft. long, we should
sink 1,200 ft. in the same time. As the cost of sink-
ing and working main shafts is the heaviest item in
mining, the length of the shoot, as before stated, is all
important.

Racks.—In no case should the outerop be consid-
ered immediately available ore. About 50 ft. in
depth, or at any rate a sufficient thickness to avoid
caving, which will depend on the width of the vein
and the condition of the walls, should be left as a pro-
tection to the mine from surface water, for if the ore
be extracted it is sure to leave a depression into which
the snow and rainfall will drain, and find their way to
the lower workings, to be subsequently pumped out at
a heavy cost. These croppings will always remain an
available asset, and should be the last thing taken out
of the mine.

DxriniTioN oF A ‘‘Mine.”’—To sum up then, a mine
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is a body of ore of sufficient size and richness to repay
all costs of purchase money, erection of all necessary
plant, dead work, extraction, transportation and re-
duction, with good interest on the capital. Success
will depend largely on a thorough knowledge of the
sizo of the ore body as regards length, depth and
thickness; the true character and composition of the
ore; the adaptability of the hoisting and reduction
works to the requirements of the property; careful
management by thoroughly competent men well up in
the business; avoidance of mistakes and experiments,
severe pruning of all unnecessary expenses, and the
treatment of the mine as a business undertaking, and
not as a gambling proposition.



CHAPTER III.
ROCK-FORMING MINERALS AND ROCKS.

It is not proposed to go further into this subject
than to furnish a condensed outline of the composi-
tion and structure of the principal kinds of rocks,
those most commonly met with in connection with
mineral deposits, so that the prospector may be able
to recognize the most important of them. To describe
all the different varieties would require a volume, and
would be of no special benefit in this connection, as
the distinctions are frequently founded on the pres-
ence of some minerals of difficult recognition and
quite secondary importance, and the descriptions
would necessitate a much more extensive knowledge
of mineralogy to make them intelligible than it is
necessary for a miner to possess.

ROCK-FORMING MINERALS.

The principal minerals which make up the bulk of
the rock formations are very few, and we shall find
that when able to recognize quartz (or silica), feldspar,
mica, hornblende and angite, there will not be much
difficulty in giving a rock a name. Some of these
names may really apply to groups of rocks, but in
such cases the name of the group will be close enough.
It is the different ways in which these five minerals
are combined that distinguish the igneous rocks from
each other; and it is the predominance of one or the
other in the secondary rocks (or those which have been
made out of the wear and tear of the igneous series)
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which imparts to these secondary (or sedimentary)
rocks their peculiar characters.

Granite consists of quartz, feldspar and mica; sye-
nite, of crystallized fedspar and hornblende; and
basalt of feldspar and augite, with chrysolite or olivine,
so that with specimens of these three recks before us,
or even in some cases with granite and basalt only, we
are ready to study the characters by which the min-
erals are to be recognized. The basalt used for refer-
ence should not be so fine-grained that its constituent
minerals are indistinguishable to the unassisted eye.

Quartz is the glassy portion of granite which cannot
be scratched with a knife. It erystallizes in the well-
known form, the separate crystals being always six-
sided prisms, terminating in a rather blunt pyramid
with six sides or faces; so that the description will be:
crystallizes in six-sided prisms (hexagonal) with six-
sided pyramid for .a termination; color, sometimes
tinged with pale smoky or rose color, sometimes violet
as in the amethyst, usually colorless and transparent
or milky white; luster, vitreous (glassy); hardness,
cannot be scratched with a knife, and itself scratches
feldspar, glass, etc.; notacted on by sulphurie, nitric
or hydrochloric (muriatic) acids.

Feldspar is the white portion of granite which can
be scratched with a knife. There are numerous varie-
ties of feldspar, distinguished by their having either

" soda, potash or lime as one of their constituents in
addition to the silica and alumina which are the essen-
tial ingredients, but it is not easy to give differences
which would be easily recognizable by the beginner
in the study. The ecrystallized forms are usually
white, more or less inclined to be transparent or trans-
lucent in new fractures, but often weathering to a
milky white. The feldspars in granites vary in color
from white through pink to dull red, and often occur
as seams of varying width running through the body
of the rock. These seams are inclined to break into
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squarish fragments, showing the tendency of the
crystals of this variety to have only four sides.- In
many of the porphyries almost the entire mass is
feldspar, the body of the rock being a kind of paste
of uncrystallized feldspar, colored various shades of
brown, green, pink, red, and purple, with scattered
crystals of white feldspar, or transparent quartz, im-
bedded in the paste, giving to it a spotted look. On
decomposition of rocks largely composed of feldspar
we have a series of clay formations, just as granites
yield sand and sandstones.

Maca is the mineral which in thin plates is often
wrongly called isinglass (which is fish glue). In color
it varies from colorless or white to black, through
various shades of gray, brown, yellow, green and
violet, the commonest colors being white, yellow, dark
brown, dark green and black. While sometimes
found in crystals of large size, they usually are quite
small. The crystals are flat, six-sided, and invariably
split into extremely thin plates parallel to the base of
the crystal. When broken across the crystal, as is
often the case in a rock fracture, the characteristic
six-sided form may not be visible, but the thin plates
separate easily into a brushy edge. These plates are
elastic and can be bent considerably without break-
ing, by which character the white varieties of the min-
eral can be distinguished from the crystallized varieties
of gypsum, which are also white and transparent and
split into thin plates or lamingz, but are brittle and
break easily on bending. They are also destroyed by
the action of heat, whereas mica is practically infusi-
ble at ordinary temperatures, and is therefore used for
stove fronts, etc. 'When a rock is broken the crystals
may show with the flat side up, when they will appear
as in a, pl. 13, fig. 14, but if the fracture cuts through
the crystal the shape may be like b in the same figure,
the edges of the thin plates showing distinctly. The
colorless or white mica is called muscovite; the brown
or black variety, biotite.
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Hornblende occurs usually in small crystals, gen-
erally black or greenish black. It is harder than mica
and does not split into thin layers, which fact can be
determined by the use of the knife. It very frequently
crystallizes in little square columns like ¢ in pl. 13,
fig. 15, and sometimes in six-sided ecrystals, which
may, however, be easily distinguished from mica by
having two of the opposite sides much wider than the
others, as in b, pl. 13, fig. 15. Hornblende is not
always ecrystallized. It often occurs in greenish or
blackish masses with a fibrous or radiated structure,
sometimes forming a rock almost by itself (horn-
blende rock) and grades down into asbestos, which has
practically the same composition, and is only one of
the uncrystallized forms of hornblende, of which
there are many minor varieties, just as there are of
mica.

Augite is similar in appearance to hornblende,
except that the crystals in cross section show eight
sides, as in pl. 13, fig. 16, and is much less important
than hornblende to the student of rock composition,
until he has made some progress. We have thus
two usually pale or white minerals, and three dark
brown, greenish or black minerals to deal with,
and a very small amount of practice will enable
anybody to pick them out easily. The knife will
tell the difference between quartz and feldspar,
‘ but mica, hornblende and augite are easily scratched
with the knife, giving a colorless streak, and the dif-
ference between the three minerals must be determined
by the shape of the crystals.

Many other minerals are associated with these, as
small grains of magnetic or titanic iron in granites,
forming the ‘‘black sand’’ of the miner ; but they are not
essential constituents, exceptin afew cases. Garnets,
tourmaline, olivine, chlorite, chrysolite and apatite,
the last four all green minerals, may occur in small
grains or crystals, or may sometimes be so abundant.
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as to give a distinet character to the rock, which may
then be called a ‘‘garnet rock,’’ ‘‘chloritic slate,’’ etc.,
as we shall notice later on.

ROCK STRUCTURE.

All rocks present lines of fracture, even though they
were deposited as a solid mass, but some present a
series of parallel planes along which they split with
great facility, sometimes along the lines of original
deposit, and sometimes nearly at right angles to the
former. These fissure lines are known as stratification
or lamination, cleavage and bedding planes, and it is
highly important that they should not be confounded.

Stratification is the result of earthy matter being
deposited in water as layer after layer, with intervals
of time between the deposition of the layers, during
which the first layer deposited had time to harden or
form a sort of crust which prevented it mixing freely
with the succeeding layer and so on; so that the mass
has become like a series of sheets of paper laid one upon
the other, and when converied into rock by the lapse
of time, and raised out of the water, the rocks split
easily along these lines of deposit. The layers may
vary greatly in thickness, depending on the amount of
sediment brought down by the stream and the length
of the flood periods. It is easy to understand that a
stream during flood will carry immense quantities of
matter into a lake or the ocean, becoming clear during
periods of drought, thus fulfilling the conditions called
for; and that such streams as the Mississippi, Amazon
and Ganges may form beds of vast extent, while others
may be limited to the area of a small lake. Rocks
formed in this manner are known as sedimentary or
stratified rocks.

Cleavage.—Certain rocks, such as roofing slates,
while belonging to the stratified series, have become
so altered by pressure that they no longer split along
the lines of stratification or deposit, sometimes known
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as ‘‘lamination lines’’ (a term applied to the thinner
strata), but on a series of joints which have been sub-
sequently formed by this pressure, generally more or
less at right angles to the lines of the original deposit.
The old lines of lamination are obliterated, and this
new series of joints is much more numerous than the
original horizontal planes, and the splitting character
much more perfect, dividing the rock into very thin
sheets. This structure is known as ‘‘cleavage.”” It is
more or less developed in coal beds and is there known
as the ‘‘cleat,’’ and is the cause of the coal breaking
into small pieces when mined. In crystals of minerals
the cleavage is the line on which the mineral splits
most readily, and is usually parallel to one of the
smooth faces (facets) of the crystals. This is well
illustrated in mica and gypsum.

Bedding Planes and Strike Joints.—In addition to
these splitting planes, all rocks (even limestone and
eruptive rocks) have acquired two or three sets of
joints, more or less at right angles to each other,
which divide the mass into large blocks and greatly
facilitate the labor of the quarryman, who takes advan-
tage of them in his mining operations. These may be
altogether independent of stratification, being the
result of the upheaval and compression of the earth’s
crust, though in some cases they may follow some of
the more or less horizontal lines. Upon their char-
acter frequently depends the shape of mineral veins
and deposits. The joints which are roughly hori-
zontal, or parallel to the original stratification, are
called ‘‘bedding planes’ or ‘“‘dip joints,”’ and the
series running with the general trend of the rocks
through the country, the ‘‘strike joints.”’ These
joints may be very numerous or wide apart, and are
the cleanest cut in close fine-grained rocks such as
limestones, where they are not obscured by the stratifi-
cation planes, and also in some granites, furnishing
fragments of all sorts of angles. These joints may be
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only a few yards long, or may extend for a mile, the
latter feature being most prominent in close-grained
rocks which have suffered comparatively little dis-
turbance. A little thought will show why building
stones should be put into the structure in the same
position that they had in the quarry, that is, laid ac-
cording to their ‘“‘bedding,’’ being stronger in this way
than any other and less liable to scale off, on exposure
to frosts and the acids in the rain water of cities.
Metamorphism.—All rocks are constantly changing
their character. The mud banks of to-day will be the
shales and slates of the far future, and our sand banks.
the sandstones of a coming era. In the same way and
by the same agencies of time, moisture, pressure
and heat, many of the older sedimentary rocks have
lost much of their original character. The sand-
stones have become massive quartzites, in which
the small grains of quartz which compose the sand-
stone are no longer visible; and the slates and shales
bhave lost many of their lines of stratification,
besides suffering other changes which have imparted
to them a new common character, known as
‘“schistose.”” Such rocks are called schists. It is
sometimes a very hard matter in a hand specimen of
these rocks to determine by the eye whether it belongs
to the metamorphic or eruptive series, so extensive have
been the changes, and only the microscope, or a dis-
tant view, when the main features of the mass alone
strike the eye, can settle the question. (When the
microscope is used in the determination of the rocks, a
flake of rock is ground down so fine that print can be
read through it, and it is this film that under the
microscope tells the story of its origin and composi-
tion). By reference to pl. 2, fig. 3, the difference be-
tween the structure of slates and schists will be better
understood. The upper part of the figure represents
a slate rock (let us say one in which there are numer-
ous fragments of hornblende by way of illustration,
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otherwise a hornblende slate) and the lower part a
schist having the same composition, called a horn-
blende schist. In the latter there has been such are-
arrangement of the particles that though the mass
retains some traces of stratification, in the parallelism
of its bedding planes, it has lost the smooth lamination
planes, and consists of a series of plates, thickest in
the middle and thinning out all round like a flat lens,
the result being a very characteristic appearance
(known as ‘‘foliated’’), in which only a few of the
lines of stratification have been preserved, although
the process has not been such as to produce clean-cut
cleavage. The result has in most cases been to
toughen the rock, felting the constituents together,
and few are more difficult to handle than this same
hornblende schist, as it will not split and is much less
brittle than most eruptive rocks. In these metamor-
phic groups the changes have usually been so great
that all traces of fossils have been destroyed, and their
geologic age can only be inferred from their associa-
tions. They are abundant in voleanic regions and
largely associated with mineral deposits. Their ulti-
mate condition when metamorphism is complete, ap-
pears to be a return to a rock in which all trace of its
sedimentary origin has disappeared and which cannot
be distinguished from those which we know to have
had an eruptive origin. The term metamorphism is
not applied to the simple hardening of muds into
slates, or similar processes, but only to those changes
in which a rearrangement of the particles has pro-
duced a rock with a decidedly differing appearance.

CLASSIFICATION OF ROCKS.

Rocks may be divided into simple and compound,
the first class including those which consist essentially
of one mineral, such as some limestones, gypsum, rock
salt, and serpentine ; the second including those which
are made up of a combmatlon of several dissimilar
minerals.
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The simple rocks resolve themselves into two groups,
* the first of which consists of chemiecal precipitates, and
the second of organic structures.

The compound rocks resolve themselves into what
may be called the ‘‘original’’ group, consisting of
- those of eruptive or volcanie origin, which are again
divided into the ‘‘plutonic’’ and ‘‘igneous’’ series, the
former term being applied to those rocks which have
been intruded from below without reaching the sur-
face, and the latter to those which have been ejected
as lava from voleanic vents; and the ‘‘secondary’’
group, which is made up of rocks derived from the
wear and tear of all other rocks previously formed,
whether original or already secondary. This group
may be divided into the ‘‘stratified’’ rocks which have
been deposited in layers by the action of water, and
those which are the result of voleanic outbursts other
than lava, and which may be termed ‘‘fragmentary.’’

The stratified rocks are again devisible into the
simple and metamorphic sections.

The boundary lines between all these groups are very
poorly defined, and they can only be taken as gener-
alizations. Thus many limestones may contain so
much sand and clay, along with their fragments of
coral and sea shells, as to be almost a compound rock,
but they largely lack the stratified character, while in
the compound rocks many which have been ejected
from volcanoes also occur in situations where they
have obviously never been exposed to the atmosphere
at the time of their formation, as the basalts in the
coal beds. The following tabular presentation will
show the general arrangement in a compact form:

ROCES CLASSED ACCORDING TO ORIGIN.

A. SmpLE RoCES.
1. Chemical Deposits—such as some limestones, rock-salt, gypsum,
serpentine. =
II. Oz-ganicl ngtm‘ts—such as some limestones, chalk, infusorial-earth,
coal, ete.

<
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B. CoMPOUND RoOCEKS.
I. Original group:
1. Plutonic series—such as granite, syenite, etc.
2. Igneous senes—such as basalt, trachyte, etc.
II. Sécomrdary group:
1. Stramﬂed Rocks:
a. Simple—such as shales, sandstones and conglomerates.
b. Metamorphic—such as quartzite, soapstone, schists, etc.
2. Fragmentary Rocks—such as breccias, volcanic tufas, and
glacial deposits.

SimpLE Rocks.—As the limestones fall within the
limits of both the divisions of this class no attempt
will be made to treat the sections separately. Rock
salt and coal are very important commercially, but the
lime rocks from the great bulk of this series, either as
sulphates (gvpsum) or, more commonly, as carbonates
(limestone, calcite). The great mass of limestone
has been segregated from sea water, into which it has
been carried by the streams which have dissolved it
from the rocks through which their waters have per-
colated.

Limestones proper vary in hardness from very soft
to quite hard rocks, compact and usually close-grained
in structure, ranging in color from white through
shades of yellow and drab, to blue and even black, and
consist essentially of carbonate of lime, which effer-
vesces on the application of acids; and they may con-
tain so many impurities, such as clay, sand, efc., that
they become unsuitable for the manufacture of quick-
lime for building purposes. This arises from the
varying conditions under which they have been
formed, and which determine their character. A large
portion of them consist of the rocky skeletons of corals
or the shells of minute animalcules.

Challe consists of the minute shells of a vast group
of small animals called Foraminifera, which live in
sea water in countless millions. These extract the
carbonate of lime, which forms their shells, from the
sea water, and when dead they fall to the bottom
forming a soft ooze, which if exposed to view in future
ages would be the same as chalk as we know it. These
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shells are so minute that only a powerful microscope
can show their forms, and it takes millions of them to
form a cubic inch of rock. The purer forms of chalk
are soft, white and earthy, but time has wrought such
changes that some of its varieties become more and
more compact, until they grade into limestones, and
the organic formations have had their constituents so
modified that nearly all trace of their organic origin
has disappeared, and they can scarcely be distin-
guished from the granular crystalline chemical
deposits. .

Flint, which is a form of silica, occurs in the chalk
beds, and has probably been formed by the separation
of small quantities of silica from some of the organic
remains, by percolating waters, and its concentration
into rough nodules of very compact structure, usually
dark or blackish in color, and resembling horn or
glass in thin fragments.

Coralline Limestones.—Immense deposits of lime-
stone have been built up by coral insects, like the reefs
so common in the warmer seas of the world at present,
and these usually contain numerous fossils which stand
out more or less prominently on the surfaces of the
rock which have been weathered by the action of air
and water, though they may be indistinguishable ona
freshly broken surface. This probably arises fom the
greater solubility of the uncrystallized portions of the
rock.

Other deposits have been made up of broken frag-
ments of coral detached from the main reef, and
washed upon the adjacent beach, where they have
been mixed with sand and broken sea shells,forming
beds with many impurities.

Besides these, there are compact beds which appear
to have been chemically deposited. To this section
also belong those deposits made by hot springs which
deposit the excess of lime held in solution on cooling
as ‘‘sinter,’’ a term applied to all such formations,
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whether formed of lime or silica. If made of the
former, they are known as ‘‘calcareous sinter,”” if of
the latter as ‘‘silicious sinter.”’

Limestones for making quicklime should be free
from silica. When this is present in considerable
quantities, it not infrequently makes itself visible on
the weathered surfaces, imparting to them a peculiar
dry harsh feel, the lime wearing away more rapidly
than the silicious portion, which is thas left in relief
on the exposed surfaces. These silicious limestones
and those carrying clay or alumina, which are not
suitable for the production of ordinary lime, are util-
ized in the manufacture of hydraulic cements.

Marble is a variety of limestone in which the entire
mass has become highly crystalline. The finest varie-
ties are as clear and even in grain as lump sugar. In
colors there is an infinite variety, many kinds being
often found in the same belt. Freedom from iron min-
erals (which will rust and stain the dressed slabs),
purity of color and closeness of grain are the chief
elements in determining the value of marble, but cheap
transportation to market is essential to the successful
opening of a quarry, however good the stone may be.

Dolomite . is a magnesian limestone, consisting of the
carbonates of lime and magnesia, usually of a crystal-
ine texture and yellowish tints; and whilesome bodies
appear to be original chemical precipitates, others are
undoubtedly ordinary limestones which have been
changed by the percolation of magnesian waters.
Both the ordinary carbonate of lime and the magne-
gian variety are used as fluxes in the smelting of iron
and lead, but all limestones are not of equal value for
this purpose, any more than they are for quicklime.
A chemical analysis or practical test must determine
their value for both purposes.

Magnesite in composed of carbonate of magnesia,
and is much less common than limestone or dolomite.

Limestone crystals (calcite, calespar) are often mis-
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taken for quartz, and as it is a frequent accompani-
ment of metallic ores, the chief differences are worth
noting. In crystallized limestone the characteristic
shape is rhomboidal; that is, the crystals are four-
sided, but none of the angles are right angles, while
each pair of sides is parallel. When crystallized in
pointed forms with six sides, the crystals are like
pyramids, without the straight portion seen in quartz,
and the apex is more pointed. This sharp-pointed
character has given it the name of ‘‘dogtooth spar.”’
In addition to these differences it is much softer than
quartz, being easily scratched by the knife, and splits
easily along the line of cleavage. Carbonate of lime
(calcite) is not likely to be mistaken for any other
mineral than quartz except feldspar and gypsum, and
from these it may be distinguished by the action of
acids, or by the fire test to ascertain if it will form
quicklime. This will set slowly, whereas burnt
gypsum forms plaster of paris and sets promptly when
mixed with water, but does not become as hard as the
cements made by calcining silicious limestones.

Gypsum (sulphate of lime) differs from the carbo-
nate in that it does not effervesce with acids. It is
valuable chiefly as the source of plaster of paris and as
a manure, the latter consisting simply of the raw pul-
verized rock. Gypsum ecrystallizes in white translu-
cent masses which scratch very easily and split into
thin non-elastic flakes, which may sometimes be ob-
tained of great size; this form is known as

Selinite.—Fibrous, very silky varieties of gypsum
are known as ‘‘satin spar;’ and the close-grained
forms, when of even texture and finely crystalline, are
distinguished as ‘‘alabaster.’’

Infusorial earth resembles chalk in appearance and
general constitution, being made up of the skeletons
or shells of minute organisms, but the term is gener-
ally applied to those which consist of the scales of
little vegetable organisms called ‘‘diatoms.’”’ These
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are made of silica instead of lime, and consequently
the rock is not acted on by acids. The excessive fine-
ness of the powder derived from crushing these earths,
and the hardness of the individual particles, make
them very useful for polishing powders, which are
known commercially as ‘‘tripoli,”’’ ‘‘electro silicon,’’
ete.

Serpentine is essentially a hydrated silicate of mag-
nesia, and is a dark Dblackish-green rock, with very
smooth slippery joints, generally highly polished and
variegated with greenish or yellowish films, like soap-
stone or French chalk such as is used by tailors. The
more brilliantly colored varieties are used for orna-
mental stonework, under the French name of ‘‘verde
antique.’”” 'While some serpentines have been original
deposits on the sea floor, others have been in all prob-
ability intruded masses of eruptive rock, containing
olivine, which have undergone extensive metamor-
phism and assumed their present aspect.

Comrounp Rocks, Oricinan, Grour.—Instead of de-
scribing these rocks under the two series named in
the table, which is based on their origin, and often
calls for extended investigation to determine to which
series any particular rock should be referred, it will
be sufficient to here classify them by some striking
physical peculiarity which is easily recognizable by
everybody.

Three distinet forms may be recognized: (1) Those
which are entirely crystalline, or made up of a mass of
crystals each of which is distinct; (2) those in which
a certain portion of the crystals are scattered through
a ‘“‘paste’’ of feldspar, which is very compact and does
not show any distinct structure; and (8) those which
do not show any signs of crystallization, but are of the
same character throughout. :

It must be understood that this arrangement is
purely arbitrary, as it separates closely allied forms;
but it possesses the great advantage of being appli-
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cable without the use of the microscope, which is es-
gential to any scientific classification. In this place
the object is simply to enable the miner to find out
the approximate name of any particular rock with the
smallest amount of trouble, and not to educate him
for an expert petrologist. Only the most characteris-
tic of these rocks will be deseribed.

In the crystalline rocks the size of the crystals does
not change the name of the rock. The size of the
crystals may be said to merely indicate the rate at
which the mass of rock cooled, and the amount of pres-
sure under which the cooling took place. If an
ejected lava cools very rapidly there is no time for the
particles to arrange themselves in any particular man-
ner, and the product is a rock which has all the ap-
pearance of the slag from a smelting furnace. If the
rate of cooling has been slower we have a crystalline
rock in which the separate crystals are small; and if
the cooling has been excessively slow we may have
large and ‘well-defined crystals, there having been
ample time for a complete arrangement of all the con-
tents of the rock into their respective kinds, according
to the proportions of the various constituents and
their relative affinities. 'While this may be stated as a
general proposition, it must not be taken as an abso-
lute rule, as it may be varied by the more or less easy
fusibility of the different minerals varying the proec-
ess. These rocks vary greatly in their mode of forma-
tion, though they all agree in their comparatively
deep-seated origin. As they are intimately connected
with the great changes in the earth’s crust, and prob-
ably owe their fusion to the heat developed by the
immense pres?ure and friction incident to these
changes (and perhaps by chemical action), it is not
snrprising that we find them chiefly in those localities
where these changes are most actively at work, namely
in the great mountain ranges. They may be found as
great bosses or as dikes which have been squeezed into
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the rocks from below while in a plastic or semi-fluid
condition, as in the case of some granites (pl. 5, fig.
5) or of the trachytes shown in pl. 5, figs. 1, 2 and 4.
In the latter case the force exerted was not sufficient
to break through the crust of overlying rock, but was
sufficient to lift a portion of the surface into the form
of a dome, the space thus formed being filled with the
molten rock, a portion of which through smaller vents
found its way in the horizontal layers of the sedi-
mentary rock, forming beds between them, just ds the
basalt lava has found its way into coal seams, as
shown in pl. 5, fig. 6, and between the shales as in pl.
5, fig. 3. In these figures No. 4 shows the theoretical:
structure of such a lava mass, showing the pipe «a
through which the lava (black) was seeking an outlet,
and the lava forming a solid mass with branches pene-
trating the overlying strata, and forming thin beds
between them. In fig. 1 we have the top of such a
mass exposed in the side of a cafion, of which a b is
the bed, with the strata (partially worn away) curving
over the solid lava; while in fig. 2 we have an actual
cross section through a mountain formed out of such
a block, the solid lines showing what remains in place,
and the dotted lines the original shape of the portion
which has been removed, a being the bed on which the
lava (black) spreads out, and b the shales, between
the layers of which thin sheets of lava found a lodg-
ment, as shown by the alternating outcrop of ¢, ¢. In
fig. 8 we have similar horizontal beds of lava ¢, pene-
trating the strata as offshoots from the dike d, but the
lava at ¢ is evidently only the remains of a similar
sheet from which the superincumbent strata have been
worn away, and not an outflow in the open air, because
remains of other lava sheets are found above other
strata at higher levels, as at e. In fig. 6, a, a, are
shales, b coal, and ¢ basalt, the latter intruded iunto
the coal bed through the dikes d, d. In this case the
coal is destroyed and the lava, originally black, has
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been altered to a whitish rock by the action of the
coal on the cooling lava.

In other cases the lava hasforced its way to the sur-
face, through the fissured rocks, and overflowed from
the dike in immense sheets, or has been ejected from
voleanic cones in huge streams, which have traveled
many miles, filling up valleys and even continuing
their course under the sea. Similar eruptions take
place on the sea floor. Volcanic eruptions are also fre-
quently accompanied by the formation of vast fissures
on the flanks of the mountain which become filled with
lava, and all these exhibitions of deep-seated heat pro-
duce profound changes in the rocks which they
traverse, the heat of lava streams being preserved for
many yvears after all volcanic activity has ceased, so
slowly do they cool when once crusted over.

It is thus evident that the same body of lava may
cool under very different conditions, and these have
more or less effect on the appearance of the rock, so that
the determination of the different kinds is often a
matter of difficulty even to experts.

OriciNal, Compousxp Rocks, First Group (wholly
crystalline).—Adopting the simplest though arbitrary
classification for the sake of convenience, and disre-
garding for the present purpose differences of origin,
the compound ‘‘original’’ rocks (including both plu-
tonic and eruptive rocks) of the first group embrace
such species as granite, syenite, felsite, elvanite,
trachyte, basalt, etc.

Granite is a mixture of quartz, feldspar and mica.
It may be either fine-grained or coarse, and 'vary in
color according to the color of some one of its constit-
uents. If the mica is white, we have a nearly white
or light-colored granite; pink and red granites take
their color and names from the tint of the feldspar,
just as very dark or even black granite results from
the abundance of black mica. When the feldspar is
white and mica black 'in moderate quantities we have
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warious tints of gray. It is often traversed by dikes
of younger age, usually paler in color and more com-
pact than the rock which they cut; and though called
the oldest rock, it is frequently found as veins (con-
nected with the main mass) which penetrate both the
stratified and unstratified rocks above it (as shown in
pl. b, fig. 5), which are usually much altered thereby.
Granite belongs to the group of rocks calied ‘“plu-
tonie,’’ which have not broken through the surface of
the earth’s c¢rust, but have consolidated at some depth
beneath it. Sometimes hornblende is present in small
quantities along with the mica, when it may be termed
hornblendic granite, on the principle of using as a
descriptive adjective the name of any peculiar mineral
present in a rock but not essential to its composition.

Granite seems to be the underlying rock of the
entire series, and if this be the case it is not strange
that all the rocks which have been derived from it
should show a tendency to return to it, in appearance
and composition, during the lapse of time, through
the agencies of heat and pressure.

Felsite, felsite-porphyry and elvanite are crystalline
mixtures of quartz and feldspar, usually so intimately
mixed that in felsite the crystallization is scarcely vis-
ible, while elvanite is more distinctly granular. The
latter rock is of frequent occurrence in the mining dis-
tricts of Cornwall, and the dikes of it are known by
the miners as‘‘elvans,’’ from which term the scientific
name of the rock has been derived.

Trachyte and Rhyolite. —In many respects trachyte
resembles granite, but may be easily separated by the
feel of a fresh fracture, which is exceedingly sharp and
rough, suggesting the surface of a cat’s tongue. It
occurs as dikes and large eruptive overflows, belong-
ing to the series of modern lavas. In color the rock
has a wide range of variation from gray to pink and
brown. In composition the feldspar predominates
over the quartz and is usually accompanied by horn-
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blende, mica or augite. It may be considered the
modern equivalent of the older granite, but differing
from the latter in being a volcanic product. Rhyolite
1s another rock so closely related to trachyte that the
beginner will find it hard to separate them. As the
mode of occurrence and general associations are
entirely similar to trachytes, the distinction is not of
essential consequence.

Syenite.—The foregoing rocks have quartz as an
essential constituent, while in syenite and basalt it is
absent as free or visible quartz, or nearly so. For--
merly syenite was considered a crystalline mixture of
quartz, feldspar and hornblende, but the term is now
used for a rock made up of crystalline feldspar and
hornblende, with mica as an accessory or accidental
mineral. In appearance it strongly resembles granite
(but the knife will show the absence of quartz), and
occurs in much the same way. The feldspar has a
different composition from that found in granite.

Basalt is the last of the wholly crystalline series
which need be noticed here. It is usually a very dark,
blackish, fine-grained rock, consisting of feldspar and
augite, with a variety of associated minerals, such as
olivine, oceurring as small olive-green grains, of which
the oxides of iron and manganese form about 15% of
the mass, making the rock unusually heavy (sp. gr.,
2.95). It has been ejected from modern volcanoes in
immense quantities, covering hundreds of square
miles in the States of Washington and Oregon, the suc-
cessive eruptions or overflows from dikes forming a
series of layers, resembling strata, and having in the
aggregate an immense thickness. It is also the rock
now being ejected by the volcanoes in the Hawaiian
Islands, and, from its fluid character when molten,
forms perfect rivers. It was such lava streams which
filled the mountain-valleys of California and covered
the gold-bearing gravels during the second outbreak,
as the trachytes had previously done at a much earlier
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period. When cooled rapidly, as on the surface of a
new outbreak, it becomes full of bubbles formed by
the expansion of the steam contained in the lava (to
which it owes its fluidity), and it is in these cavities
that opals, caleite and similar minerals have been
formed by percolating waters. The porous lavas, with
the bubbles so filled, are known as amygdaloids (from
a word meaning almond). DBelow the surface the pres-
sure has prevented the expansion of the steam so per-
fectly, so that the bubbles get smaller and smaller till
the mass becomes perfectly crystalline. Very fluid
lavas may be so filled with these air, gas, or steam
cavities that they look spongy and will float on water
as ‘‘pumice stone,’’ or they may be drawn out by the
violent winds eddying round the crater into fine
threads like spun glass, in which form they are known
as ‘‘Pele’s hair,”’ Pele being a goddess associated with
the Hawailian volcanoes. Basalt frequently cryvstallizes
into a columnar structure, the pillars being five or six-
sided, with ball-and-socket joints. This columnar
structure is always at right angles to the sheet of lava,
so that in dikes they form more or less horizontally from
wall to wall, and in overflows more perpendicularly.
Seconp Group (porphyritic).—In this group we
have quartz-porphyry and a whole series of other por-
phyries in which visible quartz_is absent and which
for the purposes of the miner we may designate simply
as ‘“‘porphyry,’’ using the term as a general one.
Quartz-porphyry or dacite consists of a paste of
feldspar which shows no sign of crystalline structure,
the color of which may range from dirty white to pink,
purple, brown or slate-gray. In this paste are scat-
tered small grains of transparent quartz, making a
very characteristic rock which occurs in large masses,
the rock belonging to the series of old lavas. It is
largely developed in the Comstock mining region.
Porphyry.—Under this head may be classed all the
rocks in which the paste just described contains dis-
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tinct crystals of feldspar,giving them a spotted appear-
ance. They may contain mica, hornblende or augite
as an additional mineral, and it is the presence of
these,along with differences in the composition of the
feldspars, which constitutes the basis for a new name.

They occur as dikes, veins, intruded sheets, or as
surface deposits, and include such species as porphy-
rite, diorite or greenstone, andesite, phonolite or
clinkstone, ete.

Tuiep Grour (non-crystalline).—In this group we
have pumice stone, already described, and as the prin-
cipal rock—

Obsidian, which is a lava cooled very rapidly, look-
ing like coarse bottle glass, and hence frequently
called ‘‘voleanic glass.”” It is of various shades in
greenish black, black or red, and the red varieties are
sometimes marbled with black streaks which are drawn
out in the direction of the flow of the lava stream
while yet in a pasty condition.

It is not pretended that the foregoing descriptions
are absolutely scientific. To lead the miner into the
mysteries of orthoclase, plagioclase and triclinic feld-
spar would be to hopelessly bewilder him; yet many
of the distinctions between the various eruptive and
intrusive rocks are based on the one or other of these
feldspars being the predominant component. The use
of a powerful microscope is often necessary to settle
disputed questions, and all rock-students know how
many of these there are. If the descriptions will
enable a person to distinguish a granite from a por-
phyry, a felsite from a basalt, or a trachyte from a
quartz-porphyry, they will serve their purpose; in-
deed, they would almost do so if they will separate an
eruptive or voleanic rock from a scbist, and a schist
from a shale. The student who once begins to take an
interest in rocks will soon discover that their varieties
are almost infinite, but that they resolve themselves
into a few tolerably well defined groups, and will in-
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evitably be led to examine into their differences and
perpetually to ask himself the reason why. When the
eye is-thus ftrained it is time enough to name these
slighter differences, which are puzzling enough to
expert observers.

A general term for many of these eruptive rocks is
‘“‘trap,”’ from a Scandinavian word meaning steps or
stairs, in allusion to the forms in which they often
‘““weather.”” This weathering, a term applied also to
the changes which take place on the surface of rocks
exposed to the destructive action of the elements, is
sometimes of great assistance in determining the
true character of the rock, especially in those with a
fine grain and dark color, as the feldspar on exposure,
instead of retaining the glassy look which it may have
in the mass (making it hard to recognize), becomes
milky white and shows distinctly on the surface of the
bowlders, even though in a clean new fracture the
latter may be nearly uniform dark bluish-gray or
almost black. In other cases the outer surface may be
pitted with little angular holes from which the crystals
have been dissolved, thus readily separating the rock
from the stratified series to which it may otherwise
have much resemblance. If depending on the pitted
surface, however, care must be taken to ascertain that
the pits are not ‘‘casts’’ of crystals of iron pyrite, as
this mineral is abundant in all rocks whether eruptive
or stratified, especially so in the former when decompo-
gition of the mica or hornblende has set in.

Secoxpary Compounp Rocks, StraTiFIED SERIES.—The
character of the rocks which are in process of decay
and are being swept into the smaller streams and
thence through the rivers to the ocean, plays an im-
portant part in the formation of soils and the sedi-
ments carried away by water and deposited to form
rocks. If granite were the only rock being worn away
by a stream, and the disintegration were complete, we
should have clean deposits of sand and clay full of
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mica and hornblende. But when the stream began
to cut into other rocks there would ensue a change in
the character of the deposits, which would become
yet more strongly marked if the destruction of the
rocks had extended into groups already stratified. It
is, therefore, easy to see that the conditions surround-
ing the formation of stratified rocks are very complex,
and we must look for great local differences even in
rocks made at the same geologic period. So great is
this difference at times that it would be impossible to
place many rocks in their right chronological order if
it were not for the fossil remains with which they
abound, so that the prospector should religiously pre-
serve all such fossils as he may find, or take such a
note of the locality that he may direct others to it.

The ultimate analysis of the foregoing compound
original rocks gives approximately the percentages
shown in the following table, compiled from Geikie,
from which it will be seen that they resolve them-
selves into three groups chemically. The large per-
centage of iron and manganese in the porphyries and
basalt is largely due to the presence of grains of mag-
netic iron in the porpbyries, and the oxides of iron
and manganese in the basalt.

CHEMICAL COMPOSITION OF ORIGINAL COMPOUND ROCKS.

Silica. {Alumina. |Lime.| 1700 8% Potash.;Soda. Magnesia

; % % % % % % %
Granite....... ? 15 1.6 2.2 5.1 2.8 0.3
Quartzite. ... o 13 0% 4 48 07| 1.0
yenite.......| 60 17 44| 7.0 6.6 | 24| 26
Trachyte.....| 60 17 | 85| 80 50 | 40| 1.0
Porphyries...| 53 16 6.3 14.0 18 | 22( 6.0
Basalt........ 45 15105 15.0 15 85| 65

The potash, soda and magnesia, being soluble, are
carried away on decomposition, and form the alkaline
matter which accumulates in lakes without outlets,
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such as Walker, Mono, Pyramid, and other lakes in
the Great Basin between the Sierra Nevada and Rocky
Mountain ranges in the United States, giving them
their intensely saline character if the rocks furnishing
the material contain but little magnesia, and a bitter
taste if there be much of the latter present. Thus the
drainage of a basalt region should furnish magnesian,
and of a trachyte country saline waters.

The silica, alumina, lime and iron are thus left to
form the sedimentary rocks. The iron plays its part
chiefly as a component of the clays and a cementing
material for the sandstones, to be afterward leached
out and accumulated in local deposits as bog iron,
which by the changes of time becomes the source of
other iron deposits of various kinds. The lime, being
less soluble than the alkalies, is slowly leached out of
some of the rocks, especially by water containing car-
bonic acid, and redeposited on exposure to the air as
a sediment by the springs which have dissolved it, or
is carried to the ocean to furnish material for the
coralline structures or the shells of its multitudinous
life.

The quartz and clay, the chief constituents left, fur-
nish the bulk of the sedimentary material, which, with
the addition of waterworn fragments of undecomposed
rock naturally resolves the deposits into two series, to
the first of which belong the conglomerates, gravels
and sands, and to the second the muds and clays
(derived chiefly from the alumina), shales and slates.

All material washed into a stream by the rainfall on
the adjacent hills, and falling therein by the under-
mining action of the current on the banks, becomes a
source of sedimentary deposits. If the fragments are
too large to be moved by the current, they remain in
the stream bed until gradually worn away by the attri-
tion of smaller rocks and sand over them; if smaller
and movable, they are only carried along to the first
dead water, whether it be a lake or the ocean, and there
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deposited, and this deposition involves a sorting of
the material. The larger and heavier pieces will be
deposited first as coarse gravel, then finer gravel, then
sand, and the finest sediment being carried the fur-
thest will be laid down as mud or silt, unless the lake
be so small and the current of the stream so swift that
it is swept into the outlet beyond, leaving only a deposit
of sand and gravel. It will thus be seen that the same
material may appear as gravel at one place, sand at
another, and mud at another. But large streams
usually carry only the finer sediments when they reach
comparatively level country, having left the larger
particles at the foot of the mountain slopes, and as in
the case of the Amazon they may spread this over a
sea bottom hundreds of square miles in extent. A
similar process is carried on at the sea beaches where
the reflux of the tide may carry the finer material sea-
ward, leaving the coarser at the foot of the bluffs.

‘While sfratification usually occurs horizontally, it
is not necessarily so, as in the case of mountain
streams the coarse gravel would accumulate the most
rapidly, forming a sloping bank, on which the layers
deposited in successive flood times would take the
same inclination. So, in like manner, the ashes
ejected from volcanic cones, falling on the sloping
sides of the same, would accumulate in layer after
layer, presenting all the appearance of deposits made
in water, but retaining the slopes of the flanks of the
cone.

Conglomerates are largely formed on sea beaches by
the rolling of the rocks washed out of the shore bluffs
into rounded fragments, which will naturally be of
various kinds of rock, according to the material of the
hills which are being worn away. Deposits formed by
river action are apt, from the circumstances under
which they are formed, to be much more limited in
extent than those made along shore lines. They con-
sisf of rounded pieces of rock of various kinds
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cemented together either with hardened clay or silica,
and sometimes with iron oxides derived from percolat-
ing waters or the black sand. They may be fairly
fine if made of gravel, or excessively coarse, and, if
made up chiefly of one rock, may be known by the
name of that if it is speecially desired to distinguish
and separate them, as quartz-conglomerate, or
trachyte-conglomerate such as is found in connection
with the lavas of the California gold-gravel channels.
Some of the schists contain bowlders, leading to the
conclusion that they are, in this case, merely altered or
metamorphic conglomerates; and in other cases the
cementing process is so perfect and the consolidation
of the mass so complete that the pebbles will break in
two on a general line of fracture, without becoming
removed from the mass. Cuttings through conglom-
erate beds stand with nearly vertical walls.

Sandstones consist essentially of sand cemented to-
gether with iron, each grain being coated with a thin
film of iron oxide, which imparts the general color to
the mass, as in the.red sandstones. The grains of
sand when cleaned of the coating may be either tinted
or colorless. Mica forms a common addition to many
sandstones, as well as lime and clay, when they may
be distinguished as mica-sandstone, etc. The lime
and clay are not readily discernible to the unaided
eye. Flagstones are only sandstones which split easily
into thin slabs, suitable for sidewalks. Buhrstones
are sandstones so thoroughly cemented that they are
very hard and rough enough to furnish the grinding
surface required in millstones. ‘‘Freestone’’ is some-~
times a sandstone which cuts freely in any direction,
either with the stratification or across it, but hardens
on exposure to the air. The term is however some-
times applied to limestones and other rocks which
present the same characteristics.

Quartzite is a sandstone which has been subjected
to the action of heated waters, which have aggregated
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the grains of sand together with a silicious cement,
probably derived from a partial solution of the grains
of sand themselves, until the rock has lost its granular
structure, and to a large extent resembles massive
quartz. It is a common rock in mining regions, and
occurs with other metamorphic rocks, but also in situ-
ations where the associated strata have undergone no
change.

Clays are formed out of the alumina in the feldspar
and other minerals, silica excepted, of the eruptive or
voleanic rocks, and are the finest of the sediment car-
ried in suspension by water, varying in color and com-
position according to the rock to which they owe their
origin, and the particular stage in the journey of the
stream at which they were deposited. They may be
exceedingly pure, in which case they are called ““fat’’
in the language of the brickmaker and potter, and
from this range downward to a clay loam, in which
there may be a very large excess of impurities, of
which iron forms a large part. The richer clays
require the addition of sand to make good brick, but
possess the advantage of a more uniform composition,
which enables the manufacturer to regulate the addi-
tion of sand to a nicety and thus produce an article of
uniform quality; the poorer kinds make only the most
inferior grades.

Fireclay.—A good fireclay has a composition of
silica 73.829%;, alumina 15.88%;, oxide of iron 2.95%,
water 6.45, with traces only of lime, sulphur, mag-
nesia, soda and potash, which is very mnearly the
chemical composition of granite, with the lime, potash,
soda, and magnesia eliminated, so that such clays
could easily be formed by the decomposition of that
rock. Fireclay is largely associated with coal seams,
the clay floor retaining the waters which made the
tangled swamps in which many coal beds were prob-
ably formed.

Kaolin or porcelain clay is derived from the decom-
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position of the feldspars of the granitic rocks and por-
phyries, and is essentially a compound of the oxides of
silicon and aluminum mixed with water, the composi-
tion when pure being silica 46.3%, alumina 39.8%j,
water 13.9%. Impurities are frequently present, the
principal one being iron derived from the other min-
erals present in the rock from which it was formed.
When pure it is white, ranging through yellowish to
brownish red, when much iron is present, say 5% or
upward. The preparation of the clay by grinding,
washing and settling is a slow and tedious process.

Shales are only hardened clays which have been de-
posited from time to time in thin sheets, so that the
resulting mass splits readily into thin layers along the
lines of deposit; but while they all retain this common
character, they vary greatly in composition, and may
be distinguished from each other by the names of the
minerals which may give a special appearance to the
rock, as mica-shale, hornblende-shale, silicious shale
(when sandy) or simply clay-shale. In color they vary
as much as in composition, from pale gray to black; in
the latter case they are usually colored by small scales
of graphite—black-lead or plumbago—derived from
the carbon of the organic matter washed down with
the ciay sediment and buried with it. This organic
matter may be so abundant that the shales may be
called bituminous or oil-shales.

Slates.—For all this series of rocks the term slate
is also very generally used, as clay-slate, mica-slate,
ete. ; but, strictly speaking, the term slate is applied
only to those rocks which have lost their shaly char-
acter by end pressure on the strata, and now split on the
lines of cleavage, as previously defined, such as roof-
ing slate (pl. 12, fig. 4). In these latter rocks the
particles have rearranged themselves at right angles to
the line of pressure. This effect has been repeatedly
produced exprimentally, and the student must early
relinquish the common idea of the absolute rigidity of
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rocks. As a matter of fact, they are plastic or may be
molded to an extraordinary degree, many of the shales
and slates having been folded and wrinkled like sheets
of paper, and this not only on a grand scale, but down
to the most minute plications. Samples of this fold-
ing are shown in pl. 12, fig. 8, where the folding
element has been the intrusion of the dike d; and in
pl. 4, fig. 6, where the cause has been general lateral
pressure, crowding the rocks into a smaller amount of
space horizontally. Not only ean cold lead under a suffi-
cient pressure be squeezed as a jet through an aperture
suitably provided, but cold iron can also be pressed s¢
as to penetrate into the angles of suitable molds. This
facility with which rocks can be modified in their
structure, and bent and folded, has an important in-
fluence on the filling of veins, as intense heat is
developed in the process, and this, in the presence of
water, will decompose and rearrange all the compo-
nents of the rock, dissolving some which are replaced
by new combinations and producing metamorphism.
Secoxpary Group, MeramorpHIC SERIES.—AIl the
shales and slates may be thus converted into schists,
previously described. As in the case of the shales,
each variety may be distinguished by the predominat-
ing or characteristic mineral, as mica-schist, which
gradually shades off into gneiss, which is a rock hav-
ing a composition exactly like granite, but without
the uniform crystalline character of the latter, or the
foliated structure of the schists. In gneiss there is a
tendency for all the mica to be laid in horizontal or
more strictly speaking parallel lines, while the quartz
may oceur in pure bands, and there is a tendency of
the mass when viewed on the large scale to look like a
coarsely stratified rock. From this characteristic ap-
pearance there may be a gradual change until it is
hard to say whether the rock should be called gneiss
or granite, leading us to the conclusion that many so-
called granites are only the last stage of the metamor-
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phism of an original sandy bed of clay containing
mica, such as are common everywhere.

When hornblende is the chief mineral, we have
hornblende-schist, a tough, dark greenish rock, which
shales off into a rock so essentially composed of horn-
blende that it loses the schistose character and be-
comes what is called #hornblende rock. When the
shading off is in the direction of a more crystalline
structure, the gradations may be toward a hornblende-
gneiss, and from that to syenite, just as the mica schists
grade into granites. It will, of course, be understood
that these changes are not to be seen in small speci-
mens, but only in the large area of a mountain range.

When the metamorphism has proceeded so far that
the micas have been decomposed, so as to liberate the
magnesia by the absorption of water, we have a series
of rocks all of which are characterized by a smooth,
slippery, greasy feel to the touch, commencing with
talcose schists, of a greenish or yellowish tint; inclin-
ing to reddish from the decomposition of the minerals
containing iron. On further change we may have
asbestos, forming in the seams and joints of the rock,
or the whole mass may be converted into soapstone,
which is a compact whitish or greenish rock, without
pronounced crystalline structure, easily cut by the
knife or turned in a lathe. From its infusibility and
the facility with which it can be cuf into suitable
blocks, soapstone forms an excellent lining for fur-
naces which are subjected to intense heat.

Chlorite-schists are similar in composition to
talcose schists, but the talc is replaced by an apple-
green mineral called chlorite, which not infrequently
occurs along with quartz in mineral veins, as on the
mother lode in California and elsewhere.

This series of rock s may be thus summed up, on two
lines of progressive alteration, according to the start-
ing point:

(1) Saunds, sandstones, quartzite; (2) muds, clays,
shales, schlsts, gneiss, syenite or granite.
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Stcoxpary Group, FragmENTAL SERIES.—Besides the
rocks previously described, all of which show evidence
of deposition in water and something like a regular
order, there are still a few which cannot strictly be
classed with them. These are either volcanic or glacial.

Volcanic Products.—Volcanic outbursts are often
accompanied by the discharge of enormous quantities
of dry dust and stones, some of which are rounded and
others angular, or the dust may be an impalpable
powder. Some of these may have been deposited
under water, when they naturally have a distinct strat-
ification; while in those laid down in the open air
this structure may not be so well defined, though the
alternating character of the material ejected may have
formed apparently stratified layers on the sides of quite
steep mountain cones. The discharges may consist
entirely of lava fragments, or may include pieces of all
the rocks traversed by the voleanic vent, and in many
cases they have been cemented together by a lava
paste. The various conditions in which they are
found suggest appropriate names, as volcanic con-
glomerate, where the pebbles and bowlders are
rounded; wolcanic breccia, where these are angu-
lar; wvolcanic agglomerate, where there is a mixture of
the two foregoing, usually without any distinct strati-
fication. The finer materials are called tufas or tuffs
and as a rule are distinctly stratified; and while of
voleanic origin may contain organic remains or fos-
sils, equally with ordinary water-formed sediments.
The term lapilli is applied to the coarser portion of
the volcanic dust, so largely ejected prior to the ap-
pearance of lava at many volcanic vents, to distinguish
it from the finer voleanic ash, which may be a powder
so fine that it can be carried hundreds of miles by the
wind before finding a final restinz place. This finest
ash forms a large part of the sediment brought up from
the floor of the deep sea, where it gathers as slowly
and silently as dust in a deserted room.
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Glacial Products.—While all the material dis-
charged by glaciers into running streams is undistin-
guishable from other sedimentary deposits, those
dropped by melting ice present only faint traces of
sedimentation or none at all. 'Where floating ice is
dropping its load of earth, sand, gravel, rounded
bowlders and angular fragments, on the top of strata
which are forming under the surface of lakes or shal-
low seas, we may find immense bowlders or bunches of
gravel irregularly mixed with such deposits, which,
while they betray the condition of the climate at the
period of their formation, do not justify any special
name to such accumulations of sediment. But where
the glacial deposits are laid down by ice in deep
waters, where the deposit of river or ocean sediment
is forming very slowly, we shall have an irregular ac-
cumulation of material, without the regular stratifica-
tion of river deposits, showing only what may result
from the more rapid descent of the largest pieces,
which, if they fell on a surface already smoothed by
the more slowly descending finer sediment, would pre-
sent faint traces of sedimentation, but the lines would
not be traceable for more than comparatively short
distances, the successive deposits fading out laterally
and overlapping each other. Such also are the de-
posits of bowlder clay which have also been formed by
the grinding action of an ice sheet. There is nothing
to prevent such deposits carrying ore, except the irreg-
ularity in their composition on account of the wide area
from which they may be drawn, and the uncertain
distribution of the valuable metals in the earlier rocks.

GErorocic Succession oF Events.—It is searcely with-
in the scope of the present volume to enter into a
description of the geological succession of the rocks,
as it would require a volume by itself and be of little
practical value to the miner, except as regards coal
and iron, the character of which is largely influenced
by their geologic age, owing to the changes which
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have taken place in their composition with the lapse
of time under the influence of heat and pressure.

The accompanying table gives the outline scheme
adopted by the U. S. Geological Survey. The pro-
gression is from the bottom upward, the order being
as shown in the stratified rocks now accessible, though
the whole series does not appear in any single locality.
Below the Archsean is the granite foundation. ‘‘Era’’
and ““period’’ relate to time; ‘‘system’’ and ‘‘group,’’
to the rocks. Subdivisions of periods and groups are
called ““epochs’’ and ‘‘formations’’ (according to time
and rocks respectively). The names for these smaller
divisions vary in different localities, and authors differ
in classifying and naming them, so that a more com-
plete presentation here would only be confusing.

ORDER OF SUCCESSION OF GEI‘?CI)‘ISY)GIC TIME AND ROCK FORMA-

Era or System, Period or Group.
Hra GEMARUNE. . OGN B Quaternary.
Pliocene.
Miocene.
Eocene.

Cenozoic or Tertiary.....ccveeveuennes

Cretaceous.

MesozoiC....... LR LIS T Jurassic.
Triassic.
Permian.
Carboniferous.

PRIBOTOICE ie'9p = s'osls yeiemar ain SRR { Devonian.

| Silurian.

| Cambrian.

{ Huronian.

FATehaoam (Ul S s, 1 S iee i smprsta ot D et tian

[See also the arrangement proposed by LeConte and Dana, pp. 822, 323.]



CHAPTER IV.

PHYSICAL CHARACTER OF MINERAL DEPOSITS.

Mineran deposits may be roughly classed under
three heads: Beds, veins and masses. These divis-
ions correspond to differences in form, and, in part,
to differences in origin.

Beps.—A large proportion of the rocks met with
consists of substances arranged in distinet stratified
layers. If any of these layers consists of a useful
mineral, or contains enough to make it valuable, it is
said to be a deposit in the form of a ‘‘bed,’’ ‘‘seam,’’ or
‘““stratum,’’ sometimes spokea of as a ‘‘bedded vein’’
or ‘“‘blanket vein.’> The most important of all bedded
or stratified deposits is coal; but in addition there are
beds of iron ore, copper-bearing shales or slates, lead-
bearing sandstones, silver-bearing sandstones, gold,
tin and platinum-bearing gravels, as well as beds of
rock salt, clays, slates, limestones, gypsum, oil shales,
etec. The characteristic feature of a bed is that it is a
member of a series of stratified rocks, and as such was
laid down or formed after the rocks on which it rests,
and before those which lie on its top. This peculiarity
at once distinguishes a bed from a true vein.

Roof and Floor.—The layer above it is called the
““roof’’ of the deposit and the one beiow it the ““floor,”’
when it remains horizontal or nearly so, but when
highly inclined the terms ‘‘hanging wall’’ and ‘‘foot-
wall,”’ applied to true veins, are equally applicable
to beds, but less expressive.

Thickness.—This is the distance from the roof te
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the floor at right angles to the inclination of the floor,
being the shortest distance between the roof and floor,
and this may be very much less than the length of a
crosscut run through the deposit on a horizontal line,
the two becoming nearer in length as the bed ap-
proaches more and more to the vertical ; in the latter
case they would be equal.

Dup is the inclination of the floor from a horl-
zontal plane, and may be spoken of either in degrees
of a circle, as for example ten degrees (10°); or ex-
pressed in feet, as 1in 10, 1 in 20, ete. Other equiva-
lent terms are ‘‘slope,’’ ‘‘piteh’’ ‘‘underlie’’ and
‘“inclination.’’ Dip, of course, is. due to the disturb-
ance of the deposit by elevation or depression, causing
tilting or bending, since its formation (a horizontal
layer having no dip); but as such disturbance has
been almost universal, nearly all bedded deposits have
more or less dip, at the present day. Sometimes the
beds may be nearly horizontal, as in Staffordshire,
England; orraised to an angle of 50° as in the Cumber-
land coal series in the Skagit Valley, Wash. (pl. 2, fig.
10); sometimes they may be vertical or even folded
over as in pl. 4, fig. 6, a structure which is found in
the Appalachian mountains, and in some of the Franco-
Belgian coal fields, where a vertical shaft passes six
times through the same bed, because the folding has
been so complicated.

Strike.—The strike or course of the bed is the di-
rection of a horizontal line drawn along the floor of
the deposit, such as the bottom of a tunnel following
the mineral, without grade. This direction will
clearly be at right angles to the dip of the bed, and
will consequently vary as the dip varies; so that, if it
is desirable to run a tunnel on a deposit in a perfectly
straight line, it must have a course or direction as
nearly as possible at rigcht angles to the general dip,
instead of to the dip at any particular locality. DBut
this is not always possible.
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From the above it will be clearly seen, by reference
to pl. 13, figs. 10, 11, 12, 13, that while in fig. 10 the
strike would be east, in fig. 11 it would vary from
northeast to east and thence to southeast; in fig. 12
it would be north, going round by east until it was
south; while in fig. 13 it would turn to all points of
the compass in succession and indicate a saucer-shaped
basin. From what has been previously said it will be
obvious that even when the bed may be covered on
the surface its position, if it exists beyond the point
of discovery, should be traceable by the rocks with
which it ‘is associated; but a search in this manner
should be governed by the rock which forms the roof,
as this must lie comformably above it, while it is pos-
sible that the deposit may lie on the upturned edges
of a great variety of rocks as at ¥, pl. 2, fig. 1.

The thickness of workable beds varies within very
wide limits according to their richness in some special
mineral or its scarcity. Some workable beds of coal
are only 1 ft. thick and range up to as much as 60 ft.
or over in exceptional cases. The copper-bearing
shales of Mansfeld are only from 10 to 20 in. thick,
while the lead-bearing sandstones at Mechernich are
no less than 85 ft., and some beds of slate, limestone
and salt greatly exceed these dimensions. But what-
ever the thickness may be at any particular point, it
does not follow that this will be maintained over the
entire area of the deposit. Sometimes this may be the
case over a very extensive area, but there must neces-
sarily be a boundary to the deposit in all directions,
and toward these limits it may dwindle away to a
feather edge, with the probability of the greatest
thickness being near the central portions of the orig-
inal deposit (not necessarily that part left to our inspec-
tion). Toward these edges, as in the case of coal and
iron deposits, the bed may contain many impurities
and become valueless; or in the case of slates and
limestones a gradual change may take place into
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another kind of rock, such as clay-shales into sand-
stones and these into conglomerates. Pl 2, fig. 1, D,
shows a bed of coal, as originally laid down, thinning
out in all directions. It may consist of a uniform
mass, with impure edgings, or it may be divided into
‘several layers by thin sheets of clay or waste matter,
called ““partings,’’ in which case it often happens that
the character of the coal above a parting is different
from that below in important particulars, and should
be mined separately. Partings are not necessarily a
detriment to a deposit, as they frequently facilitate
mining.

Outcrop.—It is not always easy at first sight to dis-
tinguish the outcrop of a bed from that of a true vein,
but it will usually be found more continuous and more
uniform in its composition.

Veins may be described as comparatively thin sheets
traversing what are called ‘‘country rocks,’’ which
were formed earlier than the veins themselves; and
occupy crevices formed by fracture of the inclosing
rocks, or have been formed along the lines of junetion
of such rocks by changes in those adjacent. It is this
origin at a later date than that of the rock formation
which constitutes the essential difference between a
vein and a bed.

Dikes.—The above description includes all veins of
porphyry or other intruded rocks, such as granite or
basalt, as well as those containing the useful or pre-
cious minerals. Veins filled with porphyry or similar
rocks of whatever kind are usually called ‘‘dikes.”’

True Veins.—The term ‘‘vein’’ is more properly
restricted to those which are more or less filled
with wuseful minerals, whether in workable quan-
tities or otherwise. Building stone should be excluded
from this definition, as many valuable varieties (besides
those found in beds) are the product of dikes. In
the United States the terms ‘‘vein,’’ ‘‘lode,”’ ‘‘lead”’
or ‘“‘ledge’ are used indiscriminately in different
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localities, but all have the same meaning, while in
Australia and South Africa the term ‘‘reef’’ is often
applied to mineral veins as well as to bedded deposits
like gold-bearing conglomerates. For the purposes of
the U. S. land offices the description of a lode as given
by Justice Field in the celebrated case of the Eureka
Cons. vs. the Richmond Co. is accepted, viz.: ‘“We
are of opinion, therefore, that the term [lode], as used
in the acts of Congress, is applicable to any zone or
belt of mineralized rock,lying within boundaries clearly
separating it from the neighboring rocks.’’” This
definition evidently covers both true veins and all
bedded deposits.

Miners often speak of coal and iron veins, but thisis
a wisapplication of the term. When a bed lies on the
upturned edges of much older rocks, as in pl. 2, fig. 1,
E, it shows conelusively that before its deposition long
periods of time had elapsed, in which the lower strata
had been raised above the water, uplifted into new
positions, worn down to a new surface and again de-
pressed below the water level; and we can form some
comparative idea of the relative ages of bedded veins
by the thickness of the strata which have accumulated
above them. In the case of true veins we can only
judge of their age by knowing that they must be
younger than the roecks in which they lie, and the
comparative age of these is judged by the fossil
remains found in them.

Dip.—Like beds, veins have dip, strike and walls.
Ags a usual thing the dip of true veins is apt to be
steeper than that of the majority of beds, though such
a distinction is not absolutely necessary. The dip is
measured from a horizontal line as in the case of beds,
and is expresed in degrees. If the vein is vertical the
dipis 90°. 1In pl. 9, fig. 1, the veins 4, B, C, and D,
have respectively dips of 47°, 68° and 86°, while vein
E is vertical (90°). In some cases the dip may be so
flat that when the vein is exposed by the wearing away
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of the hanging wall it may appear almost like a bed.
Such cases are often termed ‘‘blanket-veins,’’ but a
very slight examination will show, in most cases, their
true origin.

Strike.—Owing to their different origin, the strike
of true veins is more likely to have a uniform direction
than in beds, as the inclosing rocks have not usually
been subjected to so much movement since the forma-
tion of the fissure as has been suffered by the strata
containing the beds; or, if movement has taken place,
the weakness of the fissure has directed the motion
into that plane and simply caused a reopening of the
fissure, and not infrequently a refilling of it with a
different class of mineral deposits. See pl. 6, fig. 6,
where the thin slabs of rich gold ore B occur on each
side of a large central core of poor or barren quartz 4.
The conclusion is frequently irresistible, taking into
consideration the great amount of motion of the walls
of the lode as shown by their shattered condition, that
on a reopening of the fissure the contents of the lode
were concentrated in the way shown, to the im-
poverishment of the main body of quartz.

Outcrop of Veins.—The outerop of a vein, sometimes
called ‘“‘croppings,’’ is the portion of the vein exposed
on thesurface. It does notfollow that the visible out-
crop corresponds with the true strike of the lode.
This can only occur when the vein is vertical, or out-
crops in a level plain, when it would show a compara-
tively straight line and the true course, whatever the
dip might be. It is not often that such a case occurs.
On the contrary we find the bulk of mineral veins in
rough and broken mountain regions, and in these cases
the tracing of the outcrop becomes a more difficult
matter, especially when the vein crosses ravines or val-
leys filled up with gravel or debris which hide its
presence. All veins with a pronounced dip have a
crooked or serpentine outcrop, and the flatter the dip
the more sinuous this outcrop will appear. By refer-
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ence to pl. 9, figs. 1. 3 and 5, these peculiarities will
be easily understood. Their great importance be-
comes apparent when making locations on a vein and
in the legal aspect of these locations. Fig. 1 is a
longitudinal section along the bed of a ravine, show-
ing five veins 4, B, C, D, I, and their outcrops ascend-
ing the hill on the side furthest from the observer, as
from g to s, h to r, k to p,l to o, and m ton. All the
veins are supposed to run north and south. It is evi-
dent that on the crest of the ridge the outcrop of the
vein 4, dipping east, will be west of its position in
the gulch by the distance sa, while in the cases of the
veins B, C, D, dipping west, the outcrops on the ridge
will be east of the position of the veirs in the bed of
the gulch as shown at A, % and [ by the distances br,
¢p, and do. It can also easily be seen that on de-
scending the opposite side of the hill, the outerop of
A would swing back again up the ravine, while all the
others would swing down, producing, if the outcrops
were continuous, an appearance something like that
in figs. 3 and 5. In fig. 3 we have details of the out-
crop of two veins, B, B,and C, C, running north and
south on the two sides of a ridge, and both dipping to
the west; and in fig. 5 similar details of two veins 4, 4,
and D, D, dipping east. The outcrops in fig. 3 are
shown by the black lines 4, 4, and D, D, and in fig. 5 by
the similar lines B, B, and C, €. A little study of these
figures will make the matter clear, without elaborate de-
scription. All the peculiarities of the outcrop may be
illustrated by taking a large smooth potato, and cutting
it into halveslengthwise. Lay the two halves flat side
down on the table side by side and we have two minia-
ture hills with a ravine between them. Now if a cut be
made across both hills inclining from right to left we
shall have a vein in miniature, and if the pieces be
drawn slightly apart so as to show the white of the
inside in contrast with the brown skin, the pale line
thus made visible will indicate the outcrep of the
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vein, and will be found similar to figs. 3 and 5. By
making the first cut flat and subsequent ones steeper
the gradual approach of the outcrop to a straight line
as the view becomes more and more vertical will be
quickly apparent, until the vertical cut will represent
the vein F in pl. 9, fig. 1.

The outcrop may either be a very conspicuous
object standing many feet above the surrounding sur-
face or barely visible on the hillside; it may be merely
outlined by a surface depression, or form a deep gorge,
according to the relative hardness of the vein matter
and the country rock, or the difference in the contents
of the vein at different points in its length.

Dikes, which have a nearly uniform composition
throughout their length, often traverse a country for
miles, standing up like ruined walls, as at the Devil’s
Slide in Utah, on the Union Pacific railway, and at
other places which nearly every traveler can recall,
but such uniformity very seldom exists in mineral
veins. On the mother lode of California the barren
portions are largely made up of threads and stringers,
while the valuable portions consist of immense bodies
of solid quartz, which have protected the present hills
from wear and tear, while the ravines have been cut
out alongside the lode (pl. 7, fig. 6) or through the
barren portions at right angles, or nearly so, to the
vein, as in pl. 9, fig. 7, where A, 4, represent quartz
bodies; B, the barren intermediate ground and e¢,c,
the visible outerops. This structure is continuous for
many miles. In Mariposa county especially the heavy
white quartz crops out from the crests of one hill
after another, crossing their summits like the comb of
a helmet, in a most conspicuous manner, with deep
intermediate ravines. In these cases the ravines are
due to the absence of ore in the outcrop, but in other
cases the ravines are due to the presence of soft, friable,
easﬂy decomposed ore in the lodes, and form a]ong the
veins, in gorges of varying depth according to the
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degree of difference in hardness between the lode and
its wall rocks. A good illustration of this structure is
found in the Monte Cristo district on the west slope
of the Cascade range in Washington, where the abrunt
bluffs, forming the walls of an ancient glacier basin,
are furrowed with deep, abrupt gorges, similar to pl.
9, fig. 6. The veins here cut across the slates with a
dip of about 60°, and having undergone extensive
alteration, besides being mineralized with friable ores,
. are now softer than the metamorphic slates, so that as
the vein wore away the overhanging wedge of rock B,
broke off from time to time, leaving a steep slope to
the footwall side of the ravine, and a nearly vertical
bluff above the hanging wall, from which large frag-
ments are annually detached by the action of frost and
sunshine, widening the ravine, while at the same time
the melting snows deepen its bed along the course of
the vein. In such cases the foot of the bluffs is cov-
ered with an immense ‘‘talus’’ or broken rock slope,
congisting of angular frost-detached fragments broken
from the cliff above, which have buried the outerops
in the lower portions of the valley, roughly indicating
their position, however, by winrows of immense bowl-
ders which have been detached, for want of support,
from the overhanging wedge B, and have rolled down
the slope without being more than partially broken
up in the fall.

In other cases the hardness of the vein matter and
that of the inclosing rock may be so nicely balanced
that they both wear down at about the same rate, and
the croppings may be covered with earth, ete., or as
the prospector says, ‘‘blind;’’ that is, hidden or hardly
visible; or the vein may become blind because since
the time of its formation new strata or volecanic over-
flows have been laid down upon the containing rocks,
as in pl. 15, figs. 13 and 14, which show such a case
in longitudinal and cross section. In this case if
ravines have cut down through the ‘‘cap-rock’’ the
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vein may be seen cropping on the side of the ravine as
at 4, fig. 13, being lost under the cap B, but reap-
pearing at €' on the other side of the hill.

This cap may be either sedimentary or eruptive
rock, or it may be the consolidated snow (neré) of a
snowfield, both forms being seen in the Monte Cristo
region; so that the importance of determining accu-
rately the strike and dip of the vein, so as to recognize
it on both sides of the mountain, becomes very appar-
ent.

But in whatever manner the outcrops may occur the
same rule will generally hold good for quite an exten-
sive district or group of veins, and a recognition of
this fact may save the prospector many a weary mile
of travel and hard climbing.

If the vein has a very flat dip and is located on a
more or less conieal hill, it may even crop entirely
round the summit of such a peak, as shown in pl. 7,
figs. 10, 11, in which fig. 10 is a vertical section and
fig. 11 a ground plan of the same. We have here a
gseries of trap dikes with bedded quartz veins lying
between granite and slate. The drawings represent
the Vanderbilt mine near Silver Peak, Nevada, and
show a similar: structure to that of the Tyndall mine
in Colorado.

Spurs.—It not infrequently happens that a vein pre-
sents more than one outcrop, the main lode presenting
itself at the surface with several minor lateral
branches, as shown in the cross section of the Dol-
coath mine, pl. 7, fig. 1. These are generally more
numerous on the hanging wall side of the lode, and
present in the greatest numbers when the dip of the
vein is flat, as was the case in the Comstock lode, of
which a general idea is presented in pl. 2, fig. 2.
These ‘‘spurs’’ may run nearly parallel to the main
lode, and standing more vertically unite with it in
depth, or they may run out into the general bedding
of the rock, as shown in pl. 6, fig. 2, s,s,s. In the
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former case it i1s easy to understand how the cracks in
which they are formed were made by the weight of
the overhanging wedge breaking it across from time to
time, or the sliding of the hanging wall on the foot-
wall pulling it apart, a cause which might also give
rise to the spurs which branch out into the bedding.

Horses.—In other cases, especially in very large
veins, these spurs after leaving the vein may reunite
with it in all directions, resulting in a mass of barren
rock entirely surrounded by vein matter, to which the
term ‘‘horse’’ is wusually applied. These are fre-
quently spoken of as masses of rock which have fallen
into the fissure, but they have usually moved but a
very slight distance, if at all, from their original posi-
tion.

Walls.—When the vein is vertical the walls may be
distinguished by the points of the compass, as the
north, south, east or west wall, but when the vein has
a slanting dip the lower wall is designated as the
““foot wall’’ and the upper as the ‘‘hanging wall,’’ as
in pl. 7, fig. 7, where the granite forms the foot wall,
and the slates the hanging wall of the quartz series B.
In England the term ‘‘cheeks’’ is sometimes applied to
the walls.

Gouge.—Not infrequently there occurs between the
vein matter and the country rock a seam of clayey
matter called ‘“‘gouge’’ or ‘‘selvage,’’ which may be of
extreme thinness or reach a thickness of as much as 30
ft., as in the Potosi mine on the Cromstock lode.
This is apparently the result of a grinding or crushing
movement of the walls of the vein upon each other,
under enormous pressure, and where a portion of the
vein has been mixed with material from the walls the
gouge is often rich enough in mineral to go to the
reduction works. Mine clay may also result from
chemical decomposition of the wall rocks.

Shickensides.—Where the motion has been consider-
able, and the walls or vein are hard enough to resist
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the grinding action and reduction to clay, both the
wall and the vein matter become marked with parallel
lines or strice, called ‘‘slickensides,’’ or ‘‘slickens,’’
which indicate the direction of the motion, and fre-
quently the quartz or wall has taken a polish equal to
anything which can be produced artificially.

““ Frozen”’ Veins.—In other cases it may happen
that there is only one well defined wall, the vein mat-
ter being firmly attached to the other, and gradually
fading out into the barren country rock, as shown in
pl. 6, fig. 3, where C, C, may be slates or any other
rock; A, a dike cutting the same, and B the ore vein
with a well defined wall on the right hand but
““frozen’’ to the dike on the left side. The condition
of the walls is a matter of much interest to the miner.
If the ore is frozen to its alls on both sides it is
almost a positive indication of uncertainty of continu-
ance in depth, but heavy clay seams or gouges are
taken as favorable indications from the evidence they
supply of a deep-seated fissure.

Vein Matter.—The material with which the vein is
filled is known as the ‘‘gangue’’ or ‘“matrix,’’ usually
by the former term. It is not necessarily quartz. It
may be limespar (calcite, calespar) fluorspar, barytes,
or even the decomposed remains of a porphyry dike.
The term matrix alludes to the filling being the
mother of the ore. It does not follow that all this
gangue carries ore, or that it is of uniform thickness
through the entire length of the lode. The movement
of the walls may have brought two swells opposite
each other, as in pl. 6, fig. 2, at Band in pl. 2, fig. 9,
and the vein is then said to ‘““pinch’’ or ‘‘peter out;’’
or the ore may be confined to slabs on the walls, as in
pl. 6, fig. 6, where B may represent ore and A4 the
barren quartz gangue. Fig. 5, on the same plate, is
an exaggerated representation of - a condition fre-
quently seen in the softer kinds of granite, where
instead of the vein pinching completely, as in fig. 2,
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the motion since the vein was filled with quartz (black)
has been able to reduce the portions of the wall rock
between the swells B, B, to a condition of gouge or
nearly so, and a new wall has been established as
W, W.

Ore Chutes.—It may happen that all the gangue or
matrix is charged with ore, but this is seldom the
case. In the majority of cases there are wide and long
barren spaces in the lode and the ore is concentrated
into ‘“‘chutes’’ (also spelled ‘‘shoots’’), as shown in
pl. 9, fig. 7, A,A. These may vary greatly in dimen-
sions, being sometimes so short horizontally in pro-
portion to their length that they are called ‘‘pipes.’’
In addition to the dip, which they have in common
with the vein, they have an inclination to the right or
left of a line drawn on the dip at right angles to the
strike, which his called the ‘‘rake.’’ For instance,
looking down an incline on the vein, the ore may go
off to the right or left of this incline, and this feature
is usually common to all the veins in a district which
have the same strike and dip, and the rake is usually
the greatest in the flattest veins. In pl. 9, fig. 2 (a
cross section) shows the dip of the vein, and fig. 4 (a
longitudinal section) the rake of the ore chute C,
which is estimated from the true dip line, in this case
37°.

Masses.—Under this head are included irregular
deposits which cannot be classed as either beds or
veins. Their forms are various, and sometimes they
are merely indefinite impregnations in permeable
ground, leached out from finely disseminated mineral
in the surrounding country rocks. Some iron and
manganese ore bodies, formed in troughs or cup-
shaped depressions, are best described as ‘‘masses,’’ as
also are many segregated deposits of tin, copper, and
silver ores. The most pronounced type is perhaps to
be found in the large isolated bodies of lead and zinc
ores in limestone. Small deposits, of whatever min-
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eral, are called ‘‘pockets’” or ‘““bunches.’”” The main
characteristics of masses are irregularity and isolation;
but these do not prevent their being, in many instances,
very valuable. If their shape is decided in any direc-
tion, they may be said to have strike, dip, rake or
pitch, roof and floor, or walls, etc. '



CHAPTER V.
ORIGIN OF VEINS.

AvLL veins of whatever kind, whether bearing valua-
ble minerals or not, are the result of movements in the
upper portions of the earth’s crust, producing cracks
or crevices, which have been subsequently enlarged
and filled with some material different in its physical
and chemical qualities and appearance from the rocks
in which the fracture has taken place.

These movements, which may be the result of earth-
quakes, or the readjustment of the pressure caused by
the thinning of one portion of the crust by denuda-
tion and the thickening of another portion by the
deposition upon it of all the material brought down
from the mountains by the action of rivers, are inti-
mately connected with the process of mountain build-
ing, and consequently show themselves most strikingly
in mountain regions, in which also voleanic agencies
have played a most important part.

Fissures anxp Favrrs.—Such fractures in the rocks,
when they have been accompanied with more or less
motion of one side of the mass upon the other, or of
both on each other, are known as “‘faults’’ or disloca-
tions. They may show themselves only by a mass of
broken material, or the break may be comparatively
clean- cut, and may be very short, or extend for many
miles, as in New Zealand, where one earthquake (1845)
produced a fissure in the southern island which aver-
aged 18 in. in width and was traceable for a distance
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of 60 miles parallel to the axes of the mountain chain,
while the earthquake of 1855 gave rise to a fracture
which could be traced along the base of a line of cliffs
for a distance of about 90 miles.

But whatever the cause and however long the fissure
may be, it must terminate at each end somewhere,
otherwise it would cut the world in two; and it is evi-
dent that however great the elevation or depression of
the bounding walls at any one point, there can be no
such motion at its two extremities; and that the
grinding action of the motion, which prepares the fis-
sure for the formation of a mineral vein, must be
nothing at either end, and greatest where the displace-
ment of the walls has been most extensive.

It does not, however, follow that all fissures will
produce mineral veins, for there must be a combina-
tion of circumstances to cause such depositions; but
as these faults may have been, and often have been,
formed subsequent to the formation of bedded de-
posits such as those of coal, iron or gold-bearing
gravels, it is therefore necessary to know something
of the features which these faults present to enable us
to again find a broken bed or vein when lost in the
course of working.

Throw.—The simplest form of fissure is shown on
pl. 3, fig. 4, A B, with the greatest motion at n,0; CD
in the same figure (after Geikie) shows a fissure split-
ting at the ends into minor branches, the amount of
““throw’’ or displacement of the walls being given in
figures, which indicate the greatest movement in the
middle, as before explained; while FF shows one in
which the walls have been drawn apart at right angles,
or nearly so, to the main fissure, forming ‘‘spurs.’’ A
similar structure is shown in pl. 6, fig. 2. InCD, pl.
3, fig. 4, while the greatest total movement has been
say 30 ft. it does not follow that all this movement was
on one side of the fissure, for one side may have been
raised and the other depressed in varying proportions.
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These figures are horizontal plans. Pl 1, figs. 3, 4,5
6, 7, show the simplest kind of fault in vertical cross
section, if the break were an absolutely straight line,
which, however, is not often, if ever, the case. Fig.
3 shows a fracture in a series of bedded rocks without
any apparent displacement, although it is possible that
there might have been such horizontally. Figs. 4 and
5 show a movement of either or both of the two walls
on each other in the direction of the arrowheads; but
there would be nothing in such a case, as the fracture
is clean cut, to indicate the direction in which the
movement had taken place, whether the foot wall had
been depressed as in fig. 5 or elevated as in fig. 4, or
the reverse in the case of the hanging walls; but in
fig. 6, 7, the movement is clearly shown by the bent
and broken edges of the strata, to he an ordinary fault
or depression of the hanging wall in fig. 6.

Reverse Throw.—Elevation of the hanging wall (or
depression of the foot wall) is shown in pl. 1, fig. 7.
Such a throw is also seen in pl. 11, fig. 5, from the
gravel pit at Laporte, Cal. The direction of the
throw is called the ‘“hade.’’

Pockets Formed by Faulting.—If a fault, instead
of being a clean, straight cut, has a sinuous or wavy
form, as in pl. 2, fig. 7, the result of motion of the
walls in the direction of the arrowheads would be very
different, producing the form shown in fig. 8, or a
vein of very uniform width throughout, if the move-
ment were a mere separation horizontally ; whereas, if
the movement had been in the direction of the arrows
in fig. 9, the swells of oné wall may have been brought
against the swells of the other wall, resulting in a
series of lens-shaped pockets, especially if the course
or strike of the lode be also sinuous and it has suffered
more or less longitudinal as well as vertical displace-
ment. On sinking on the outcrop at a, fig. 9, the vein
would be found widening rapidly, forming what the
Mexicans call an ‘“A’’ vein; while, if the surface had
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been worn away to the dotted line be, similar sinking
would reveal a vein rapidly diminishing in width or a
““V’? vein.

Very rapid widening of an ore body in this way is
liable to be accompanied by an equally rapid contrac-
tion, and vice versa. An easy method of getting a
thorough understanding of this important phase of
fissure structure is to tear a piece of paper in two
halves along a wavy line such as is shown on pl. 2, fig.
7; when, by moving them apart in various directions
upon a dark background, every phase of the question
can be readily studied, particularly if in one instance
the waves are made short and deep, and in another
long and gentle. Pl. 6, fig. 5, is an exaggerated illus-
tration of such structure, to show that when the ore
(black) is lost at B the search for the next swell must
be continued by following the crosshead or seam which
cuts the ore body off (this being the original fissure
line), and not by following the false wall W W, which
has only been formed by the motion and pressure
crushing the swells of the country rock 4B into a shat-
tered mass of vein matter; or, yet worse, by presum-
ing that the course of the ore body is the general
course of the vein, and following that direction into
the country rock on one of the joints which originally
determined the shape and position of the swells on the
line of fracture.

Gashes.—When such fissures have been formed by
pressure from below bulging the surface upward as in
pl. 2, fig. 4, a simple gash may have been formed,
which was later on filled with mineral matter from
above or laterally; or by the action of surface waters,
became, as we so often find, the line of a watercourse
following an anticline e. A sagging in a syncline
might conceivably give rise to the opposite effect, as
in fig. 5.

Step Faults.—In other cases, the elevation has been
so great, and the strain on the strata so enormous that
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when they did give way the central mass with the
largest base exposed to the elevating force has been
thrust furthest upward, while the masses on either
side have settled down in gradually lessening steps
until the movement fades out into undisturbed coun-
try, producing a series of ‘‘step faults,’’ of which pl.
1, fig. 1 is an ideal and fig. 2 an actual illustration,
the latter being taken from the reports of Prof. Em-
mons on Leadville, Col., where the drop of 2,000 ft.
at the Mosquito fault is reduced going westward to
only 750 ft. at the Carbonate.

Trough Faults.—The faults shown in pl. 3, figs. 1,
2, 8, known as ‘““trough faults,”” are more compli-
cated, and are best explained in the language of Mr.
Jukes, who proposed the following satisfactory solu-
tion of the problem: ‘‘Suppose the beds A4, BB,
ete., fig. 2, to have been formerly in a state of tension,
arising from the bulging tendency of an internal force,
and one fissure, F'F, to have been formed below, which
on its course to the surface splits into two, ED and
EC. If the elevatory force were then continued, the
wedge-like piece of rock between these two fissures,
being unsupported, as the rocks on each side sepa-
rated, would settle down into the gap as in fig. 3. If
the elevatory force were greater near the fissure than
further from it, the single fissure below would have a
tendency to gape upward, and swallow down the
wedge, so that eventually this might settle down, and
become fixed at a point much below its previous rela-
tive position. Considerable friction and destruction
of the rocks, so as to cut off thecorners g, h, fig. 3, on
either side, would probably take place along the sides
of the fissures, and thus widen the gap, and allow the
wedge-shaped piece to settle down still further.
When the forces of elevation were withdrawn, the
rocks would doubtless have a tendency to settle down
again, but these newly included wedge-shaped and
other masses would no longer fit into the old spaces,
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so that great compression and great lateral pressure
might then take place.”” Pl. 4, fig. 5, (after Jukes)
shows such a fault or wedge cutting into a bed
of coal, which from the emormous pressure resulting
from the resettlement of the strata ‘‘has been reduced
to a paste of coal dust and very small coal.”’

Very frequently the line of fault becomes the bed of
a watercourse and in time a ravine. This may result
not only from the weaker nature of the rock on this
line (as evidenced by the faulting itself), but also
from the tilting of strata along the fault plane. Such
a fault-formed valley may or may not at present be
occupied by a watercourse. Pl 12, fig. 9, shows a
cafion following a fault in Death Valley, Cal.

Every mountain region is full of faults, and they
abound especially along the great ranges, where the
movements have been so great as to bring to the sur-
face, alongside of each other, rocks which in the order
of succession are separated by many thousands of feet;
and in these movements we have an explanation of the
sudden change in the character of mineral deposits on
opposite sides of lofty mountain chains which some-
times seem inexplicable. But almost every vertical
exposure of rock in such places as railroad cuttings,
and not only of rock but of unsolidified beds of sand
or gravel and clay, shows a multitude of minor fis-
sures intersecting and displacing each other, some-
times in the most complicated manner, but presenting
evidence of the universality of the process which has
opened the way for the circulation of underground
waters, without which it would seem that the filling of
a portion of the fissures could not have been accom-
plished.

There does not appear to have been any time in the
earth’s history since the first solidifying of the surface
when such fracturing and movements have not been
going on, and consequently we find veins of one age
intersected and sometimes dislocated by others formed
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on fractures of later date, until in some cases there
may result a very complicated condition, as shown in
pl. 2, fig. 6, which a thorough knowledge of the
theories of faulting alone can explain, and for want of
which loss and disappointment may ensue from min-
ing operations therein. It does not, however, follow
that because one vein may be apparently faulted and
thrown by another, such is always the case, as at the
crossing of A4 and CC, where the fissure 4 may
have jumped along C because the line of least resist-
ance may have been different on the two sides of U,
which would make 4 younger than C; but where the
dragging of the rocks is present, as at the intersection
of AA with BB, the presumption is strong in the
absence of other evidence that 44 has been faulted
and thrown by BB.

Stockworks.—The complication arising from these
sources may be so intricate that it becomes impossible
to say which set of fissures is of most ancient date,
and they may become so numerous and minute that
individual mining becomes an impossibility, and the
mass is extracted as a whole, if extracted at all, under
the name of a ‘‘stockwork.”’

Rocks vary so greatly in their hardness, texture,
composition, brittleness, and facility of splitting that
they break in very different ways, and this peculiarity
must inevitably exert an influence on the character of
the fissures by which they may be traversed, and a
knowledge of what may be expected in each case is
essential to a clear understanding of the methods to
be employed in opening and working mineral veins to
the best advantage.

““True Fissure Veins.”’—Anyone of the faults shown
in pl. 1, which must evidently extend downward to an
unknown depth, may under certain conditions form
what is known as a ‘‘true fissure vein’’ (an old-time
term for what was thought to be the best and most
permanent type of a mineral deposit), which is simply
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a fissure, sometimes miles in length, coursing directly
across the country in a more or less straight line, and
cutting through the rocks indiseriminately, but vary-
ing in width and character according to the rock in
which it may occur both in length and depth, and
filled with mineral matter other than eruptive rocks.

Strike Faults.—A fault may cut the rock formations
at right angles to their strike, or it may run more or
less parallel with the strike, but cut the rocks on their
dip, by being usually more nearly vertical than the
strata penetrated, in which case the vein would be
formed on a ““strike fault,”’ and at the surface present
many resemblances to what is known as a ““contact
vein.”’

Effect of Country Rocks on Fissures.—If the fissure
is entirely in the same rock it may maintain a toler-
ably uniform character for its entire length and depth,
but if it cut rocks of various kinds it may pinch out
almost entirely in those which are tough, expanding
in those which fracture more easily, either from split-
ting readily (as slates) or from extra brittleness (as
certain quartzites). If it traverse a limestone forma-
tion it may for a time completely lose the character of
a fissure vein with definite walls, in a comparatively
short time after its formation, on account of the great
facility with which lime is removed by the action of
water, especially when containing carbonic acid, and
the irregular cavernous structure thus caused.

It therefore becomes an important question when
ore is found in a certain rock to ascertain to what
extent that rock is developed, and whether the associ-
ated rocks are of such a character for hardness or soft-
ness that a vein, as the miners say, can live in it.
The writer has in mind an extensive region where the
disregard of these general principles has led to the
useless expenditure of large sums on veins which a
very slight geological knowledge would have taught
the miners could not be of permanent value, because,
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however rich the surface ores, they were contained in
the fragments of a bed of schists overlying a tough
solid syenite, in which the vein exposures were very
narrow, and into which the veins found in the schists
would inevitably pass in their lower portions.

If the vein has been formed on a strike fault, there
is a yet greater chance of irregularity from the ten-
dency of the break at times to follow the bedding
planes of the rocks, while at others it cuts through
them, resulting in shattered masses which form
‘‘horses’’ or barren patches of country rock in the
middle of the ore body; or the fracturing may have
been so extensive laterally that we have a mass of
parallel threads and stringers, instead of a smaller but
more compact deposit.

Conracr VeiNs.—From such veins as the latter the
passage is easy to those formed on the contact of two
bodies of rock of different kinds. Such contacts may
be divided into four groups: (1) Contacts between
sedimentary rocks such as slate and quartzite, quart-
zite and limestone, or sandstone and conglomerate;
(2) contacts between sedimentary and intrusive or
igneous rocks, such as slate and granite, or limestone
and porphyry; (3) contacts between two igneous
rocks as porphyry and syenite; and (4) contacts on
the walls of dikes which may traverse a series of either
sedimentary or igneous rocks.

When contact veins of the first two classes stand at
a high angle or approach the vertical there is at first
sight but little difference in their appearance from
fissure veins, but as they always maintain the same
relation to the inclosing rocks they are apt to have a
more uniform character both in structure and filling.
It is plain also that they must partake of all the wavy
irregularities of shape which have been imparted to
the rocks in their upheaval, and if followed downward
to a sufficient depth must eventually flatten out, as no
beds of stratifted rock can continue to descend toward
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the center of the earth indefinitely, from the very
nature of their origin; still, the contact is usually of
great extent, and there is no reason why the vein
should not be so also.

This feature becomes especially pronounced when
the contact lies nearly horizontal or only slightly
inclined, as at Leadville, because we are able to reach
it with comparatively shallow shafts over large areas,
the extent of which in one direction represents the
strike of a vertical lode, while the extent in the other
is practically the same as the depth reached on the
vertical lode only by deep sinking with all its limita-
tions. In such horizontal contact deposits we do not
look for horizontal motion, and have only to encounter
the troubles arising from subsequent faulting, as in pl.
1, figs. 1 and 2, but in many cases of steeper contacts
there are evidences of vertical motion, in which case
we shall usually find the contact to be local and acci-
dental; the fissure being really a strike fault cou-
tinued to the surface on a contact plane which proved
to be the line of greatest weakness, as in the case of
the Comstock lode in Nevada, which strikes nearly
parallel with the axis of the mountains on whose flanks
it is located, and presents varying contacts in Virginia
City, Gold Hill, and Silver Citv, but has been proved
to descend into the syenite at Virginia City, below
the level of the Sutro tunnel, the character of the lode
changing at the same time as well as the composition
of the ore. Thus evidence of motion in an apparently
contact vein may be taken as prima facie proof that
the contact is not continuous, and that the vein really
belongs to the group of fissure veins, and will partake
of all their peculiarities of structure and filling.

When two sedimentary rocks are conformable, but
have a more or less wavy surface of junction, a sliding
movement of one upon the other will give rise to open-
ings and pinches, just as in the case of secondary
faults on warped planes in homogeneous rock, and an
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opportunity for the formation of a contact vein is
presented, as in pl. 1, fig. 8. Such a vein might be
regarded as either a contact deposit or a fissure vein,
but is more naturally considered in the former class.
As the rocks on the two sides of a contact are seldom
of equal hardness the character of the vein will prob-
ably be governed by that which is most liable to
decay, removal or fracturing. This is especially the
case with slates and limestones, the former on account
of the facility with which they split and crush; the
latter because they are so easily dissolved.
Compression Veins.—No person with any experi-
ence in the mountains can have failed to notice the
folds and bends in slate rocks, from gentle waves to
minute crumplings, which have been produced by
forces pressing on the ends of the lines of stratifica-
tion, until a structure similar to that shown in pl. 6,
fig. 1, has been reached, a structure which can be
easily imitated by squeezing the leaves of a book to-
gother endwise, between the covers, held slightly
apart. If such slates are on a line of contact, as at
the Keystone mine, Amador County, Cal., and have
been subjected to such pressure, many good mines
have been the result; but where such action has taken
place in the body of a large mass of slate, in the
absence of any special controlling element, such as a
dike, great uncertainty will exist as to the extent of
the movement, which, having full play in all direc-
tions, may have simply resulted in a multitude of
irregular minor foldings. In all such cases the whole
vein does not consist of a continuous sheet of ore,
although there may be such at the immediate contact,
but of a series of lenticular masses, overlapping each
other, which may occupy a belt several hundred feet
in width, the broadest portion of one being generally
opposite the thin end of another. It is obvious that
such mines will require extensive cross-cutting to
make certain that no ore body has been overlooked.
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Limestone Contacts.—In a limestone contact,
whether steep or flat, the actual line of contact which
will form one wall of the lode may be comparatively
smooth, while that in the limestone may be very
irregular, depending somewhat on the solidity of the
limestones or their varying degrees of solubility, and
the destruction of the limestone by this means may be
so complete that the ore body will apparently ‘consist
of a cemented conglomerate, the pebbles in which are
only the insoluble cherty or flinty residue soabundant
in chalk and silicious limestones.

The remaining groups may be considered together,
as while there may be cases of contact of two eruptive
rocks without the presence of a dike, as on the Com-
stock, the majority of contact veins in purely eruptive
rocks are alongside of or controlled by dikes cutting
masses of some other variety, as in many Colorado
mines. The essential feature of all lodes formed on
the contact of dikes is that the latter have been
squeezed from below into the fissures as they were
formed, and that consequently their walls must extend
downward to the source of the pasty rock with which
they were filled, and that this source is, in depth,
beyond our ability to explore. While such contact
lodes thus present a general similarity to fissure veins
in their length and depth, they possess one important
feature not present in the latter—that one wall of the
fissure is always of the same composition, a fact which
will tend to maintain a more uniform character in the
filling, at least on one side of the vein. The wall away
from the dike will, of course, be liable to changes as
the rock of which it is formed varies, but such changes
will be rather those incident to the influence of the
heat of the injected dike, as the baking of clay shales
into jaspery or flinty produects, rather than variations
in tlLe shattering of the walls, as the forcing apart of
the walls of the fissure and simultaneous filling with a
plastic substance would prevent grinding of the faces
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of the fissure against each other, while such fragments
of the walls as did fall off would be buried in the
intruded mass, and carried by it upward on its course
toward the surface if the rent extended that far. In
such lodes we may find a sudden change in the prin-
cipal mineral on passage from one rock to another, but
a constant admixture of some other ingredient which
owes its presence to that of the adjacent dike;
or the ore on one wall may be of a totally different
sharacter from that on the other, as at the Key-
stone mine, where, next to the so-called green-
stone hanging wall, the quartz is massive, white and
blocky, while that of the slate foot wall is banded with
numerous parallel blackish lines of slate, making the
“ribbon rock’’ of the miners; or, as on the Comstock,
where the nearly vertical ore bodies in the porphyry,
as they approach the much flatter syenite foot wall,
carry an appreciably larger proportion of gold; or, as
at a mine in northern Washington, the ore on one wall
may be distinctly a silver proposition, and on the
other, only 15 ft. away, as decidedly a gold one.

In all these cases of dike contacts, the point at
which ore will form and the shape of the deposits will
be governed by the same influences as in other con-
tacts, whether the lode has been formed by the gradual
shrinkage of the mass of the dike in cooling, or by
substitution through the circulation of water along its
bounding planes.

Gash Veins.—Shrinkage of sheets of lava may also
produce veins which will not extend into the underly-
ing granite or other rock, as at the Stonewall Jackson
mine, Ariz. Such occurrences may be classed with
the ‘““‘gash veins.”’

Segregated Veins.—In other cases, like that shown
in pl. 7, fig. 5, there may be neither a clean cut fissure
nor a line of contact, nor a controlling dike, but a
series of ore bodies arranged along a general line of
shattering and without definite walls, the change in
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the rock becoming gradually less marked laterally until
it fades out into the unaltered country rock. Such
occurrences are known as ‘‘segregated veins,’’ by
which term it is understood that the mineral has been
concentrated by the action of water into the crevices
of a shattered or sheeted belt of rocks from the sur-
rounding rocks themselves. This ‘‘sheeting’’ is well
seen in many mines in granite, where an apparently
solid and smooth wall will scale off in slabs or sheets,
after a short exposure to the air, making it almost im-
possible to say where the true wall may be, and ren-
dering a large opening necessary to secure a relatively
small amount of ore. Many miners make the mistake
of considering all the sheeted mass as a part of the
vein, thus deceiving themselves with the hope that the
ore body may ultimately be as wide as the sheeted por-
tion. A little study will show the falsity of such a
notion, as it is quite conceivable that the step faults
shown in pl. 1, fig. 1, might be so numerous that the
spaces between would not exceed the thickness of the
slabs just spoken of. Most faults through rocks which
do not break too easily into small fragments show this
sheeted structure, as the result of the dragging of the
sides at the moment of fracture. Where there has
been much of this action we may look for more or less
numerous veins parallel to the main lode of a district,
which may carry more or less ore, but being only ineci-
dents accompanying the prinecipal disruption are less
likely to afford the conditions which will develop them
into lodes of equal value.

GEeNERAL CoNcrusions.—It may therefore be set down
as an axiom in mining that as a prior condition to the
formation of mineral veins there must have been such
fracturing of the rocks as to facilitate the circulation
of underground waters vertically as well as horizon-
tally, and that the nature of the fissures thus produced
will be influenced by the varying hardness, brittleness
or solubility of the rocks thus fractured, as well as by
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the direction in which the force may have been applied.
The ““filling’’ of the vein will depend on other condi-
tions, but one may reasonably expect that the structure
of veins in granite, for instance, will be similar in
widely separated mining camps; and so of veins in
tough limestone, or easily tissile slates, and other
characteristic rocks; and we may take the generaliza-
tion still further, and expect to find all the veins in
any mining district, in the same rock and belonging
to the same system, similar to each other in filling as
well as structure.

But it does not follow of necessity that all veins in
any particular region are of the same age. On the
contrary we frequently find several systems, each char-
acterized by a general common strike and dip, show-
ing that such regions have been the seat of several fis-
sure-forming disturbances, which may have been of
very widely varying force, and followed by fillings of
a totally different character; but usually the most
strongly developed system will either show a decided
parallelism to the general direction of the mountain
range, or else nearly at right angles thereto; and, while
one system may be a good ore producer, another may be
practically valueless. It thus early becomes necessary
to identify their peculiarities and avoid loss.

While absolute dislocation of the strata or rocks
may have been necessary to produce the entire series
of fissure veins, whether parallel to the strike of the
rocks or more or less at right angles to it, simple fold-
ing of the strata may have been sufficient to so far dis-
place the lines of contact of two sedimentary rocks as
to open the way for the formation of contact veins; or
to so far rupture a belt of rocks without actual dis-
placement as to permit the formation of segregated
veins or deposits, or to rupture horizontal beds of
limestone sufficiently to allow the percolation of water
through them, with the consequent excavation of
irregular chambers.
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These changes are common to all mountain regions,
and are not unknown even in comparalively level
countries, but they have not resulted in the formation
of mineral veins in all localities. There are extensive
mountains areas almost entirely destitute of valuable
mineral deposits; and therefore, while the preliminary
fracturing of a country is absolutely essential to the
formation of mineral veins, their subsequent filling
with valuable contents must be explained by the
operation of agencies which were local in their action,
and at the most very indirectly connected with the
agencies which formed the original fissures. The frac-
turing of the rocks simply made the formation of the
veins possible. The formation of a crevice did not
necessarily involve the formation of a vein, but only
governed the physical aspect of such a vein when
formed.



CHAPTER VI
FILLING OF MINERAL VEINS.

Igneous Theory not Tenable.—It is a popular idea
that all mineral veins have been filled from below by
the material being forced into them while in a molten
condition. This would involve intense heat. While
there can be no question that the porphyritic and
basaltic dikes have been filled in this manner, a multi-
tude of facts compel us tolook for some other explana-
tion for the majority of metalliferous veins.

That the intrusion of dikes has been accompanied
with heat is abundantly proved by the changes which
have been effected in the rocks through which they
pass, or into and between which they have been
squeezed as sheets. When cutting through coal beds
or penetrating them, as in pl. 5, fig. 6 (after Jukes),
which covers a length of nearly 1,000 ft., the coal has
been deprived of its volatile matter and becomes what
is called ‘‘blind coal,’’ or is even reduced to a small
quantity of black soot. Sandstones become fused into
a glassy quartzite; slates are hardened into a flinty sub-
stance with change of color, while other rocks have
become porphyritic, as alongside the great trachytic
dike which cuts across Onion Valley in Plumas Coun-
ty, Cal. This dike has a width of about 30 ft. and
stands up as a wall on the hillside to a height of 90
ft. in places, and is apparently connected with surface
sheets which overflowed from it. The country rockisa
blackish green slate, but close to the dike it has been
so altered as to look like a porphyry, being spotted
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with white feldspar crystals, which gradually become
less conspicuous as the vicinity of the dike is left, until
they fade out entirely in the plain-colored, unaltered
general country rock. The same lava flow contains
large fragments of the country rock which have been
torn from the sides of the fissure during its formation.
and altered in exactly the same way, just as we con-
vert clay into brick by the action of heat. From these
well established facts we would be justified in looking
for similar changes in the walls of mineral veins, if
they have been produced in the same way. We do
find changes in the walls, it is true, produced by the
action of heat, but they are such as result from the
action of hot water and steam, and not of molten mat-
ter. The latter when once injected will gradually
cool off, and when once cold will produce no further
change, while the hot water may continue to circulate
for ages, so long as the source of heat remains un-
changed, and produce changes much more extensive
and more widely disseminated than the action of
injected lavas.

A few illustrations may render the discussion of this
question more intelligible, and lead naturally to the
1mp0rtant influence which rocks have on the nature of
the vein material.

It is well known that if we melt copper and silver
together we produce an alloy in which the silver is indis-
tinguishable except by assay or analysis, yet in the
Lake Superior copper mines we find blotches of white
silver in the heart of solid masses of native copper or
crystallized on the surface of the copper, showing that
1n the latter case plainly, and in the former by infer-
ence, copper and silver were deposited in the vein
alternately, some of the silver at least after the forma-
tion of the copper had ceased.

At the Head Center mine, Tombstone, Ariz., crystals
of gold are found planted on the surface of horn silver
(chloride of silver); yet when melted together gold
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and silver form an alloy withk the greatest facmty, and
the affinity of the metals for each other is so great that
native gold always contains more or less silver.

At the Alston Moor lead mines in England, where
galena in a matrix or gangue of fluorspar is worked,
lead crystals (galena) are bedded in fluorspar, with lime
crystals (caleite) planted on the lead crystals, and
crystals of ‘‘blackjack’’ (zincblende) on the lime
crystals—four minerals superimposed on each other,
one at least of them (zincblende) volatile at a low
temperature and another (lime) practically infusible.

In the Sierra Nevada mine, Virginia City, Nev., a
seam of broken rock and clay, which has been made
since the formation of the vein, is filled with minute
crystals of red oxide of copper, formed by the coppery
waters which filter through it from the higher levels.

In the upper part of the wash of Furnace creek, on
the eastern side of Death Valley, Cal., is a beautifully
regular vein of fibrous limestone (satin spar) cutting
nearly vertically through beds of coarse conglomerate,
which show no signs of alteration (pl. 7, fig. 8). Fig.
9, same plate, shows quartz veins in the same neigh-
borhood and similarly located.

In the mines at Batopilas, Mexico, native silver
occurs in veins of calespar, which have an extraordi-
nary persistence, frequently dwindling down to a mere
seam, often less than 1in. wide for long distances, and
then opening out to a width of several feet. In places
probably 90245 of the ore is crystallized native silver, a
large proportion of the remainder being crystallized
ruby silver (arsenical) and crystallized black sulphide
of silver, the latter often in branching flakes like moss
formed in the joints of the rock alongside the veins.

Near Yankee Hill, Butte County, Cal., beautiful
specimens of crystallized gold are found in the joints
of the porphyries, usually in thin flakcs, taking the
shape of combs, fern fronds, etc. In this case there is
no indication of veins or vein matter.
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At West Point, Calavéras County, Cal., gold occurs
in the solid granite. At Drytown, Amador County,
Cal., gold occurs in limestone; and in Mariposa
County, near Coulterville, both in the black clay slates
and serpentines. At Fiddletown, in Eldorado County,
gold is found in the iron pyrites which abound in the
slates. The crystals are often of considerable size,
chiefly cubes, and the gold can be seen projecting
from the smooth faces of the crystals.

It would be possible to extend the list of similar
cases of crystallization indefinitely, but it is not neces-
sary to more than call attention to the fact that in
many cases, if not in all, these crystals are formed in
cavities, many of them of such size as to be called
caves or caverns, which are not characteristic of any
of the dikes which we know to be the result of injec-
tion from below. Good illustrations of thisformation
of crystals in closed cavities may beseen in the hollow
balls filled with quartz crystals, called ‘‘geodes.’’ The
miners call the smaller cavities found in veins ‘‘vugs.’’

Metals also occur in gash veins which must have
been filled from the surrounding rocks, having no con-
nection with the interior of the earth.

Galena occurs in irregular deposits in limestone,
where there is no evidence of vein structure.

Chrome iron occurs in isolated masses in blackish-
green hornblende schists; while platinum, iridium,
osmium, etec., occur chiefly as grains in sand or gravel
deposits, which have probably been derived from the
decay of rock strata, and not from veins, as their
occurrence in veins is unknown.

In the case of the ‘‘compression veins’’ in slates, as
at Amador and Sutter Creek, Cal., pl. 6, fig. 1, the ore
bodies, ecarrying gold, are often completely sur-
rounded with slates identically the same as the black
clay slates to the westward of the vein, which show no
trace of alteration by heat either as applied by molten
lava or hot water, although they have been subjected
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to immense pressure and have been folded in every
direction.

In Cornwall the remarkable case occurs of a vein
producing copper for many hundred feet in depth,
while encased in slates (called ‘‘killas’’), but chang-
ing to tin when it passes into the underlying granite,
as shown in pl. 8 and pl. 7, fig. 1, which represent a
longitudinal section and a cross section of the Dol-
coath mine.

Again, we have those peculiar veins in which the
minerals are arranged in bands parallel to the walls,
as in pl. 7, fig. 4. This case is similar to those in
which ecrystals of different minerals have been
deposited on the top of each other in succession.

In pl. 7, fig. 5, we have a case in which a band of
rock has been altered, and contains more or less
parallel ore bodies (shown in black), with numerous
threads and stringers connecting them, the whole
‘“stockwork’’ fading out into the inclosing rock with-
out any positive definition or walls.

Many other cases of interest might be cited, but these
are sufficient to show the difficulties which surround the
theory of igneous filling of mineral veins from below
by injection in the form of molten or pasty matter.

In the case of the limestone deposits there is no con-
nection by well defined fissures wich the interior of
the earth, through which the filling could have taken
place; and in the case of the Batopilas mines it is in-
conceivable that a mineral so infusible as limespar
could have been injected into fissures, frequently less
than an inch in width; while if we admit the possi-
bility of the lime being fused, the heat would have
been so intense that the adjacent rocks would have
been fused into lava, and the minerals found in the
injected material would have been volatilized and
entirely eliminated, unless retained by condensation
in the cooler surface rocks, in which case the ores
would be found only near the surface and in the coun-
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try rock as well as in the lode, and the latter would be
barren or unproductive in depth, which from actual
exploration we know is not the case. That heat does
operate in this way we know from the quicksilver
mines of Lake County, Cal., where the surface rocks
are filled with minute globules of mercury, which have
been brought up from below by the action of hot
springs and steam, and condensed near the surface,
where the temperature fell below the volatilizing point
of the mercury.

Similar difficulties meet us in the case of the lime
vein on Furnace Creek, and indeed in all cases where
minerals occur intimately associated with limestone,
either in the body of the rock itself, or in the crevices,
or where it becomes the gangue accompanying the ore.

The occurrence of gold in porphyry, slate, lime,
granite and serpentine, outside of veins, is also inex-
plicable on the theory of upward injection; as also the
presence of minerals in gash veins and the slates of
the mother lode in California.

The same appears patent of all those cases where
minerals are found which readily form alloys and have
a similay melting point, in close contact, yet each re-
taining its individual character; as well as in all cases
of superimposed crystals lining cavities or vugs in the
vein, especially where the cavities are of such dimen-
sions as to become worthy of the name of caves.

That crvstals do form in dikes or veins of igneous
(or rather of plutonic) origin is not denied; but they
form a compact mass, the various minerals crowding
each other to distortion, and mixed in tolerably uni-
form proportions, as in granite and the porphyries, in
which cavities are almost unknown; while such
crystals as they do yield outside of the mass are found
in crevices formed at a later date than the origin of
the rock.

‘We have still the case of the Cornish veins, which is
only a type of many others, where the imagination can



FILLING OF MINERAL VEINS. 105

hardly realize how a vein can be filled from below,
during the same operation, with copper in its upper
portion and tin in its lower, and why the change in
the character of the injected material should have
taken place just at the junction of the two rocks which
were traversed by the fissure.

In such cases as the occurrence of flakes of horn
silver in the joints of quartzites at the Isabel miune,
near Globe, Ariz., which can be scraped off, leaving
the quartzite absolutely barren of silver; and the same
ore in the joints of limestone west of Tueson, Ariz.,
where the surface of the joints gives good assays,
while the silver penetrates the blocks of limestone in
steadily diminishing quantities for only a few inches,
leaving their interior entirely innocent of ore, we can-
not- invoke the igneous theory, because there are no
veins to be injected.

The same may be said of the horn silver found in
the Leeds mine, near the southeast corrner of Nevada,
which in many respects is one of the most remarkable
occurrences of silver on record. There is no true
vein; the matrix or gangue in this case is a nearly
horizontal bed of sandstone, in which are found large
quantities of vegetable remains, such as wood, twigs
and leaves, and it is these which carry chloride of
silver in quantity sufficient to make working of the
mass not only possible but profitable. In this case
there cannot be a suspicion of injection.

More doubt hangs over the silver ores in the
trachytes or rhyolites of the Calico district, San Ber-
nardino County, Cal., which occur in the crevices of a
truly eruptive rock; but even heré the ores may lie in
fissures formed subsequently to the eruption of the
trachyte.

We are thus compelled to look for some other
method by which the fissures, now called veins, have
been filled with their mineral constituents. Among’
those familiar with the subject the igneous theory,
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which held sway for many years, has been generally
abandoned as incapable of explaining the greater por-
tion of the phenomena.

Aqueous Theory.—The distribution of ore in veins
is of the most irregular character. In some of the
gold veins of California the metal is collected in well-
defined poockets, containing all the way from a few
pounds up to half a million dollars, surrounded by
barren white quartz in immense quantities. In other
mines we find the ore in threads and stringers, more or
less parallel to the general direction of the walls, fad-
ing out into the country rock which evidently forms
the general mass of the vein, in fact constituting its
gangue. These and other allied facts suggest the
modern explanation, which attributes the filling of
veins to the circulation of heated waters in the earth’s
crust.

Distribution of Metals, etc., in Nature.—Of late years
researches into the constitution of sea and min-
eral waters has revealed the presence in them of a long
list of elements in the form of salts, establishing the
fact of their solubility in nature as well as in the
chemist’s laboratory. In mineral waters the metals iron,
arsenic, lithium, cesium, rubidium, copper, zin¢ and
manganese have been detected, along with the elements
of earthy minerals which form the gangue of veins,
such as silica, magnesia, lime, alumina, fluorine and
baryta; besides soda, patash, boron, chlorine, iodine,
bromine, phosphorus and sulphur, many of which
latter form salts which are excessively soluble.

Sea water, according to Prof. Forchhammer, in addi-
tion to the chlorides and sulphates of sodium, mag-
nesium, potassium and calecium, contains silica, boric
acid, bromine, iodine, fluorine as acid, and the oxides
of nickel, cobalt, manganese, aluminum, zine, silver,
lead, copper, barium and strontium; and arsenic,
gold, lithium, rubidium, and cesium have been dis-
covered since Forchhammer wrote. The experiments
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of Prof. Liversidge on the sea water off the coast of
Australia give positive results as to the presence of
gold. Other investigators also have detected gold in
gea water.

Daintree reports the occurrence of gold in the ser-
pentines and pyritic diorites of Queensland, and the
pyritic granites of New South Wales.

The nodules or concretions of manganese dredged
from the ocean floor by the Challenger expedition
showed the presence of nickel and cobalt.

Prof. F. Sandberger has announced the discovery of
small quantities of silver, lead, copper, nickel, cobalt,
bismuth, arsenic, antimony and tin, in silicates such
as olivine, augite, horneblende and mica, which are
constituents of igneous rocks.

Prof. Dana records the occurreuce of nickel in the
Vesuvian lavas, and also the chlorides of lead, copper,
iron and manganese, as forming on the lavas at the
craters from the heated vapors; and similar results
would probably be obtained at other volcanoes had
they been as carefully studied. He also notes the
presence in minerals which form a portion of gneiss
and granite, of manganese, lithium, cerium, lantha-
num, didymium, yttrium, zine, berylium, titanium,
molybdenum and cobalt; the latter metal also in
mica schists with arsenic.

J. S. Curtis determined the presence of gold and
silver in the silicates of the rocks adjacent to the Com-
stock lode, the silver chiefly in those of the hanging
wall diabase or porphyry and the gold in those of the
foot wall syenite; and when writing on the quicksilver
deposits of the Pacific coast of the United States,
Prof. G. F. Becker reports the presence of antimony,
arsenic, lead and copper in the underlying granites
at Steamboat Springs, Nev.; and records the fact that
these springs are to-day depositing quicksilver, gold,
antimony, arsenic, lead and copper.

Daubrée gives the following list of elements, ar-
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ranged somewhat in the degree of their importance
(Maskelyne adds lithium and antimony): iron, mag-
nesium, silicon, oxygen, nickel, cobalt, chromium,
manganese, titanium, copper, aluminum, potassium,
sodium, calcium, arsenic, phosphorus, nitrogen, sul-
phur, chlorine, carbon and hydrogen, several of the
compounds of which are peculiar to meteorites. The
majority of the meteoroids with which the earth
comes in contact are exceedingly small, and a weight
of 1,000 lb. is probably uncommon, but when the
daily number encountered by the earth, estimated at
20,000,000, is multiplied by vears and centuries it is
evident that the addition of their contained minerals
to the earth’s surface is worthy of notice. These
minerals, forming part of the sedimentary strata, could
find their way into veins without even the intervention
of volecanic agency. It is more than probable that the
cobalt-nickel-manganese nodules of the deep sea are
derived from the meteoric dust falling on its surface.

Outside of the eruptive rocks we find ore minerals
disseminated-in secondary or stratified rocks, such as
slates and sandstones, as well as in limestones, and it
is from all of these sources combined that the metals
have been concentrated into veins.

Underground Circulation.—It is evident that water
is the active factor in all these changes. We must
remember that a considerable portion of the water
which falls upon the surface of the earth does not pass
off promptly into the rivers, but is absorbed by the
earth and rocks, and by the action of gravity pene-
trates to depths practically unknown. Of this we
have absolute demonstration from its presence in the
quartz crystals of deep-origined eruptive rocks, as
numerous but exceedingly small bubbles, only visible
under a powerful microscope; and from the enormous
volumes of steam which are given off by volcanoes in
eruption, and which continue to be evolved from the
lavas after their ejection. We must not imagine the
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crust of the earth as a solid mass, through only the
crevices of which water may find a passage; there is
abundant evidence that every particle of the earth’s
crust to depths of which we have any knowledge, and
presumably far below, is charged with water, and that
there is no substance known which is not permeable
by it. Under pressure it can be forced through iron,
appearing as a perspiration on the outer surface of
the confining flask, and with such a practical demon-
stration we are compelled to admit the fact as stated.
Heat.—While this water at the surface may be cold,
we know from the evidence of borings and mining
works that the temperature increases with depth from
that point near the surface at which it remains sta-
tionary through summer and winter alike, so that in
the Comstock lode, at the 2,300-ft. level of the C. & C.
shaft, the thermometer registered about 150° F., and
at the 3,000-ft. level of the Yellow Jacket shaft 170°.
There is no difficulty in imagining this temperature
increasing to the boiling point of water (212°) and
rising greatly higher, until it becomes so intense that
the water may be said to be ‘‘white hot.”” This heat
is not the product of actual fires. It may be partly
caused by chemical action, but is more extensively
due, in all probability, to the pressure on the earth’s
crust caused by its steady and constant contraction as
it cools, and to the friction from the wrinkling move-
ments. The rocks become hot during compression and
movement and impart their heat to the contained
water, which, aided by hydrostatic pressure, brings
it to the surface and it is dissipated in hot springs;
or, if such a vent is not made, by volcanic eruptions,
or the intrusion of lava into upper and colder strata.
Solution, Transportation and Deposition.—We are
now prepared to understand the action of water in the
subsequent processes. We have the waters penetrat-
ing the rocks everywhere, the cooler waters descend-
ing, the heated ones tending to rise, or being forced
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to the surface along the lines of least resistance, such
as the fault fissures, by the pressure of other waters or
steam.

The ability of water to decompose rocks depends on
the presence of carbonic acid and alkaline material
such as the carbonates of soda and potash, and its
solvent powers are increased with a rise of tempera-
ture. Its first carbonic acid is derived by rain water
from the atmosphere, and the moment it touches the
earth it begins its work of decomposition and rear-
rangement, picking up and dissolving one mineral and
depositing another. Water traversing an open fissure
would thus leave a portion of its contents on the walls,
both sides alike, as it gradually cooled in its ascent,
just as sugar candy will crystallize out of the sugar
solution as it is cooled or evaporated, the process of
cooling producing the same result as that of evapora-
tion, in both cases the liquid being unable to carry so
great a load drops it at the first opportunity. In this
manner have veins like those of the Wheal Mary Ann
lode in Cornwall been formed (pl. 7, fig. 4), a, being
chalcedony (silica combined with water), b, glassy
quartz terminating in crystals; ¢, galena; and the
central core d, chalytite (carbonate of iron), the depo-
sition on both walls being similar and indicating the
origin of the minerals. The change in the deposited
mineral may have taken place either because of the
exhaustion of the locality from which it had been col-
lected by the water, or from such divergence in the
course of the underground flow by disturbances like
earthquakes that the material was drawn from a new
series of rocks. A similar incrustation of small cavi-
ties by waters abounding in silica has formed agates,
the banding being due to the changing presence of
the coloring material. Compact and close-grained as
these agates may seem, they are in reality porous, for
it has for centuries been a common practice to boil
them in suitable materials to increase the brilliancy of
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the coloring of the bands, the change being due to the
partial absorption of the material with which they
have been treated. When the cavity has not been
completely filled, it is either left with a smooth sur-
face of chalcedony (which does not crystallize) or
lined with crystals of quartz, calcite, etc. In such
manner also have opals and other minerals been intro-
duced into the oval cavities of basaltic lavas, and thus
we have also an explanation of how minerals can be
deposited as crystals on the top of each other by just
such changes in the character of the circulating waters.

Source of the Ore.—The source of the minerals thus
deposited is to be found in the country rocks of the
region, mainly the eruptives, which, as we have seen,
contain nearly all, and probably would be shown to
contain quite all, of those known; or even from the
secondary or stratified rocks derived ‘from older
igneous rocks, into which the mineral constituents of
the latter must unquestionably have been carried dur-
ing their deposition as sediment. That lavas have
been deprived of their valuable mineral constituents
in this way is fairly proved by the experiments of
Prof. Becker and Dr. Carl Barus, on the Comstock.
The hanging wall of that lode is diabase (in Virginia
City), known by the miners as ‘‘blue porphyry,”’ a
term which well expresses its appearance when freshly
broken. The Sutro tunnel has exposed the structure
of the east country (that is, on the hanging wall side)
for more than three miles, and developed a series of
bands showing plainly the results of solfataric action
(by heated waters), with alternating bands of hard
blue porphyry. Outside of, and next to the lode, the
rock is hard and suggestive of no change, except by
the presence of iron pyrites, which is nearly always a
product of decomposition, but under the. microscope
it becomes evident that extensive changes have taken
place in it. Its crystalline structure has been modi-
fied, the hornblehde and augite (silicates) have been
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altered, pyrite having been made out of their iron,
and the silver which is present in them further away
from the lode has disappeared, the natural conclusion
being that it has found its way into the lode through
water.

Form of Deposit.—All veins were not formed in the
manner described as occurring at the Wheal Mary Ann
lode and others similarly constituted. This presup-
poses an open fissure, and it does not seem possible
that all fissures in which veins have been formed re-
mained open during the process. In many it is plain
that such was not the case, because they show no true
walls, as in the Great Flat lode, Cornwall (pl. 7, fig.
5, and pl. 6, fig. 3), where the ore B is frozen to the
dike 4, and there is only one wall; or in pl. 6, fig. 1,
where the masses are lenticular and not connected
with each other (Keystone mine, Cal.); or in pl.6,
fig. 2, where there is no trace of banding, and the
harging wall shows many feeders or stringers not
seen on the foot wall. The maintenance of an open
fissure in the case of such a structure, as pl. 2, fig. 2 (a
generalized cross section of the Comstock lode in Vir-
ginia City), would have been an impossibility for the
three or four miles of its length, the foot wall having
a dip of only 40°; but it is equally plain that a slight
sliding of the hanging wall on the foot would produce
just such cracks as a, b, ¢, d, accompanied by an im-
mense amount of broken material. In many such cases
there is no true gangue, the ore occurring in the orig-
inal country rock, decomposed it is true, in bands or
stringers more or less parallel to the walls, or strike
of the rocks which have undergone decomposition, but
fading out into the unaltered country rock on either
side as at the Great Flat lode, or only on one side, as
in pl. 6, fig. 3; while in fig. 1 there is one true wall at
the contact line. In these cases we can only aceount
for the presence of ore on the supposition that as the
percolating water dissolved and carried away the par-
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ticles of the rock it left in their place particles of ore,
simply making an exchange, and it can easily be
understood bow this substitution would go on most
rapidly and most extensively in those portions of the
fissure which had been most shattered during its forma-
tion, as the material would have been more largely
¢ground into powder at such points, not only allowing
more water to find its way through those portions, but
presenting vastly greater surfaces to the action of the
water. Thus a cube with faces 1 in. square has a
surface as 6 to 1 of bulk, while a cube with faces 2 in.
square has a surface of only 3 to 1 compared with bulk.
It is at such places that the largest deposits have taken
place, and it is thus that ‘“horses’’ have usually been
formed in the lodes; not by masses falling into an
open fissure, but by the water circulating through
crevices, completely surrounding a block of country
rock. We constantly find pieces of country rock in
veins completely inclosed in ore, and these are only
horses on a very small scale. The Savage mine, at
Virginia City, afforded abundant specimens of min-
eralized porphyry, suggesting this origin, and those
of Monte Cristo, Wash., offer many more illustrations
which are totally inexplicable on any theory of large
open fissures. Many such veins have acquired slicken
sides and gouge by subsequent movements of the rocks,
which would naturally follow such lines of weakness,
and may even have undergone a partial refilling and
reconcentration of their own constituents, some por-
tions having been impoverished to enrich others. That
such movements have taken place is shown by the
crushing of the quartz in some of the larger bodies on
the Comstock lode, so that it was known to the miners
as ‘‘sugar quartz.’’

These examples suggest an explanation which will
account for nearly all cases of vein structure, and at-
tention in the field will show how beautifully the
cycle of changes is constantly in progress, beginning
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with the earliest fracturing of the rocks and the first
rainfall, with no cessation to the present time.

Rationality of Natural Processes. —A moment’s
thought will show that under any circumstances some
such results as have been outlined must have been the
outcome of the surface changes of the earth. Even
had the original veins been solid masses of gold,
silver, copper, etc., their contents would, as they were
worn away, have been scattered far and wide through
the rocks which were formed out of the earth’s first
crust, even if that crust itself did not contain them,
and the condition of the rocks which we have pictured
would have been one of the first results of erosion,
and the formation of veins by segregation or substitu-
tion must have commenced even in those early days,
by the workings of the laws of chemical affinity, which
imply the abandonment by one element of its associate
in a compound when it meets with another which is
more to its liking under suitable conditions for mak-
ing the exchange.

How easily these changes are effected may be seen
in the occasional action of metallic compounds in the
cabinet. Just as the iron pyrite crystals, so abun-
dant in some of the gravel mines of California (pl. 11,
fig. 3, shows a petrified tree covered with them), drop
to pieces and decay with extraordinary rapidity, so
specimens of pyrite of the bronze-colored variety from
the Glacier mine, Monte Cristo distriet, Wash., after
remaining in the writer’s cabinet only two months,
were entirely decomposed, the pyrites having absorbed
moisture, which combining with the contained sul-
phur had produced sulphuric acid, which in its turn
had combined with the gangue of the specimen (par-
tially altered porphyry), forming glistening salts and
rough concretions, not only on the specimen originally
attacked, but on the adjacent ones which happened to
be in contact with it, however slightly. The amount
of moisture absorbed was so great that what remained
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of the specimens could not be handled without stain-
ing the hands black. On seeing the change the writer
remembered extracting from the same vein, in a prev-
ious year, samples with the same appearance, having
undergone the same changes in place. If then the
small amount of moisture which is present in a dwell-
ing room can effect such changes, we are at no loss to
understand how much greater ones can be effected by
nature in her vast underground workshops, with her
absolute disregard of the element of time.

Ore Deposits in Livmestone.—In a somewhat similar
way have the greater portion of the deposits in lime-
stone been formed, percolating waters eating out pas-
sages and chambers, which have been subsequently
filled with iron, lead or zinc ores by the waters trav-
ersing them. The ability of water to excavate caves,
such as the Mammoth Cave in Kentucky, and hundreds
of others in all extensive limestone regions, is so well
known as to require no further comment, except that
the most remarkable feature about them is their sub-
sequent filling with large bodies of mineral, usually
of only one or two kinds, much less complex in their
constitution than the filling of veins; which suggests
a different, probably cooler, condition of the percolat-
ing water. Such deposits are of the most irregular
shape, due to the vagaries of the water which hol-
lowed out the chambers, and when the walls are
reached they may generally be scraped clean, as the
mineral does not usually penetrate the limestone to
any depth. Pl 6, fig. 8, is a sketch of such a deposit
formed in limestone, on the bedding planes and joints,
and controlled only by the lines of flow of the water,
as indicated by the arrowheads. Such are the deposits
of Wisconsin and Illinois. Fig. 4, same plate, shows
the limestone traversed by the dike B, and the arrow-
heads the possible direction of the water flow, which
if descending, as at 4, might form ore bodies as shown
in black, or if ascending, as at C, either as hot or cold
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water under pressure would present a similar structure.
Fig 7 shows the structure of the veins at Tombstone,
Ariz., being successive strata of slates S, limestone, 7,
quartzite, (), and dolomite (magnesian limestone) D),
traversed by the quartzose fissure veins A,B, which
are connected in the limestone by the flat bodies of
rich lead ore, C. In pl. 1, fig. 2, we have at Leadville,
Colo., lead oreslying between the limestone flour, the
deposits being nearly horizontal, and porphyries for
a roof.

On pl. 7, fig. 2, we have hematite B, deposited in
cavities of the mountain limestone A4, at Ulverstone,
England. Subsequent to the deposition of the ore it
is evident that a further portion of the limestone was
dissolved by waters free from iron, forming a later cave
which was filled with the clay C, the whole being
probably partially worn away before the covering of
dirt D was laid down at a much later date. In fig. 3,
same plate, we have a similar formation at Altenberg,
Germany, only calamine (silicate of zinc) takes the
place of the hematite in the former illustration. B is a
body of limestone, lying between the slates 4, the
zine ore D filling a cavity of erosion, and the clay C
filling a cavern of later date formed after the deposi-
tion of zinc ore had ceased.

In most such cases it is probable that the filling
took place by waters percolating through rocks of later
formation, lying above the limestone in which the
caverns were formed, from which they abstracted the
iron and zine, only to redeposit them when presented
with a more tempting morsel in the shape of lime.

Ores Possibly Derived Directly jfrom the Sea.—
Most chloride and bromide ores of silver and lead
are found near the surface, in the joints of limestones
and quartzite; it is very probable that such rocks have
derived the ore found in them from sea water, when
they were a portion of the ocean bottom. In Arizona
there are many occurrences of these ores in localities
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where such a condition has been possible, there being
evidences of the former existences of an ancient inland
sea. A similar explanation is advanced to account for
some gold-bearing conglomerates, in which the gold is
supposed to have been precipitated fromm the ocean,
near shore. By a secondary process the gold sparsely
disseminated in mud beds at the bottom of the sea
might be concentrated in quartz veins, traversing the
shales and slates formed by the consolidation of these
beds. The ocean-formed ore bodies would, if derived
directly, be beds or impregnations and not true veins.

FElectro-chemical Action.—Around many of these
phenomena, as around so many of the operations of
nature, there hangs a suspicion of the intervention of
electricity. The action of electrical currents is forei-
bly suggested in the case of native copper mixed
with native silver, or of gold cryvstals deposited upon
horn silver; but even if such an agency was active in
their production there must have been a previous
leaching of other rocks to provide the solutions from
which the metals were reduced and crystallized.

A Cycle of Perpetual Change.—That operationssuch
as we have been describing are constantly going on in
nature, and that no extraordinary processes need be
invoked to account for the phenomena we see, is plainly
evident from the changes which take place in the
outerops of veins and elsewhere. 'We constantly find
incrustations of various salts, such as alum and those
of soda and potash, forming on the sides of caves, and
even of other minerals on the walls of deserted mines;
we secure copper from the waters discharged by copper
mines or mines of coppery iron pyrite by allowing it
to run over scrap iron, which is destroyed by the acid
in the water and copper released; the pyrite in the
outerop of veins is decomposed under the joint action
of air and water, leaving a deposit -of rusty iron-
stained gangne, while the sulphuric acid percolates
downward to produce other changes; we find surface
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pyrites likewise decomposing, parting with their sul-
phur and iron, only to combine with oxygen, and form
the red and black oxides of copper, which are richer
than the original ore, and in fact are merely concen-
trates of ores which may even be too poor to work
when the limits of the changes are reached, which is
usually where the presence of permanent water pre-
vents contact with the air. We also find that many
carbonates of lead have a core of galena, which is the
sulphide, and know that the conversion has taken
place since the deposition of the galena; and if we
look carefully around us we will meet everywhere with
alterations going constantly forward. Brought up
from the unknown interior of the earth by lavas, the
minerals are collected from them into veins, only to
be again scattered as the veins are worn away in the
general destruction of the earth’s surface, and mingled
with the fragments of the lavas in sedimentary de-
posits, which, as we have seen, ultimately return to
granite, only to be intruded into the overlying strata,
the wearing away of which uncovers the granite, and
the circle is completed. Iormation, rearrangement,
destruction, reformation and return to the original are
the perpetual cycle of the changes in veins, and not
only of them but of the rocks in which they are con-
tained. ’

- Local Laimitations.—These views afford a natural
explanation of the reason why mineral veins are con-
fined to certain regions and are not found in all areas
of dislocation. We have no knowledge of the appear-
ance of the original crust of the earth, as it was
formed under conditions which we can never hope to
see, but it is evident that all minerals, except meteor-
ites, now upon the surface of the globe, in whatever
condition, must have been derived either from it or
from rocks which have been ejected through it. At
the moment these began to decay we have the com-
mencement of the whole stratified series, through
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which, in some form or other, all the mineral constit-
uents of the original rock must be scattered, accord-
ing to the size of the particles, except those which
were perfectly soluble; but always on lines descend-
ing seawards. In the course of time these sediments
would be again brought to the surface, to be again
worn away into new sediments, mixed with the debris
of a new series of eruptive rocks, the process being
repeated with ever-increasing complexity, but with a
constant increase in the metallic contents of the crust,
if such were brought from below by the eruptive rocks
from time to time.

But just as soon as fracturing began, and with it
the circulation of heated waters, the concentration of
the minute particles into veins would begin, which as
they in turn were eroded would furnish particles of
larger size to the sediments, and in time these might
contain sufficient mineral to form large deposits when
concentrated by the circulating waters, even at long
distances from the seat of the original eruptive rocks
from which the mineral was derived. Such sediments,
still retaining the mineral fragments, like the lead
and copper-bearing shales and sandstones, can be con-
ceived to be still forming.

‘We can now see why all fractured regions are not
metalliferous. There must have been an original area
of eruptive or volcanic rocks to start the metal-bearing
series, for without this no amount of folding or dislo-
cation could have produced an ore vein.

‘We can also understand the spotted or pockety
character of many veins; and why there should so
often be in a district one strong ‘‘mother’’ vein, as
the main fissure would offer more unimpeded channels
for the circulation of water than the smaller lateral
crevices; and why veins of different geologic age in
the same district should be filled with different min-
erals, as the source from which the first series was
filled may have been exhausted before thie formation of
the next.



CHAPTER VII.
INFLUENCE OF ROCKS ON VEIN FILLING.

It is evident that if there is any relationship be-
tween ore minerals and rocks, or if, in other words,
the useful minerals are more particularly found asso-
ciated with some particular rock in preference to
others, the knowledge of the facts would be of great
value to the prospector, for when he had gained an
idea of the rocks of any particular district he would
bave a general idea of the minerals which he was
likely to find there, and could familiarize himself with
their appearance, from books or otherwise, and
not only know what to look for, but how and to recog-
nize them when found.

The following imperfect table, compiled from recog-
nized authorities, while far from being as complete as
could be wished for, undeniably shows that there is
such an association of minerals with certain rocks, the
reasons for which we may not at present thoroughly
understand, but which is not only of interest but of
practical importance.

The greatest difficulty in preparing such a list is to
give equal prominence to all parts of the subject, be-
cause while a certain ore may be found at two separate
localities in two different rocks, it may be of no
especial value in one of them and of vast importance
in the other. It is almost impossible to correlate such
differences. Omne might quote 20 mines in a single
distriet, all having practically the same character,
and only one in another district of different rock
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structure but producing the same metal, thus giving
undue prominence to the former mode of occurrence;
and it is not always possible to estimate the ‘‘personal
equation’’ in the various published accounts, which
phrase is understood to include the amount of knowl-
edge and accuracy of the writer and preconceived
theories unconsciously coloring his views.

To overcome these difficulties, and yet keep the
table within reasonable limits, a limited selection of
cases where the information was full enough has been
made from the literature of the subject. The selec-
tions are for districts, not individual mines, and though
insufficient for a thorough scientific discussion, will
be sufficient for our purpose. It does notinclude iron
ore, as that is chiefly found in bedded deposits, not
subject to the same influences; nor the minor minerals,
such as nickel, cobalt, antimony, bismuth, etc., as
they are usually.the accompaniments of other ores,
and do not form the prominent or controlling mineral
of the deposit which imparts to it its positive char-
acter, although these may have a preference for one
mineral rather than another, and occur most frequently
in combination with it.
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In the following table the eruptive rocks have been
necessarily placed together, because while trachyte
has 4 mentions, diorite 6, andesite 5, rhyolite 7 and
basalt 5, there are 25 notices of simply igneous rocks
—prophyry, trap, or other indefinite mnames, which
cannot be classified.

CONDENSED TABLE OF ROCKS AND ASSOCIATED METALS.

Eruptive and Intrusive, Sedimentary.
Alone. [Associated with Alone. Contacts.
B 2. ® 5] slslgl 2 S| 8
= S Ul ¥ o a2 aldlel & £
52| s |E£|95| | |8|¢E A T
S8l & [=8|S8l4l 181884l E|SIEIT |25(=T
=5 B 145|802 (4(2]|2C|2|2|=2|2|8|° [®Cle5
aR| & |2w|e |2&|e|v |Z|R(x|2|8le |o |Tn
2lER |12 EEIE EIEI5IEEIE E 12
s |85 |l |[@®nRle [RzPRHmA 1 |»
(6 [o3 1o~ SO SRR SRRy i B B o O il I O O i 5 s L (55 B B 128 ) ] e S
Gold and silver. e e il b AT O I | S S U R ) R
Sver: =t B e O TS s B O B I R 1 %
. 31 (55 E N o, U8 PO ot 5 0 O 1) ~
Copper 84|45t Lo S| A PO IR TR >
Zinc. 0 5 4801 B S [ RS & v | 1 8 B L e R R s % G
Tinsds ... S Hs: 0 B0 55 A b 51 155 B % N B
Chrome.. 8 T8 S B 19 (N
Manganese. gt W S e T F Y 2 D) RS
DEOPOIBY % 58 oss 3 cs o be oo b ot 2o 8o o Mt AR s titdls Lo 15 o] . PER

By further condensation we have the following table:
COUNTRY ROCKS BROADLY GROUPED.

Granite, Gneiss, | Sedimentary | Associated with

Metals. and Syenite. Rocks. Eruptive Rocks. | Lotals.
(270 (s Aot e 3 15 16 34
Gold and silver..|..........co.... 1 2 3
Silvers. 6 .. 54 P] 5 11 18
L R o 3 16 6 25
COppeT..vveeness 8 11 7 21
ZinC.....eovveees 2 5 1 8
AT, &R 5, 5 2 B 8
Chrowie, & s 33 sfases .« cirpanis isds 7 PRSI SRR 7
Manganese...... 2 2
MEECUTY: T ¢ «4vs [855 e < s 55 0i0 0o 45,05 4 10
19 68 50 187

* Probably remains of beds of lime. & Ali in belts of hot springs.
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The rocks in the foregoing tables may be further
classified according to the amount of silica or quartz
which they contain, into three groups:

1. Highly silicious: Granite, gneiss, mica schists,
sandstones, conglomerates, quartzites, eruptive rocks,
and some limestones.

" 2. Moderately silicious: Chlorite, tale and clay schists
and shales, conglomerates in part, and some lime-
stones.

3. Scarcely silicious: Limestones and dolomites.

Examining the metals in the foregoing list we find
in the case of—

Gold.—Twenty-six occurrences in rocks abounding
in quartz (silica) out of the 34 localities, and in some
of the remainder the same conditions probably exist,
as many shales and conglomerates are highly silicious.
Only one occurrence is noted with limestone and in
this case the foot wall of the deposit is granite.

Gold and Silver.—All three occurrences are in rocks
abounding in silica.

Silver (aside from silver-lead ores which are classed
as lead) occurs in 13 very quartzose rocks out of 18
instances, and the remaining 5 are probably silicious,
as many limestones are highly silicious.

Copper also occurs with 18 very quartzose rocks,
and probably with 19 out of the 21 localities, if not
more, as the Clifton deposits are differently described
by two writers, and the other limestone locality may
carry much quartz.

Lead, however, occurs in the quartzose series in
only 10 out of 25 localities, the remaining 15 being in
association with limestones, while some of the former
may have lime to some extent as a minor constit-
uent.

Zinc shows 6 out of 8 times as an associate of lime-
stone and only twice in the quartzose group.

Tin.—All 8 of the occurrences are in quartzose
rocks.
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Chrome.—All T localities are in serpentines, usually
associated with gneissic or hornblendic rocks.

Manganese is associated with both extremes of rock.

Mercury.—All 10 localities are in highly metamor-
phosed rocks of various kinds, but nearly all are asso-
ciated with recent eruptive rocks and hot springs.

The relative importance of these occurrences is best
tested by the output commercially of the different
metals. Tested in this way, the highly silicious
rocks produce the bulk of the gold, silver, copper and
tin; the non-silicious or true limestone rocks, the
bulk of the lead and zine, and rocks which on decom-
position yield both silica and lime, give complex ores
of gold, silver, lead, copper, zine, tin and manganese,
with many other less prominent metals.

Metals Associated With FEach Other.—Gold and
silver are so intimately associated in nature that all
gold may be said to contain some silver; and most
silver ores carry gold, from mere traces up to impor-
tant values. Gold containing a large proportion of
silver is pale in color and is sometimes called ‘‘elec-
trum ;’’ while some native gold-silver alloys are almost
white.

Lead and silver are also so related that lead ores as a
rule carry some silver, if only a trace, and from that
up to large amounts in value, though not in bulk,
without any special change in their outward appear-
ance.

Lead and zinc are also intimate associates, as are
also lead and antimony.

Copper and silver, or copper, silver and gold, often
go together.

Iron and manganese, or iron and chrome, are fre-
quently associated.

Nickel and cobalt are closely related, both chemi-
cally and in occurrence.

Arsenides and antimonides of other metals are
often found together, and either or both with sul-
phides.
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Country Rock and Gangue.—The ore minerals proper
usually compose only a fraction of the whole
vein filling, the gangue minerals being present in
larger, often very much larger quantity. The rocks
through which the underground waters pass must con-
tain material suitable to form this gangue—silica for
the quartz, lime for the calcite, fluorine for fluorspar,
sulphur for the sulphate minerals, etc. The gangue
minerals are closely related to the metals and true ore
minerals (as quartz to gold, calcite to galena, etec.);
hence the connection is really threefold—-country rock,
gangue, ore.

Relation of Eruptives.—While eruptive rocks are
frequent accompaniments of ore, they are not abso-
lutely essential to its presence either in the silicious
rocks of Otago, New Zealand; or the sandstone reefs
of Bendigo, Australia, or the non-silicious limestones
of the Central States in America. In only 50 out of
137 cases are eruptive rocks mentioned in connection
with the ore deposits as being of possibly prior origin,
or about 36%, while in 68 cases, or about 50%;, there
is no apparent connection of either eruptive rocks or
granite. Possibly eruptives existing in the neighbor-
hood of ore deposits, but not actually contiguous, are
sometimes overlooked or not reported.

There are cases in which the metal in the deposits
undoubtedly appears to have been derived from them.
But outside of these instances there are others where
the outbursts of eruptive rocks have simply produced
the necessary conditions of heat and fractured rocks,
furnishing waters of the requisite temperature and pro-
viding ample facilities for their percolation through
materials so crushed as to be easily soluble.

Similar results have been obtained in other places,
without the aid of eruptive rocks, by the enormous
pressure involved in the complicated folding which we
see in such cases as the sandstone reef at Bendigo,
Australia, or the abruptly folded strata in Nova Scotia,
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so that it would appear that any cause which will pro-
duce heated water and fractured rocks is sufficient to
furnish the conditions for vein filling, the material for
forming the deposit being drawn from any one or all
of the rocks indiscriminately through which the water
has been circulating, whether above, below, or along-
side, near to or at considerable distances from the
point of final deposit; and that this place of final
deposit is largely determined by the character of the
rock throngh which the water may be circulating at
the time it is compelled to part with some portion of
its mineral burden, and not by the character of the
cause which produced the fissures, or the nature of the
associated eruptive rock, unless the ore is deposited
in th: t rock itself. The following extracts strike the
keynote and indicate a line of examination which will
explain nearly all, if not quite all, the phenomena of
the association of minerals with each other, and the
rocks in which they occur. Speaking of the ore de-
posits in the Potsdam series of rocks in South Dakota,
Dr. F. B. Carpenter says: ‘‘These ores are in some
sections. almost exclusively gold-bearing; in others,
they carry partly gold and partly silver, and again in
other places the silver predominates.’’ ‘‘It seems as
though the porphyry at Bald mountain brought
mainly gold; at Ruby basin, only a few miles distant,
gold and silver in nearly equal quantities (in value);
while at Galena, 12 miles distant, silver-lead predomi-
nated. That is, broadly speaking, gold predominates
in the quartzites, but gives place to silver as we ap-
proach the more caleareous portions forming the upper
parts of the Potsdam ; while in the massive limestones
such ore bodies as are found, like the Iron Hill, carry
exclusively lead and silver, yet the porphyry is in all
instances the same.’’

Variations in the Mineral Solutions.—But in following
up this line of argument we must remember that
all waters will not be charged with the same mineral,
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or the same water always with the same mineral, as
their contents must vary with the nature of the rocks
from which they draw their supply, and consequently
they can only deposit what they have in solution for
the time being, and may carry that for long distances
for want of a suitable precipitating agent. They may
have only one or many minerals in solution, but at any
rate we are prepared to understand the occurrence of
gold in the joints of porphyry, of silver in the joints
of quartzite, of lead and silver in the seams of lime-
stone, and why the character of the ore should change
so suddenly when a vein passes from one series of
rocks to another, as for instance from a silver-bearing
galena with zinecblende and iron pyrite in decaying
porphyries with lime feldspars, or a gold-bearing
arsenical pyrite in the underlying granite; from
copper in silicious slates to tin in a still more silicious
granite, where also the character of the mica (white
mica being common in tin-bearing rocks) appears to
have an influence, or to be, like tin, a result of the same
influence; or from deposits of galena in limestone to
barren material in the intercalated beds of ‘‘toad-
stone’” (an ancient eruptive rock), as in the lead
deposits of Derbyshire, England.

Influence of the Country Rocks.—The practical
miner, however, is not so much interested in the
scientific explanation of such sudden changes, but he
is very materially interested in the fact that they do
oceur, as they may involve serious and costly changes
in the character of the reduction plant, or a loss of the
vein altogether, as at the Stonewall Jackson mine,
Arizona, where the native silver found in the surface
porphyry disappeared altogether when the underlying
granite was reached; or, as on the Comstock lode,
when the fissure left the syenite-porphyry contact and
passed into the underlying syenite, where it presented
only occasional bunches of gold ore, instead of the
silver deposits of the eruptive contact levels.
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The lesson inculcated is the desirability, to say the
least, of a thorough examination of the line of outcrop
of the deposit under consideration, before erecting
reduction works, not only to avoid the necessity of
change, but to determine the probable extent of the
ore-bearing ground ; for if the ore be confined to a cer-
tain class of rocks in any particular district, the
extent to which such rocks are developed is an impor-
tant element in the future of a mining camp, and must
largely govern the amount of money which it will be
wise to invest in means of transportation, ete.

The views here set forth also explain why long belts
of country produce similar ores, while parallel belts at
no great distance—often only a few miles—may pro-
duce a totally different series over a like extent of
country; or why the ores on one side of a mountain
range should present a totally different appearance
from those on the other, where both series have been
subjected to the action of the same eruptive rocks, or
to no such action on either side. Itis simply because
they occur in parallel belts of rock of differing com-
position, the outerops of which are presented to us on
the flanks of the mountain ranges in which they lie,
more or less parallel to the general summit of the
range or axis of elevation. Thus below the free gold
belt of the mother lode in California—which, however,
is not a lode in the true sense of the word, but a belt
of gold-bearing rocks, in which many deposits occur
roughly parallel to the general strike—there lies in the
foot hills a band of copper-bearing rocks of equal extent
north and south, while higher up in the range there is
a belt of limestone country with which are associated
ores of a more complex character, galena as might have
been expected making its appearance.

Again, just as the ancient schists of the Carolinas
and Georgia furnish ores of the same character, over a
distance of many miles, so do the ancient metamor-
phosed rocks of the Cascade range, in Washington, fur-
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nish for miles on the western slope complex ores of
very uniform character in each member of the rock
series, but differing entirely from those on the eastern
flank of the same range.

It is for such reasons as these that geological surveys
may be of very great utility, if they can be made be-
fore the districts have been exhausted and all the
thousand and one experiments and failures have been
tried and made; but of no direct and local value what-
ever if undertaken when the mining camp is wellnigh
deserted, although perhaps useful in showing a com-
parison with other localities.



CHAPTER VIIL
MINERAL DEPOSITS OTHER THAN VEINS.

Succession of Formations.—As we have seen in dis-
cussing the filling of veins, it was not necessary in
their case that the filling should have been derived
from rocks which lay at a greater altitude than the
deposits which were being formed, although without
doubt a large portion of them may have been so situ-
ated, but in the formation of bedded deposits in strat-
ified rocks only a very insignificent portion are
derived from springs, thermal or otherwise. Deposits
are laid down on the top of rocks already formed and
covered up by others of a later date. While these
latter must of necessity lie conformably on the deposit,
or cover it horizontally, those on which the deposit
lies were not necessarily so. A mineral formation
may follow in orderly succession as one of numerous
layers, or it may be laid down on the upturned edges
of older strata, which have been tilted up and largely
worn away before they sank again beneath the water
and received a new covering. In pl. 2, fig. 1, the
strata E, C, D, lie conformably on each other, but un-
conformably on the tilted series A. 1f there be also
such a series as I we infer that it was laid down on 4;
that a gradual horizontal upraise brought B out of
the water and permitted the destruction of most of the
series; and that a subsequent depression, without tilt-
ing, allowed the deposition of E, C, D, which are also
said to be unconformable to B; but it is evident that
it will be much more difficult to trace the true rela-
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tionship between E,C,D and B than between Band 4,
or between £, O, D and 4.

The most important deposits to us, outside of clays
and those which have formed building stones, are
those of coal and iron ore; salt, gypsum, carbonate of
soda, niter, and the allied minerals. The action of
water is evident in the formation of all these, as the
agent by which the material has been collected, except
in the case of coal, whether they have been made by
the ocean, to whicli the contained minerals have been
carried by streams from higher altitudes, or in inland
basins long since dried up, to the lower portions of
which other rivers have carried in solution the mate-
rials derived from the ridges bounding the basin, and
which are now in process of decay.

Solvent Capacity of Water, and Evaporation.—We
have seen previously that heated waters have the power
of holding in solution a larger quantity of any given
material than those of lower temperatures, and that in
cooling they are compelled to deposit a portion of their
load, as in the case of hot springs, which build up
masses of sinter around their orifices. The quantity of
mineral matter which such springs may bring to the
surface will be better understood by the statement of
Prof. Ramsay that the hot springs at Bath, England,
discharge annually sufficient solid matter to make a
column 140 ft. high by 9 ft. in diameter. But whether
hot or cold there is in any case a point at which waters
have absorbed and hold in suspension the maximum
quantity possible. This is called the saturation point,
and such a solution is said to be saturated. If more
solid matter is added to such a solution it falls to the
bottom undissolved, or if the amount of water be re-
duced by evaporation the same result follows; a por-
tion of the dissolved matter is squeezed out of the
solution as its particles contract on each other, and
falls to the bottom. The incrustation on boilers is
the result of just such a process, and the prineiple is
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applied artificially in the production of salt from brine.
In nature we see it in the drying of the ground after
rain by the winds and sunshine, the ground losing
and the air absorbing the moisture; but few persons
realize that the loss from large reservoirs is equal to
36 in. annually over the entire surface; and is still
greater in shallow waters, where, in excessively hot
and dry climates, the loss by evaporation may rise to
as much as 1 in. in 24 hours, still going on even dur-
ing the night. So great indeed is this evaporation in
the deserts of the Great American basin that all the
rainfall is taken up in this manner, the numerous
lakes having no outlet, but varying in size from month
to month, and day to day, as the rainfall or sunshine
gains the mastery, shrinking in hot and dsy and ex-
panding in cool or wet weather, and always maintain-
ing an area which is just large enough to enable the
evaporating agencies to take up the exact amount of
water flowing into the lakes. The popular notion of
subterranean outlets for this water has no foundation
in fact, as evaporation is sufficient to account for all
the phenomena.

But in this process it is only the water which is lost;
whatever minerals or solid matter it brought down
from the mountains into the lakes is left there, accu-
mulating slowly but surely, no matter how small the
amount may be per gallon of water, until sooner or
later the saturation point is reached, and a deposit
begins to form of whatever salt may be least easily
held in solution, if there be more than one. For a
time the annual influx of water may be able to redis-
solve the precipitated portion, during the more rainy
part of the year, but in the course of time this precipi-
tate will exceed in quantity the amount soluble in the
annual inflowing water and a permanent deposit will
begin, the surface of which will suffer a partial re-
solution annually, but the mass itself steadily increas-
ing in bulk. In this manner have gypsum, rock salt
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and carbonate of soda been deposited from saline
waters; gypsum from sea water, saturated with the
sulphate of lime, but able to hold all its chloride of
sodium (common salt) in solution; salt from similar
waters by evaporation, the salt in such cases contain-
ing the small amounts of sulphate of lime and other
minerals which may be in solution and which consti- -
tute its impurities. Both of these substances are
therefore purely mechanical precipitates. Natural
evaporation has in this way produced enormous
masses of rock salt, like those of Cheshire, England,
and Cracow in Poland, both of which are extensively
opened by underground works; or that at Sperenberg,
near Berlin, which has been penetrated by an artesian
boring to a depth of 3,907 ft. without the bottom hav-
ing been discovered; or those which are exposed on
the surface on the Rio Virgen (or Virgin River) in
Nevada, which are described as follows: ‘“A formation
exists at this point composed of rock salt resting on,
and to some extent intermixed with, sedimentary
rocks, and of such magnitude that it may be said to
constitute a notable portion of the hill in which it
occurs. More than 609 of this entire mass appears
to consist of hard rock salt, having the transparency
of clear ice, and containing over 90% sodium chloride.
This formation extends along the eastern bank of the
Virgen, presenting a bluff face to the stream for a dis-
tance of 25 miles or more, and reaching in some places
a height of several hundred feet.’’

These deposits are so enormous that we might even
be disposed to question the power of so simple a cause
to accomplish the results which are still, however,
being reached at Carmen island in the Gulf of Cali-
fornia and elsewhere, but the following description of
the Karaboghaz sea (from Sir A. Geikie) will show
them to be not only probable but possible: ‘‘Along
the shallow pools which border this sea (the Caspian)
a constant deposition of salt is taking place, forming
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sometimes a pan or layer of rose-colored crystals on
the bottom, or gradually getting dry and covered with
drift sand. This concentration of the water is still
more marked in the great offshoot called the Kara-
boghaz, which is connected with the middle basin by
a channel 150 yds. wide and 5 ft. deep. Through
this narrow mouth there flows from the main sea a
constant current, which Von Baer estimated to carry
daily into the Karaboghaz 350,000 tons of salt.”’

This amount if all deposited would cover 250 acres
to a depth of 1 ft.

Such deposits belong not only to the open sea, but
mostly to inland seas or lakes which have originally
formed a portion of it, and consequently partook of
the general diffusion of the salts which are discharged
into it by the rivers through its entire bulk. The
deposits which result from the concentration of min-
erals in isolated fresh water lakes will naturally par-
take somewhat more of the character of the salts fur-
nished by the rocks undergoing decomposition, and
which are gradually water-borne to the deepest depres-
sions or sink holes, there to be evaporated and con-
centrated or deposited. To such causes can we cer-
tainly attribute the lakes furnishing the carbonate
of soda and sulphate of soda so common in the desert
regions of Nevada, Utah and Wyoming, and the
salines producing borax, and the nitrates of potassium
(saltpeter) and of sodium (Chili saltpeter) in the same
regions and also in the deserts of South America; and
the bitterness of Mono lake and other waters due to
the presence of sulphate of magnesia (Epsom salt).

‘With such an origin it is plain that the efflorescence
or crusts of these easily soluble salts are to be sought
for mainly in arid regions, where the rainfall is not
sufficient to re-dissolve them after formation, and that
chiefly during the hottest portion of the year when
evaporation has done its work most thoroughly. The
presence of these salts in streams need not be per-
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ceptible to the taste, for even good drinking waters
may carry an average of 20 grains of solid matter per
gallon in solution, but the constant accumulation of
even this small amount, if carried on for a time suffi-
ciently long, will produce all the phenomena we have
been describing.

Alternate Evaporated Deposits.—It must not, how-
ever, be supposed that these deposits are always uni-
form in quality throughout. In many localities they
consist of alternating beds of salt, gypsum and clays;
or carbonate of soda, salt, gypsum, Chili saltpeter and
boracic materials with clay partings, laid down as one
or other of the materials predominated in the water
supply, owing to changes in the character of the rocks
from which the salts were drawn, and varying accord-
ing to relative solubilities. It can also easily be un-
derstood that they will thin out in every direction
round their boundaries, which are also apt to be mixed
with impurities blown into the lakes from the dry
sandy wastes, or forced in by the sudden rush of water
caused by cloudbursts.

Sediment Mineral Deposits.—Besides the mineral
salts earried in solution by water, it is likely that
some bedded deposits owe a portion at least of their
contents to particles of mineral brought in suspension
by flowing water and deposited, like other finely
divided suspended matter which goes to form shales,
slates, etc., when the current was checked and no
longer able to carry them.

Beds of Iron Ore.—It is evident that in all these
cases there is not necessarily any chemical action tak-
ing place, after the water has once absorbed the
material to be deposited, but such is not always the
case in the formation of iron deposits.

‘While some iron ore is formed in lodes, or cavities
in limestone as a deposit from ferric waters (waters
carrying iron), probably the larger bulk of iron
deposits have heen thrown down in beds in the waters
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of swamps or lakes, through the absorption of oxygen
from plants and diatoms (infusoria) accompanied by
the liberation of hydrogen and ecarbon in the
shape of marsh gas. Bog iron forms in marshy
ground in such a manner at the present day, out of
waters which have become charged with iromn, col-
lected from the sands and rocks through which they
have traveled ; and where the accumulations of nodules
and concretions have been removed, the formation of
others shows that the process is still in action. Such
deposits will naturally be most impure round their
margins, as in the case of coal and the minerals just
under consideration, and may range from mere mix-
tures of sand and iron, or ironstone and clay, up to
iron ores of great purity, according to the conditions
under which they were formed. True, heat and pres-
sure have modified many of them, eliminating the
water from the brown, and converting them into red
hematites, which by still further changes may have
been altered into magnetites.

Many of these deposits covered so large an area that
now that they have been uplifted along with the rocks
which contain them, and have lost a portion of one of
their edges by erosion, they present the appearance of
true contact veins, and can be worked as such; but
from the differance of their origin they are likely to
maintain a uniform thickness for much greater lengths
and depths than true veins, and also to retain a more
uniform constitution.

Beds of Gold, Copper, Silver and Lead Ores.—The
formation of beds of conglomerates containing gold,
as in South Africa, or copper as in the Lake Superior
region; of sandstones containing copper as in Europe,
or silver as at Leeds in southern Utah, or shales con-
taining galena, has in nowise differed from the forma-
tion of similar deposits in which minerals of value
have not been found. It is only the presence of min-
eral in them which calls for attention. The native
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copper in both conglomerates, sandstones and amyg-
daloidal traps (or ancient eruptive rocks) of Lake
Superior may have been subsequent]y introduced by
the infiltration of waters carrying copper in solutxon,
from which the copper was abstracted by the reducing
and transforming agency of the iron in the rocks, or
in other cases may have even been introduced at the
time the beds of sandstone, etc., were laid down, and
the same may be said of the grains of galena in shales,
but it must be confessed that the true origin of these
metallic or metalliferous grains is wrapped in some
obscurity as regards the quescion of time. The same
may be said of the chloride of silver associated with
the vegetable remains in the sandstones at Leeds, the
difficulty here being as in the other cases to account
for the presence of mineral in one bed of sandstone
and its absence from other similar formations. We
can only suggest that in the Leeds sandstone waters
carrying silver in solution were compelled by the
nature of the stratification to traverse the band of
sandstone, before its vegetable remains had become
petrified, and in that condition acted as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>