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PREFACE.

-

In preparing this little work the author has felt the
difficulty which arises in a theoretical dissertation on so
eminently practical a subject as prospecting. It seems like
giving rules and prescriptions fot hunting or fishing or any
other natural or practical pursuit. Though theory and
practice are not at variance when happily combined, yet
either without the other proves very unsatisfactory. Thus
the reader of this book, should he start out armed only with
its theory, will find himself for some time pretty much
“at sea” when he comes to actual practice in the field. As,
however, he gradually obtains some practical experience, he
may find this little work of use to him. So, also, the
seasoned prospector, who has hitherto trusted to luck, keen-
ness of observation, intuition and experience, may find him-
self in the future much better equipped by acquiring a little
of the theory.

Whilst we have endeavored to give the prospector all
assistance in our power, as to the best means of educating
himself, describing his outfit, etc., we have devoted special
attention to the description of such geological and other phe-
nomena as he is likely to meet with in connection with his
work, so that he may have an intelligent idea of them when
he encounters them.

We have selected just as much material as we think would
be most interesting and useful to him, saving him the time
and trouble of wading through heavy tomes and laboriously
picking out from a vast amount of, for his purpose, super-
fluous matter, that which he will most require.

The work is intended to be a popular one, addressed to
the average student, prospector and miner and to the
general public. The illustrations are largely drawn by the
author from Colorado mines and Rocky Mountain subjects
which are most familiar to him.

ARTHUR LAKES,
State School of Mines,
Golden City, Celorado.
JANUARY 1, 1895.
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PROSPECTING FOR GOLD AND SILVER,

CHAPTER L

ON PROSPECTING—PREPARATION AND OUTFIT
FOR WORK.

The regular prospector, as a rule, has at some time of his
checquered career had some actual experience in the mines
themselves, from which he has learned by observation, the
appearance of different ores, their different values, how the
velns appear on the surface, how to open a vein, and the
uses of pick, shovel, and blasting powder. In a word he is
a miner, who has become too restless to stick to steady
work, and so follows the more uncertain and precarious
livelihood of seeking for new and undiscovered veins, many
of which even in an old mining district may yet be dis-
covered covered up by brush or debris, whilst a new district
offers a most enticing field. These mineral veins or ledges,
may make him in a moment a comparatively rich man, and if
he finds them, they will cost him nothing, only a simple com-
pliance with the inexpensive regulations of the law. So the
life of a prospector offers many attractions to one who is
restless and loves to roam and loves to find something new
and is not afraid of considerable hardship. To save a vast
amount of time and labor, he should acquire knowledge.
Thus, for instance, if he were prospecting for coal he would
be wastin§ his time in hunting for it in granite, or if he was
hunting for the precious metals, he would lose time in
looking for them amqng the unaltered sedimentary strata of
the prairie. This is” merely for example, but an infinite
variety of knowledge is necessary for him in' his vocation,
besides even that of the simpler elements of geology, such
as the knowledge of different kinds of minerals, and their
value, the king of places and peculiar rocks they are
associated with, their appearance on the surface, etc., etc.



8

together with some knowledge of assaying or blowpiping
or panning.

In a newly discovered camp, men will rush in for a few
weeks, work a little in the different mines, sufficient to give
them an idea of the kind of ores and rocks and other
circumstances in the locality, and then will strike out on
their own account and prospect around the camp for new
veins or extensions of those already discovered. An
extension, by the way, of a very rich discovered lode is not
always to be relied on. Nature seems often to concentrate
her riches at one point, and leave the extension barren, as
in the case of the Comstock of Nevada. But little wealth
has been found outside of the great lode and mine itself.

The best education is in the mines themselves, so a
novice on arriving at a mining region had better spend as
much time as possible in practical work, in, and around the
various mines, before he launches out prospecting. A
prospector can rarely carry about much assaying or other
apparatus with him for determining the character or value
of ores he may find, and hence it is well for him to accustom
himself to these ores in the mines themselves. Also he
should acquaint himself with the peculiar ores of each
particular district, before he attempts to prospect in its
vicinity, for an ore such as coarse grained galena, in one
district may be generally rich, whilst in another it is
remarkably poor in silver.

The best previous education for a prospector would be a
course at a school of mines, where he will learn the
elements of geology, mineralogy, assaying, etc. And next
to that, practical work in the mines themselves, and lastly
the prospecting field. A little knowledge of blowpiping
may also help him, which he may acquire at his school. :

Having left his school, he should learn the practical use
of the pick, drill, and, blasting powder. By working around
a concentrator he will learn the difference between ore and
gangue rock; and “picking” or “sorting” ores, will teach
him at sight the values of ores. The prospector should
know how to open his vein or ledge, when he finds it, with
pick, shovel, and blasting apparatus. A little carpentry
will teach him how to make a handwinch, and a few lessons
in blacksmithing, will teach him how to sharpen and
temper his tools, for there will probably be no blacksmith’s
shop or carpenter’s either, within miles of where he may go.
Other prospectors will teach him how to use his pan or
iron spoon for testing ores, and various other dodges and
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make-shifts. Animportant point is to learn how to average
approximately the quantity of ore in, and value of, a ledge
when he has found one. Valuable ore on a ledge lies in
pockets, strings, bunches, irregularly distributed through
the quartz or other material of the vein; he should learn to
tell at sight the relative proportion of ore and gangue. He
would do well to study the result of working ores in a mill
or furnace, such as trying to estimate the yield of bullion of
the ores which are mined, taking them in weekly or
monthly lots. With some such preliminary knowledge he
is ready for the field.

HIS OUTFIT.

The following list of necessaries by Mr. A. Balch in his
“Treatise on Mining ” is as full as can be given by any one,
and is more than the average prospector generally needs.

A PROSPECTOR AND HIS OUTFIT.

“First. Two pairs of heavy blankets weighing about 8
pounds each.

Second. A buffalo robe or a blanket lined poncho.

Third. Suit of strong gray woolen clothes, pair of brown
jean trousers, a change of woolen underclothing, woolen
socks, pair of heavy boots, soft felt hat, three or four large
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colored handkerchiefs, a pair of buckskin gauntlets, toilet
articles, etc. All should go into a strong canvas bag.

Fourth. A breech loading rifle or shot gun and a revolver.
Around his waist a strong sash to carry his holster and
knife, in a sheath. His ammunition, if his revolver is large
bore, may conveniently fit both his rifle and revolver.
Pipe and tobacco.

Fifth. A sure footed native or mountain pony. A
Mexican saddle with its saddle horn, straps, etc., to tie on
various things, such as his pack, bags, water canteen, etc.
The left stirrup may be fitted with a leather tube, in which
the rifle barrel may be placed. A strap around the saddle
horn will secure the gun stock. The long lariat or stake

A PROSPECTOR'S TOOLS.

1, 2. Picks. 8. Pan,
3. Lon% handled Shovel. 9. Horn Spoon.
4, 5. Drills. 10. Iron Spoon,
6. Heavy Hammer. 11. Fuse.
7. Blasting Powder.

rope for tethering his horse should be coiled up and tied by
a strap to the saddle horn.

Szxth. For prospecting, a ‘poll’ pick and prospecting
pan made of iron or a horn spoon should be carrieé). The
pan is also useful besides for washing out sand, as a dish
or bathing vessel. A large iron spoon for melting certain
metals is likewise to be carried, and in some cases a small
portable Battersea assaying furnace.

Seventk. A frying pan 8 inches diameter of wrought iron,
a coffee pot, tin cup, spoon, and fork, and matches in tin
box, pocket compass, a spy glass, or pair of field glasses.
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Eighth. Provisions, bacon, flour, beans, coffee, or tea,
pepper, salt, and box of yeast powder, all packed in strong
bags, to go into a canvas sack. A few lessons in the kitchen
on cooking will be advantageous before starting.

Nintk. Packing the bronco. Place a folded blanket on
the horse’s back, on this lay the saddle. The saddle bags
contain small things. The bags with provisions are placed
behind the cantle of the saddle; on top of this the bag of
clothing. The pick goes on top tied by a thong. Coffee
pot, and frying pan are lashed on the bags.”

Sometimes a prospector takes a horse to ride on and
another as a pack animal, or a donkey only. For grass and
water for his horse, he must trust to the country. He will
fix his temporary camp in some suitable location, where
these are to be found, and thence, as from headquarters,
prospect daily the adjacent country returning nightly, it
may be, to his camp.

BRIEF SKETCH OF PROSPECTING.

We may divide the.prospecting for the precious metals
into two general classes: hunting for gold in gold placers;
hunting for gold and silver bearing ledges or veins or
deposits.

“Placers” are places where gold having been torn from
the ledges and rocks by denudation, by water and ice, is
swept down by these agencies till it finally finds a resting
place. Gold being heavier than quartz or country rock,
sinks to the bottom first. If the stream is violent, it will
carry the gold on, if fine, till it comes to an eddy or pool,
where the waters are more quiet, and there it will sink. The
water carries the clay and lighter stones still further on. In
this way millions of tons of rocks containing more or less
gold disseminated through them may have been reduced,
and the gold set free, or the gold may have been derived
from a few individual gold bearing ledges or veins.

The prospector takes his pick, shovel and pan, and his
horn spoon, and finds perhaps an old dry river bed where
the water has ages ago receded. At some point the sides of
this old river course widen out suddenly, forming a basin.
“Here,” says the prospector, “there must have been an
eddy,” and ﬁe prospects it accordingly; at another point he
finds a place where the water must have run over a rock,
and made a waterfall; at the bottom he digs again.

He loosens the soil with his pick, and shovels it out; at a
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certain depth, which may be from 5 to 20 feet or more, he
strikes “bed rock,” which may be granite, shale, sandstone,
or some other rock. Here he looks for nuggets, and with
his knife digs into all the little crevices of the rock to hunt
for them and for scales and wires of gold.

PANNING GOLD AT CRIPPLE CREEK, COLORADO,

Also whilst sinking his shaft, he pans the gravel carefully
at various depths, especially where there are streaks of clay
or “black sand.” The latter are grains or little pebbles of
magnetic iron ore,a common accompaniment of gold, altered
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relics of the iron pyrites in which the gold was originally
contained.

He fills his pan half full of water, throws into it a shovel-
full of dirt, first picking out the pebbles, stirs the mass
with his fingers till the water is fully charged with the clay
and gradually winnows out all the clay. Filling the pan
again with water, he gives it a peculiar circular motion and
each little wave of sand passes off till the whole is winnowed
off, and at last he sees specks of gold shining free in the
bottom of the pan. Then it is not difficult to estimate
approximately the amount of gold to the bushel or cubic

FINDING THE FLOAT.

foot of earth of the placer, and thus to estimate the approx-
imate value of the placer. He then locates or stakes out
his placer claim according to the regulations of the U. S.
Government, which, by a single individual cannot exceed
twenty acres.

The second class of prospectors are those who try to dis-
cover ore deposits, ledges or veins, “in place,” thatis, in the
hard rocks of the hills.

The prospector’s first effort is to find “float.” A vein
outcropping on the surface, becomes oxidized and crumbles
by action of the atmosphere, rain, etc.; pieces break off and
fall down hill. Some of this float is barren quartz or country
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rock, others may be mineralized. Commonly “float” is a
rusty, spongy mass of rock, showing besides iron often some
copper stains, and in it there may be grains of galena,

yrite or some other ore, He tries to trace this “float” to
its home in the ledge whence it came. Of one thing he is
certain, the “ float ” must have rolled dow» and not #p hill.
If the “float” is fairly scattered over the lower zone of the
hill, and no “float” is found above that zone, on the top of
that zone he will hunt for his ledge. If the “float” is all
over the hill he assumes the ledge is on the top.

If he finds his “ float ” at the mouth of a canyon or water
course, he walks up that water course, noticing not only the
“float, ” and its diminishing or increase, but aglgso any pecu-
liar rocky pebbles, such as a peculiar porphyry, perhaps,
which he may by chance recognize again further up in
place, and give him a hint as to whence the stream derived
most of its material of pebbles. He notices if the “float,”
fragments increase as he proceeds, and whether they sud-
denly cease at a certain point; at that point he hunts for the
ledge on either side of the canyon, and breaks off any pieces
that may look likely.

Having found the ledge and traced its croppings, he tries
to find out its api)roximate value. This he does by break-
ing off at intervals along it likely looking fragments of the
rock, grinding them up to about the size of peas. He
mixes these well, and takes a half of them, reducing this to
fine powder, and again halving it, till of the whole ledge he
can carry away an averaged sample of a few ounces. He
may wash this in his pan to see if there is any free goldin it;
other ores he will recognize at sight. These samples he
will have assayed and the returns will show the approximate
value. He measures the length and thickness of the vein,
and examines the wall enclosing it.

He then proceeds to locate or stake it out by measuring
off a parallelogram 1,500 by 6oo feet. Atthe corners of this,
he places piles of stones, and in one or more of them places
a stake of wood on which he writes his name, a description
of his claim and the date. At the nearest recorder’s office
he files a copy of this document. He must do a certain
amount of improvement work on this annually, such as
digging a ten foot hole or putting up a cabin or some work
equivalent to the value of $100, so as to hold it. He may
also claim a mill site on non-mineral land adjacent not ex-
ceeging 5 acres. Now the property is his to do as he likes
with it.
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THE GEOLOGICAL TRAINING OF A PROSPECTOR.

One of the first things for a prospector for gold and silver
to acquaint himself with, is the elements of geology. He
can read this up theoretically in many excellent treatises
and manuals, such as LeConte, Dana, and Shalers’ Manuals,
and Geikies’ Hand-Book of Field Geology, etc., and become
learned in the names of eras and epochs, and the jargon of
scientific names of fossils and minerals, and varieties of
rocks; but let him not imagine at the end of thic process
that he “ £nows geology.”

Geology can no more be learned by means of a book,
without field* work and the actual personal contact with
nature and rocks, than chemistry or assaying can be
acquired without ever using a test tube or a cupel. The
student may, perhaps, be unfavorably situated for this
practical field work. There may be no mountains or
upheavals of strata, or deep natural ravines within available
distance to study. He is located, perhaps, on the great,
monotonous, flat prairie. Very well, then let him study
what lies nearest him. This same flat, monotonous prairie
has an interesting and wonderful history. Let him read up
what he can find about this in his books, then go out and
examine what he can of the few feet of horizontal strata
exposed in some shallow water-course or dry ravine;
examine minutely, both with eyes and microscope, the
minerals composing these strata. Let him classify and
collect and note the different kinds of pebbles scattered
over the surface, or in the bed of a brook. Let him specu-
late as to the cause of the undulations of the surface, the
deposition and peculiar character of the clays forming the
soil. Let him study thoroughly the geolo%y of his native
village, his immediate surroundings, firsz. The knowledge
and practical habit of observation so acquired, will lead
later to more extensive studies in wider fields. A student
may be shut up in a big city; let him study the paving
stones of the streets and visit the stone yards of the
masons. It will pay him better to take a trip to some
distant mountain region, than to buy another expensive
book on geology after he has mastered the first bare ele-
ments. Nothing like field work, eye practice, and hammer
practice. The student should endeavor, whenever he
possibly can, to verify by actual vision and personal experi-
ence wKatever he reads in his books. When traveling, let
him always carry a geological hammer with him, and at any
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station the train may stop for a few moments, step out and
try to get a specimen of the country rock ; al the same time
let him study all he can of the geology of the country he
is passing through from the windows of the train, aided
perhaps by a geological map. The genuine prospector is
always looking about him, is everlastingly cracking stones,
has always his eye wide open for “something kind o’
curious.”

If he is near some mountain region, where, as in Colorado,
the whole strata of the earth’s crust is upheaved and
exposed, along the mountain flanks, in the depths of the
canyons, or on the summits of the peaks, after studying his
manual, let the student get, if he can, some published
%eological report on such a country, such as those of the

. S. Geological Survey, abounding in illustrations and
geological sections. Let him take this book in hand and go
to the very place described and pictured as a geological
section, and with his hammer study each member of the
section closely. This will make him familiar with the
different geological periods, formations, rocks, minerals and
fossils, as they actually appear in nature rather than as his
imagination has supposed them to be from his study of the
text books: book geology and field geology are not always
in perfect harmony.

Having studied and learned one local section well, such
as that cut by a stream along the foothills of a mountain
range, let him repeat the course at the other and more
distant points. He will find at each locality, though the
main features are the same, there is always an interesting
variety, such as new fossils, peculiar minerals, changes of
dip, faults, or other structural peculiarities.

Along the flanks of a mountain range, a prospective
prospector cannot study too many of these geological
sections. Having become familiar with these foothill sec-
tions, he is prepared to plunge into the heart of the range
itself. At first, and for long distances perhaps, he will
encounter only granitic rocks forming the axis and core of
the range. These are well worthy of study and full of
variety. Later the canyon may open into some mountain
valley or park, where the strata he studied on the foothills
or prairie border are again repeated and he finds himself
again at home. Seizing upon some well defined and
familiar representative of a geological horizon, from this as
a standpoint, he soon reads off the succession of the rest.
Here, however, the.appearance and texture of the rocks
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will probably be different to what they were in the foothills.
Heat has so changed or metamorphosed the sandstones and
shales, that they are scarcely recognizable as the same rocks
as those of the foothills. Yet even here a highly silicified
fossil shell, or a leaf impression on shales, or sandstones
changed into slates or quartzite, will give the prospector
his clue and his desired and definite geological horizon, and
he will have little difficulty in again arranging and grouping
correctly the rocky series. But a prospector has a “practi-
cal end” in view. He is “after the precious metal,” gold
and silver, not after “pure science” or “fossils or sich”;
what practical use in there, he may ask, in this same careful
study of geological sections, where probably there is not a
speck of gold or silver? Simply that minerals and metals
of economic value, such as gold and silver are more fre-
quently found in the rocks of certain geological periods
than in others. Locally this is especially true. For in-
stance, nearly all the silver-lead deposits of Colorado are
found in a certain bed of limestone not over 200 feet thick,
to be found only in one geological period out of many
others, viz.: the lower division of the Carboniferous. It
would naturally then be advisable for a Colorado prospector
to be able surely to identify this limestone, as well as the
geological horizon in which it occurs, among the various
other limestones of various other periods and ages in the
mountains. .

Again, gold is mainly confined to crystalline rocks of
Archeean age or to porphyries associated with these. A
prospector should be familiar with these rocks and their
varieties. Gold is also found in the placers derived largely
from the breaking up of these rocks; the ability to distin-
guish the different pebbles may lead to the source whence
the gold was derived. Familiarity with rocks of all kinds is
a necessary prospector’s education in itself.

GEOLOGICAL SECTIONS OF COLORADO.

In illustration of what we have said, let us take the two
engraved generalized sections showing all we know of the
crust of the earth as exposed in Colorado. Plates I and II.

Plate I is a vertical section of an ideal cliff, showing all
the members of the various periods in a stupendous cliff
resting on fundamental Archwan granite at the bottom of a
canyon. Plate II represents the same rocks and succession
of strata displayed in upturned “hog backs” along the
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flanks of the mountains and foothills on the border of
mountain and prairie. Both of these are ideal sections
‘“generalized” or “made up” of actual partial typical
sections found in different localities in Colorado, the vertical
one in detached and sometimes widely separated districts in
the heart of the mountains; the other at similarly distinct
and different localities along the banks of the various rivers
issuing from these canyons in the mountains, cutting their
way through the upturned strata of the flanking foothills
and debouching on the prairie.

It is very rare to find at one locality anywhere in the
world, a complete section of the earth’s crust exposed. The
nearest approach to this in Colorado, is the remarkable
section between Colorado Springs and Manitou, which
shows along the wagon road the succession of strata from
Archzan to Quaternary.

One of the most remarkable werfical/ sections in the
world, is in the grand canyon of the Colorado River, where
the stupendous cliffs show in one face, a thickness of some
6,000 to 7,000 feet of strata, representing several geological
ﬁeriods, but by no means a complete section of all that is

nown of the earth’s crust.

To show how difficult and rare it is to to get a complete
section of #// the periods in the earth’s crust, we may state
that sometimes the rocks of a single geological period are
from 10,000 to 20,000 feet thick. A canyon might thus be
cut to a depth of 5,000 feet, and yet be in only part of a single
earth-period.

By far the most extensive and available sections are, like
those represented in the engraving, along the courses of
streams on the flanks of a mountain range. It would be a
formidable task to scale a cliff 5,000 feet high and examine
minutely, in ascending, each of its geological divisions;
whilst, on the other hand in the foothill regions, a pros-
pector may walk over and mark and study as much as 10,000
t0 40,000 feet of strata along the banks of a river in a single
afternoon. In the Weber Canyon in Utah, as much as 40,000
feet of strata, composing the flanks of the Wahsatch Range,
can be seen by the traveler from the windows as he glides
through in the railway car, and the inquiring prospector or
geologist can examine and study this vast section leisurely
on his mule or on foot, without doing any climbing and on
a good road. Smaller partial sections can be similarly
studied along many of the streams issuing from the Rocky
Mountains among the foothills of Colorado. Such, for
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example, as at Boulder Creek, Clear Creek, Bear Creek, the
Platte River, and, most complete of all, the one along
Fountain Creek, near Colorado Springs, which we have
already mentioned. Similar sections can be found in most
mountain regions, such as the Adirondacks in the East, and
the Sierra Nevada and Coast Range in the West of America.
We emphasize again, that the close study of these is the
best preliminary step we know of in a prospector’s geological
education. Let us now examine our ideal generalized
Colorado section which we will suppose to be all exposed
along the banks or canyon of a single river. We will start
from the Archzan granite in the canyon, thus giving usa
sure and known and lowest possible geological horizon to
begin with.
THE ARCHZEAN.

This Archean we find to be composed towards its core,
of solid, shapeless (amorphous) crystalline granite, which
seems to have been fused out of all shape by water and fire,
or aqueo-igneous fusion. With this, but more characteristic
of the upper and outer edge of the Archean, the granite
assumes a more stratified and bedded character, which we
designate as “gneiss” and interbedded with it at intervals
are distinctly laminated or finely leafed strata, called schist;
all these varieties are composed of the same minerals in
different arrangement and quantity, viz., mica, quartz, horn-
blende, and feldspar. As these rocks are semi-igneous or
metamorphic, we find no fossils in them. Traversing all
these Archzan rocks and cutting them at ail sorts of
angles, we may notice some eruptive dykes of porgh Iy,
which were once certainly molten and have ascended In
that state through fissures opened in the rocks from depths
and sources unknown. As we approach the edge of the
granite we may even see some of these molten rocks,
insinuating once fiery tongues among the weak places and
bedding planes of the overlying sedimentary strata, as
represented in the diagram, where one dyke is shown to
have sent out so thick an intrusive sheet of porphyry,
(see Plate II), between the overlying limestones, that where
subsequent erosion took place, this thick sheet, by its
superior hardness, was left to form the highest cap of the
mountain, as on many of our prominent mountain peaks
such as Mt. Lincoln and others in South Park.

Besides these rocks, the prospector will observe numbers
of quartz and pink feldspar veins of all sizes, some mere
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streaks and occupying incipient fissures or weak places
(veins of segregation), others occupying large well defined
fissures or jointing planes (so called true fissure veins).
Some of these may or may not carry metal, gold or silver,
lead or copper, at any rate he will pay them especial atten-
tion particularly if any of them look at all decomposed or
rusty, or are in close proximity to an eruptive porphyry
dyke.
i THE CAMBRIAN,

Now the prospector emerges from the Archaan granite
and finds the first true sedimentary, water-formed rocks
lying where the ancient seas placed them, on the eroded
upturned edges of the granitic series.

If this section should be near the plains or foothills,
this first sedimentary rock will be a sandstone, pure and
simple, or a conglomerate of little pebbles, but in the parks
and center of the mountains where these ancient strata are
most conspicuous, the first rock lying on the granite is a
hard, white, semi-crystalline quartzite or metamorphosed
sandstone. He may possibly find some obscure signs of
ancient fossil shells in this series, which is called the Cam-
brian now, though formerly it was held to be only a lower
division of the Silurian. In Colorado these Cambrian rocks
rarely exceed 200 or 300 feet in thickness, but in other
regions they are often very much thicker. In this series
the prospector may look for precious ore, more especially
gold. Hg will carefully look also for intrusions of eruptive
porphyry in this series, as at the junction of this with the
quartzite, ore is most likely to be found. He will also
observe any rusty signs filling cracks, as good indications
of gold bearing ore. Silver also may be found associated
with lead or zinc.

SILURIAN.

Walking along, he next comes to some 200 or 300 feet of
drab-yellowish or light gray thin bedded limestone of a
dolomitic character, characterized by numbers of little white
flints or (rarely in Colorado) by some fossil shells, which, by
reference to the engravings in his manual, he finds to be
Silurian, and so recognizes the series. Here he may find
indications of lead, silver or other ores, but not much gold
as a rule.

CARBONIFEROUS.

The next series of this should, according to the text-
books, be the Devonian, characterized by fossil fishes and
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“0Old Red” sandstones; but the rocks of this epoch for
some reason are missing in Colorado. Instead of this, rest-
ing on the Silurian, he finds a thick bed of heavy bedded,
massive, ‘“ blue-grey ” limestone, characterized by black flints,
and at rare intervals by fossil shells and corals, which again,
by reference to his book, he finds to be characteristic of the
Lower Carboniferous. This limestone when traversed by
sheets of eruptive porphyry, has yielded at Leadville and at
Aspen and New Mexico and Arizona, some of the largest
silver-lead deposits in the West. In fact, throughout the
West it may be considered as the main silver-lead horizon.
This limestone is generally between 200 and 300 feet in
thickness and readily recognized by its position relative to
the Silurian below it, and tﬁe massiveness of the strata, and
their dark grey color. It is commonly called the “Blue
Limestone ” in Colorado.

MIDDLE CARBONIFEROUS.

Next on this, is a bed of dark black shales in which thin
seams are sometimes found, and fossil plants, like those in
the coal strata of Pennsylvania, sufficient to show that it,
too, belongs to the Carboniferous. This is followed by
some 2,000 or more feet of “grits,” rough, hard, gritty
sandstones, partially changing into quartzite, akin to the
 mill-stone grits” of the Eastern States. A few limestones
occur in this thick Middle Carboniferous series, which
locally, when capped by porphyry, produce silver-lead
deposits ; but generally speaking, the “grits” are unproduc-
tive in Colorado.

The Upper Carboniferous consists of beds of gypsiferous
shale and heavy, brownish red conglomerate sandstones.

TRIASSIC “ RED-BEDS.”

From these we pass into a series of heavy bedded, coarse
conglomerate sandstones of a brick-red color, commonly
known as the “Red Beds” in Colorado ; little indications of
ore are to be expected in this series. The prevailing redness
of the series makes it an easily recognized geological horizon
in Colorado and elsewhere. The thickness in Colorado
varies from 1,000 to 2,000 feet.

JURASSIC.

Next, the prospector comes to a softer and more varie-
gated series, consisting largely of pink, green, red, or
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maroon marls and clays, with some thin limestones and red
sandstones. This is the Jurassic series in which some
remarkable lizard remains, called Dinosaurs, have been
found, proving the correctness of its Jurassic name. This
is not a likely mineral horizon, generally speaking, in
Colorado.

CRETACEOUS.

These softer beds are capped by a hard massive sandstone
about 200 feet thick, forming by reason of its superior
hardness a prominent hog back in the prairie or foothill
region. Fossil remains of leaves show it to be a land and
fresh-water group, which is called the Dakotah group.

This group in Colorado forms the base of the great
Cretaceous system; lying on it, is an enormous thickness
of drab shales with a few limestones characterized by fossil
sea shells, showing the group to be the marine Cretaceous,
likewise a poor ﬁrospecting ground. Towards the upper
portion, these shales pass gradually into heavy bedded
sandstones containing several seams of coal, and many
impressions of tropical foliage. This is the Laramie group
of the Cretaceous, evidently of fresh water origin, and
noted as the main coal producing horizon in Colorado and
the West.

TERTIARY.

On this, at a somewhat gentler angle even to horizontality,
rest thick beds of shale and clay and conglomerate, com-
posed of volcanic detritus and pebbles, showing that at the
time these Tertiary beds were being laid down by large
fresh water lakes and marshes surrounded by tropical
foliage, volcanic eruptions on a grand scale repeatedly
occurred. Hence it is that many of the Tertiary beds are
preserved from erosion by being capped with volcanic
rocks, such as basalt, andesite, or rhyolite,”as at the Table
Mountains at Golden, on the Divide near Colorado Springs,
and elsewhere in Colorado. One of these lava capped
“mesas” is represented in the section, Plate II. Fossil
leaves and coal seams are found in this period.

QUATERNARY,

Lastly, strewn indiscriminately over all the formations is
the “Quaternary drift” composed of loose pebbles, and
sands, and clays, the material derived from rocks of all the
periods through the agency of glaciers and streams.
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Here the prospector will pan for his gold placer, and in
his search may possibly come across the teeth or tusks of
the great Mammoth or fossil elephant, together with the
first indications of the presence of primitive man. The
pebbles by their variety will form a fertile subject of study
to determine to what class of rocks they belong.

This ends the prospector’s first preliminary lesson in
Colorado; but taking this section as a type, he may to his

reat advantage, similarly study other sections far remote
rom Colorado.

In Colorado, if he knows this section by heart, he has
the key to nearly all our mountain structure, and will be at
home wherever he goes. He will be struck, too, to see to
how small a portion of this great section the precious
metals are more or less confined, principally to the Archaan
and Paleozoic rocks.

CHAPTER IL
THE PROSPECTOR’S HISTORICAL GEOLOGY.

In our last chapter we gave some hints to the prospector
how to commence his geological studies, and gave him an
example of a geological section of the foothills and moun-
tains of Colorado, and how to study it in detail practically.
Having completed this study, if a thoughtful man, he will
like to know more of the natural history of all this section of
the earth’s crust : what is the natural history of the Archeean,
the Cambrian, Silurian, etc., why do some of these strata
contain sea shells, and others land plants, why are some
evidently of marine, and others of fresh water origin, and
particularly why are some especially metalliferous, and
others not so much so. We propose, therefore, in this
chapter to give him a brief sketch of the earth’s history as
exemplified in the section, Plates I. and II.

HYPOTHETICAL ORIGIN OF THE EARTH.

The world was not “spoken into existence ready made”
in the state we now find it. It has attained this condition
through a multitude of gradual changes and revolutions
which have taken millionrs of years to accomplish. The
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remote history of the earth’s origin is a matter of hypothesis
and speculation. There are reasons for supposing that at
one time its elements were in a gaseous condition, and that
this planet was an incandescent luminous cloud revolving
through space, gradually consolidating into a molten ball
surrounded still by an atmosphere of gases, a condition
perhaps not very unlike that of the sun, whose interior by
some is supposed to be passing into the molten state, while
its exterior consists of various incandescent gases arranged
more or less according to their specific gravities. The
spectroscope has detected the elements of some of our earth
metals and minerals in the sun in a state of vapor. The
ultimate source of the precious metals is again a matter of
speculation like the nebular hypothesis we have alluded to,
by which the earth, as we have said, is supposed to have
arrived at its present condition as the result from the
gradual cooling of an incandescent mass, and as the specific
gravity of the crust is much less than that of the whole
mass of the earth, it has been inferred that the heavy metals
must be in much larger proportion in the interior of the
earth, than in the rocky crust, though this greater interior
specific gravity might be also accounted for by the rocks of
the interior being much more tightly packed by enormous
pressure than those near the surface. Volcanic emanations
and hot springs contain metallic minerals, so also do the
waters of the ocean. But we know not from what depth the
former came, nor from what source the latter derived them.
As circulating waters take up and throw down their metallic
contents under varying conditions, the same material may
have been deposited more than once, and in more than one
form since it reached the rocky crust.

Upon the cooling of the ball, a crust formed like that on
molten iron, crumpled and corrugated by contraction, due to
cooling, into an uneven surface, with comparatively slight
elevations and depressions, and doubtless broken through
here and there by great fissures and volcanic craters, through
which the molten flood beneath poured out in volumes,
adding to the thickness of the congealing crust.

Upon such a surface the gaseous atmosphere, gradually
cooling and condensing, descended as hot chemical rain,
and filled the troughs of the crumpled surface with a hot,
chemical, steamy ocean. Whatever land of primitive lava
rose above this ocean was battered by the waves, reduced
to sediment, and deposited as the first sedimentary strata in
the bed of that primaeval ocean, the eruptions from below
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the thin crust doubtless contributing largely to the same
material,

ARCH/AEAN AGE,

Thus, perhaps, were formed the first stratified rocks of the
world, which we have an opportunity of actually seeing and
studying, viz.: the granitic series, with its varieties of gneiss,
schist, syenite, etc., and as this is the beginning age so far
as we know, we call it the Archwean, the Greek for begin-
ning. It would seem probable, however, that these granitic
rocks forming the axes of our mountains, may not, at least
in part, have been the very first rocks of the crust, for we
observe some of them such as the gneisses and schists to be
stratified, and to show elements in them seemingly derived
from other and still older rocks, which latter may or may
not have belonged to the original cooling crust. Some
geologists claim that the Archzan is the first cooled crust
and attribute it to a molten origin. This may be true for
the seemingly fused massive amorphous granites (though
these may be but the result of aqueo-igneous fusion of
sediment or extreme metamorphic action), but scarcely for
the stratified gneisses and schists, though it is to be noted
that a sort of stratified or schistose structure is sometimes
observed in truly igneous rocks and may be induced by
peculiar arrangement of minerals, pressure and cleavage,
instead of water lamination.

The subject is a difficult one and too abstruse for the
limits of this work. A

In the scale of geological periods in the text-books, we
sometim es find this great Archean divided into two or
more groups such as the Laurentian, Huronian and of late
the Algonkian. The Laurentian is the oldest and may be
called the Archaan proper, whilst Huronian and Algonkian
may be grouped generally as Pre-Cambrian, or series of
rocks laid down after the Laurentian and before the Cam-
brian. All the rocks are of a highly crystalline order and
have a peculiar and distinct general appearance different, as
a rule, to those of any subsequent geological periods and so
not easily mistaken for them, consisting in the lower division,
mainly of granite, gneiss and schists, and in the upper
divisions of gneisses, schists, quartzites, slates, some marble,
serpentine, etc. The upper or Pre-Cambrian series is not
nearly so universally found as the Laurentian or Archzan

roper. In Colorado we find the Pre-Cambrian represented

ocally in South Boulder and Coal Creek canyons, along
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the foothills, also near Salida in the Arkansas valley, in the
Quartzite range and on the road between Ironton and
Ouray in the San Juan Mountains. The new Kootanie
silver mining district of British Columbia, seems to be
largely in these Pre-Cambrian rocks. This Pre-Cambrian
is usually very thick, numbering many thousands of feet.

It is distinct from the Archzan proper or Laurentian by
lying on the latter at a different angle, in other words
“unconformable.” The rocks, too, do not contain so much
of the heavy massive granites, and heavy bedded gneisses
as the Laurentian, but are more characterized by quartzites,
by conglomeratic gneisses and schists, and show clearly
that though highly metamorphosed and crystallinelthey

PLATE III.

Archzan Rocks.

are of true fragmental and aqueous origin, for the pebbles
in the gneiss are often very distinct, and ripple marks are
not uncommon on the quartzites and slates and schists.
The material was doubtless derived by waters from that of
the underlying and older Laurentian. The whole Archzan
series, however, has evidently passed through an ordeal of
heat, such as is called aqueo-igneous heat, and all its ele-
ments are in a highly crystalline condition. Its strata are
intensely folded and crumpled. See Plate III.

Signs of life, in the upper series even, are exceedingly
obscure and doubtful, such as graphite and possibly corals.
Great iron beds also occur, indirect proofs perhaps of the
previous existence of life.
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We have been thus particular with this Archaan-Age
because its rocks are of great importance to the prospector,
being the main repositories of gold, silver and the precious
metals thoughout the world. Moreover many of the other
and newer rocks containing gold and silver have been made
from the detritus of this, and the gold placer beds largely
from the detritus of the rocks and porphyries found in this
age. Thus the Archzan may be considered as the parent
of nearly all the other rocks. When later we have studied
the origin of ore deposits, we shall see how eminently the
Archean Age with its attendant heat, chemical reactions,
fissuring, metamorphism and volcanic eruptions was favor-
able to the diffusion and concentration of precious ores in
its rocks.

CAMBRIAN AND SILURIAN AGES.

Cooling and consequent contractions still progressing in
the globe, fresh and greater wrinkles and corrugations
were caused on the surface of its crust, and some of these
granite seabottom strata were crumpled up, till the
crumples arose above the then universal ocean as low
islands or reefs. The ocean had by this time cooled
sufficiently to support low forms of marine life, and so along
the flanks of these granitic islands, corals formed reefs,
shell fish swarmed and sea weeds grew. Sands formed by
the waves from the material of the granite were laid down
as shore-line beaches, often mixed with shells; and in
deeper water, corals were forming limestones as at the

resent day, both, by time and pressure, consolidating into
Eard rock, eventually it may be, metamorphosed by heat
into a semi-crystalline hardness, as in the case of the
Cambrian quartzite and Silurian limestones, the latter some-
times changed to marble. If these Cambrian quartzites
were formed from the detritus of the granite and the
granitic series is the source of gold, it is not surprising that
we find the Cambrian quartzites Jocally rich in gold, as they
were the auriferous sea beaches (like those of to-day in
California which are gold bearing) of that period, later
consolidated into hard rock. In Colorado the Cambrian
quartzites are on]%tl locally prolific in gold, as at Red CIliff,
but as they have hitherto been much overlooked by pros-
pectors they are worthy of closer attention by the gold
seekers. The limestone not being. of a true fragmental
origin but formed by the slow work of corals, could not be
expected on consolidation to be a recipient of gold, but
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later by its peculiar chemical composition, of which we will
speak hereafter, and by its cavernous nature, it furnished a
more convenient receptacle for silver and lead ores.

So then in Colorado and in other regions, we find first
the upheaved crumpled granite of the old Archzan island,
and on these the Cambrian sandstone or quartzite beach of
“golden sands” with some fossil shells, and upon this again
Silurian limestone with relics of fossil corals and shells.  So
we call these ages the Cambrian and Silurian because the
fossil shells and corals are peculiar to those ages and distinct
from those of later periods or the present day.

PraTE IV.

America at Close of Archzan,

North America at the beginning of these periods was
barely outlined by a few granite islands congregating mainly
in the region now occupied by Canada, whilst one or two
reefs or scattered chains of islands marked the site of the
Eastern ranges of mountains, and a few parallel granite
islands outlined the site of the principal uplifts or future
great ranges of the Western Cordilleras. All else was
ocean, and that ocean was depositing its Cambrian beaches
and Silurian coral limestones against or near these granite
islands destined in time to grow into lofty mountain ranges,
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and to become the backbone of the American Continent.
See Plate 1V,

DEVONIAN.

The Devonian which should come next in order in the
geological tree appears to be absent in Colorado but is well
shown at the Eureka Mines in Nevada. The rocks appear
to be mostly marine limestone full of corals and shells and a
few remains of gigantic fishes for which this age was
celebrated. Land plants and some coal are found in it in
the East. Lead silver ores may be expected in the lime-
stones of this age, and in Cornwall (England) Devonian
slates traversed by quartz porphyries are the main rocks
carrying tin ore, a metal very scarce at present in North
America.

ic| Mesozoic Cenozoic

PLATE V.

Section showing Unconformity of Geological Eras.

These ages we are speaking of are separated or distin-
guishable from one another by decided and characteristic
changes in the fossil, animal and vegetable life existing
between one age and another, also in some countries by
marked unconformability of the rocks, . ¢., the rocks of one
age lying at a different angle upon the upturned rocks of a
previous age marking great oscillations between sea and
land.

In America, however, these oscillations between sea and
land seem to- have been less than in Europe, and we find a
general uniform rise of the continent from the primitive
oceans, and an orderly succession of strata lyin%] against the
flanks of the ever rising granite nucleus of both mountains
and continent. Hence to distinguish the different ages we
are driven more to the study of fossils and lithological
peculiarities than deriving an{Ihelp from observed marked
unconformability. See Plate V, in which the strata of the
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different eras lie upon one another at different angles, and
the glacial and Quaternary drift pebbles and clays are
strewn unconformably also over the tops of the uptilted and
eroded strata of all the eras beneath.

CARBONIFEROUS,

In the Eastern States as the American continent gradually
rose from the sea, and to the granite islands had been added
a Cambrian, Silurian, and Devonian shore, with further
unequal elevation, a kind of wide trough or synclinal fold
or depression appears to have been formed between the
middle and eastern part of America, which was at first
occupied by a wide arm of the sea, later, by continued
elevation, by a great body of fresh water, and later by low
marshes and low marshy islands barely above sea-level.
Upon these low lying lands grew a dense vegetation unlike
any of the present day, but resembling somewhat the tree
ferns of our southern semi-tropical States. This low lying
region was subject to freshets and inundations from the
surrounding higher regions, periodically deluging the
swamps and swamp vegetation with river and flood deposits
of pebbles and sand, under pressure of which the peat

radually turned into coal. Successive coal seams were
ormed by successive growths of vegetation between the
intervals of periodic inundation, or of subsidence and
possibly at times of upheavals, for these low lands, as
sediments accumulated, appear at times to have sunk below
the sea and again to have been either built up above it by
fresh supplies of sediment, or to have been temporarily
raised up by upheaving forces.

Finally by a grand revolution which closed the Carbonif-
erous age in America, the coal swamps with their coalbeds
and strata were crumpled up to form the present great
Appalachian Chain. '

Similar movements no doubt took place about the same
time in the Rocky Mountain and Western region. But
here the marine condition seems to have predominated
over the fresh water one, for we find the Carboniferous in
Colorado more represented by marine fossiliferous lime-
stones and sandstones than by those of fresh water origin,
though the Weber-grits may have had a fresh water origin,
as in a few rare instances we find fossil plants like those in
Pennsylvania together with a few insignificant small seams
of coal. But in the West it is evident that the circum-
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stances from one cause or another were not favorable for
the production and growth of extensive coal-beds as in the
Eastern States. The coal forming time was reserved in the
West for a much later period, viz.: the Laramie or Upper
Cretaceous. The Lower Carboniferous in Colorado, how-
ever, contains in its limestones much of our silver-lead
wealth as at Leadville and Aspen.

The Cambrian, Silurian, Devonian, and Carboniferous
Ages have been grouped together by geologists into one
great era, the Paleozoic, owing to a general family likeness
in the fossil fauna and flora of these ages.

To the Archaxan and Paleozoic rocks the bulk of our
veins and deposits of gold and silver are mainly confined,
though both in Colorado and elsewhere, as will appear
later, if certain peculiar conditions are present, the rocks of
the later and newer periods may also in some regions
produce precious ores. But the prospector should give his
closest attention to these o/der rocks, hence we have devoted
extra space to their description and history.

TRIASSIC AND JURASSIC, OR JURA-TRIAS.

After the Carboniferous, followed the Triassic and Ju-
rassic; sometimes in America, owing to the difficulty of
positively separating the two periods; they are combined
under one name, the Jura-Trias, and in Colorado are locally
called the “ Red-Beds,” owing to their prevailing red and
variegated colors. The series is well represented in the
celebrated Garden of the Gods, near Colorado Springs. The
red conglomerate sandstone of the Trias proper, has so far
yielded no determinative fossils, but the variegated clays
in the upper Jurassic at Morrison and elsewhere have
yielded some remarkable Saurian remains of land lizards.
It is probable from the presence of salt and gypsum in
these red-beds, and the prevailing redness of the rocks, due
to iron, which was not leached out through the agency of
organic life, and the general absence of fossil remains, that
the lower portion of these rocks was laid down in land-
locked salt seas, or salt lakes, shunned by both vegetable
and animal life. The upper-portions, however, show evi-
dence of the existence OF land of a low marshy character,
with fresh water and probably large estuaries, as we find the
remains of turtles, crocodiles, fresh water shells and Dino-
saurs or land lizards. The rocks of these periods are not
generally prolific in ores. The Silver Reef sandstone of
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Utah is an exception, which contains chloride of silver
disseminated through it. When pierced by eruptive rocks,
however, ore should be looked for in this series as else-
where,

CRETACEOUS PERIOD.

Upon this followed the Cretaceous, a series of very
thick formations, numbering several thousands of feet in
Colorado, consisting in its middle portion of limestones, and
thick beds of drab shale. These are mostly marine, as
shown by the sea shells in them, but at the base is what is
called the Dakotah group or Cretaceous No. 1, a prominent

PrLaTE VI

North America in the Cretaceous.

sandstone hogback in which the fossil impressions of leaves,
very like, but not identical with those of the present day,
show that land and fresh water existed at the time. The
limestones and clays of the middle or Colorado group,
contain quantities of fossil marine shells, such as the
Nautilus, Ammonite, Baculite and Inoceramus.

The Laramie forms the upper group of the Cretaceous,
and contains our principal western coal fields and abounds
in fossil remains of tropical foliage.

This Laramie group marks an important era in our Rocky
Mountain region for it shows that beginning of the great
Rocky Mountain revolution, by which the granite islands
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before mentioned, against which all the previous sediments
had been forming mainly beneath the sea, were elevated
10,000 feet or more into continental or mountainous masses,
dragging up with them portions of the sea bottom and ex-
posing it as land surface, draining off the shallow Creta-
ceous sea which had hitherto divided the Eastern half of the
American continent from the Western, bringing on a land
and continental condition, which was completed in the fol-
lowing Tertiary age and has continued to tﬂe present. See
plate VI. -

The Jurassic, Triassic and Cretaceous are grouped into
one main division called the Mesozoic or middle life era of
the world’s history. None of the rocks of this age in Col-
orado are celebrated for ore deposits, except locally under
local conditions.

In California and portions of the extreme West where
these rocks have been highly metamorphosed by heat and
penetrated by igneous rocks, some of the leading ore de-
posits of gold and silver are found. The same remark
applies also to the succeeding Tertiary in those regions,
particularly in the Sierra Nevada and Coast ranges.

TERTIARY.

The Tertiary age seems in the Rocky Mountains to mark
an era of comparative rest in mountain elevation, for the
strata forming some of the divisions of this age lie almost
horizontally upon the tops of the earlier upturned periods.

These beds were formed by fresh water lakes in Colorado
surrounded by tropical vegetation. In the Coast ranges of
California the Tertiary is upturned into mountain formsand
metamorphosed, and, from the presence of sea shells, is
clearly of marine origin. The Tertiary in Colorado is best
seen in outlying table lands. In Wyoming the Tertiary lake
formed the Green River beds and Bad Lands abounding in
fossil mammals, leaves, fishes and insects. The Tertiary
was the world’s tropical summer, a period of beautiful lakes
of semi tropical foliage and a warm climate. In certain
regions it was disturbed by gigantic revolutions which up-
heaved the Himalayas and the Alps. Such revolutions as
occurred in our Western Cordillera system were marked by
enormous ebullitions of lavas of various kinds issuing from
fissures deluging Idaho, Nevada, part of Oregon, and Wash-
ington. Remnants of this same disturbance are seen in the
form of basaltic overflows capping Tertiary strata in Colo-
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rado and New Mexico; and the vast volcanic region of San
Juan in Southern Colorado is covered with successive lava
overflows of the same period.

The Tertiary rocks in Colorado are not generally good
prospecting grounds. The lavas, however, are (with the
exception of the basalt, which for some reason is generally
sterile) locally productive, as for instance the entire San
Juan Region, also Cripple Creek Mining Camps and Silver
Cliff. So, the prospector, whilst he need not waste time
among the sedimentary beds, will do well to examine any
eruptive rocks of this period for gold especially, and also
for silver. The varieties of lava are principally andesite,
rhyolite, trachyte and basalt. In the Coast range of Cali-
fornia where the Tertiary beds have been metamorphosed
by heat into slates, gold and cinnabar are found.

GLACIAL EPOCH AND QUATERNARY AGE.

The Tertiary Summer was closed by the world’s Great
Winter. The ice from the north pole for some reason we
will not discuss, extended its domain far south to latitude
4o0. All the northern temperate regions of the world were
ice-sheeted and the sheet extended itself as by long fingers
down the, by that time, highly developed mountains, filling
the ravines with glaciers. By the downward destructive
grinding motion of the glaciers, the ravines, commenced
by water, were deepened and widened by ice. Fissure veins
were thus exposed, both of gold and silver. The debris
from their progress the glaciers carried on their backs and
dumped at the outlet of the canyons; and when the tem-
perature finally became warmer, and the glaciers melted, all
the long lines of traveling boulders scattered upon their
backs, many of them containing gold robbed from the veins,
were left as banks or ‘“moraines” forming our “gold
placer” grounds along the sides of our streams and canyons,
or sometimes a thousand feet above the present river bed,
marking the original height orthickness the great ice bodies
once attained.

So were our canyons largely formed, and so did our gold
placers originate. After the Glacial Epoch, a warmer period
set in, called the Quaternary. The ice melted. Vast bodies
of fresh water were distributed in wide streams and mon-
strous lakes over large portions of this hemisphere. The
rough “ morainal ” dumps of the glaciers were *sorted.” or
“modified ” by water, rolled into pebbles and sand, and re-
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distributed along the banks of streams or carried out into
beds of lakes. In these pebbles and sand, was much of the
precious metal mined and robbed from the veins. The gold
by its insolubility remains to this day in our placer beds and
“drift” or “wash” and is collected by hydraulic mining.
That the prospector for gold should closely study these
‘Glacial and Quaternary deposits is evident.

So ends the history of our section. Still the agencies of
nature are at work as of old. Continents are gradually
rising or sinking. Mountains are being imperceptibly ele-
vated. Water is still sculpturing them with canyons.
Rivers are carrying down fragments robbed from the land
and depositing them in the ocean to form strata for future
continents.

The fires of the earth are not yet dead, for volcanoes still
vomit lava. The earth, however, is still continuing to lose
internal heat. Its crust is still contracting and wrinkling
itself upwards, for we find modern sea beaches raised high
on our seaboard cliffs. Shocks of earthquakes from time to
time, prove that motion of some kind is going on beneath
us, and doubtless our mountains are still rising imper-
ceptibly, as they appear to have done in a§es past, giving
additional lifts and elevation to old uplifted strata, and
slowly elevating newer strata that since the Tertiary have
lain apparently undisturbed. We say apparently, for not
only are the Tertiary beds uplifted from 5 to 10 degrees, but
even the more recent Quaternary deposits, showing that
movement has been going on comparatively recently and
may still be progressing imperceptibly.

CHAPTER IIL

THE PROSPECTOR’S PALEONTOLOGY OR STUDY OF
FOSSILS.

A prospector in his roaming among the rocks is. likely
from time to time to come across a good many fossils or

etrified remains of life that once existed on this planet.

e will feel curious to know what these are, what class of
animal or vegetable they may represent, to what geological
era, epoch, or subdivision they may belong.
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Fossils to a geologist are the labels of the rocks; show
a geologist a fossil, and he will probably be able to tell at a
glance whether the fossil came from a series of Paleozoic,
Mesozoic or Cenozoic rocks, whether it belonged to a very
ancient geological period down near the primitive granite,
or to a comparatively recent one near the modern soil, high
up in the geological scale and nearer to the life of the
present day. He may be able to tell not merely whether
it belongs to one of the great divisions, to the great eras,
but also to the subdivisions of these eras, whether to the
Silurian or Carboniferous, the Jurassic or the Cretaceous,
or even to minor divisions of these, called groups ; whether,
for example, it belongs to the Dakotah group of the Creta-
ceous, or to the Laramie group of the same period.

PRACTICAL USE OF FOSSILS.

The practical use of a general knowledge of fossils is
obvious. A prospector finds in certain strata a fern-leaf
of the Carboniferous, this tells him he must be on the
coal strata and forthwith he hunts for coal. Or he finds
a Paleozoic shell or coral which points to the fact that he is
prollzably in the neighborhood of the precious ore-bearing
rocks.

Later perhaps he finds a shell or coral characteristic of the
lower Carboniferous blue limestone, the celebrated lead-
silver bearing formation of Colorado and the West, and he
is encouraged to look for these ores. The limestone by
itself is but a poor guide, for there are many limestones not
unlike it in the different series of rocks, but this particular
shell labels this as “#Ze¢ blue limestone” and no other.
Hence a characteristic fossil may help considerably in fol-
lowing up in its extension an ore-bearing.rock, and not
only that locally, but in regions very far apart. Soon after
the celebrated ore deposits of Aspen were discovered, and
the mines were in their infancy, some fossils were discov-
ered that showed the deposits to be in the same limestone
as that at Leadville, which had proved there so productive.
This gave an additional impetus to the camp, “a second
Leadville ” so it was said.

Again, though a prospector may not find at once the par-
ticular geological stratum or period he is looking for, if he
finds a characteristic *fossil anywhere, in some other period,.
he knows from it whether the period he is after lies geologic-
ally below or above where he is looking. ~
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Thus, if a prospector finds a Silurian shell he knows that
the Carboniferous “blue limestone” must be close above
this Silurian, or if he finds a Marine Cretaceous shell, he
knows that the Laramie coal-bearing group lies above. On
finding a Cretaceous or Jurassic fossil, he knows that the
Carboniferous and Paleozoic series must lie considerably
below him.

In the accompanying geological table, Plate VII, we have
shown what rocks and what minerals and metals are likely
to be found in the geological divisions and subdivisions;
also, generally, what classes of fossil life are to be expected
in each.

Then in the diagrams of fossils, we have selected pictures
of the fossils most. commonly to be found in all the great
divisions, so that if the prospector finds a fossil, he may, by
comparing it with the pictures, find what its name is, and
to what great geological division or subdivision it belongs;
it is not so necessary for him to remember the scientific
“jaw-breaking " names of these fossils; as it is for him to
be able, at sight, to recognize whether it belongs to one or
other of the great eras, or; better still, to one of the minor
subdivisions of these ; whether it is Paleozoic or Mesozoic,
whether Silurian or Cretaceous, whether it belongs to the
Colorado-Marine-Cretaceous or to the Laramie fresh-water
Cretaceous, etc. If the fossil is a very peculiar one and can
not be identified as belonging to any of the common ones
we have pictured, he had better send it to the office of the
U. S. Geological Survey at Washington, or to some good

aleontologist. We frequently have fossils sent to us to
Enow whether this or that fossil is a likely indication of the
presence of coal or other mineral, and sometimes our iden-
tification is a material help to the prospector; but with the
above table the prospector could save himself the trouble
and postage stamps.

——————y
ARCHAEAN.

Starting then from the Archaan as a sure and safe hori-
zon, the prospector will find no fossils, and only some in-
direct probable evidences of past life, such as graphite,
which may possibly represent ancient coal derived from
some form of vegetation unknown to us. Limestone and
marble are also indirect evidences of past organic life, most
modern limestones being due to the remains of corals, etc.
‘Whatever life may have existed in those primitive granitic


http://www.homesteadingsurvival.com

40

rocks, has been pretty well obliterated by excessive meta-
morphism and crystallization of the strata,

CAMBRIAN.

Resting on the granite he finds the ““Primordial” or
“Cambrian ” series, sometimes called the Potsdam Sand-
stone. If this series consists of unaltered sandstones, he
may be fortunate enough to find some of the shells and

PLATE VIII.—CAMBRIAN FoOSSILS.

1, 2, 3, Trilobites ; 4, Track of Crustacea ; 5, Track of Worm ; 6, 7, Sea Shells.

other traces of life of those old beaches as shown in the
diagram, but generally speaking, in Colorado and the West,
the Cambrian is so highly metamorphosed and altered into
hard crystalline quartzites, that evidences of past fossil life
are as scarce and indistinct as in the Archaan, and probably
for the same reason. The forms he may find are, a little
crustacea called a Trilobite, something like a “sand crab,”
also a few little shells and some marks of worms. Plate
VIIIL
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SILURIAN,

In the next series, the Silurian, he may be more fortunate.
He may find remains of sea-weeds, corals and shells and
fragments of a sort of sea-worm called a Crinoid, or sea lily.
The little discs with a hole in the center forming a littfe
ring about the size of a pea, constituting the discs or rings,
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PLATE IX. ~-SILURIAN FOSSILS,

1. 2, Orthis; 3, 4, Spirifer; s, Pleurotomaria; 6, Murchisonia ; 7a, 75, Trilobite
(Calymene) ; 8, Coral Fenestella ; g, Coral Choetites ; o, Graptolite;
11, Orthoceratite.

of which the stems of the sea lily are composed, are some-
times very common in Silurian and Paleozoic rocks, though
it is rare to find a complete Crinoid, and especially the
beautiful comb-like flower or head of the sea lily. He is
likely to find also a more advanced type of the Trilobite and
various Spirifers and other shells as pictured. Plate IX.
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DEVONIAN,

In the Devonian he may find the teeth or bones of fishes,
and a few remains of peculiar land plants, neither of which
are known in the Silurian below, also many corals.

PLATE X.—DEVONIAN FOSSILS.

1, Spirifer ; 2, Comocardium ; 3, Orthis: 4, Goniatites ; s, 6, 7, Corals; 8, g, 10,
Fish Teeth; 11, 12, Fish Scales.

CARBONIFEROUS.

In the Lower Carboniferous “blue limestone,” corals and
shells appear, especially Spirifers and Productus, together
with Crinoids and a very simple curled shell like a snake
coiled up, a “ Goniatite,” one of the earliest of the Ammonite
class. At Aspen, associated with the ore deposits we found
in the blue limestone most of these, together with a kind of
snail shell called Pleurotomaria. At Leadville in the same
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formation Spirifers and Productus are occasionally found.
A very curious coral is one shaped like a screw, called
Archimedes, after the author of the screw. Cup corals
are common.

In the Middle Carboniferous, associated with the coal
seams, many curious remains of reeds, ferns and other
aquatic plants of that age are found, but these are scarce in
Colorado and the West. The prospector will observe that

PLATE XI.—CARBONIFEROUS FOSSILS.

1a, 18, 1¢, Productus; 2, 2, Spirifers; 3, 3, 3, Rhynconella; 4, Euomphalus; s
S Crinoids ; 6, Pleu'rot'omaria; 7. Bélle’rofzhon R Athyr'is Subtilita 580, &
Astartella ; 10, Goniatites ; 11, 12, Corals; 13, 14, 15, 16,
Plants; 17, Spine of Echinus.

there is a general family likeness between the fossils of each
division of the Paleozoic and in the Paleozoic as a whole,
and it may not always be easy for him to determine whether
a shell is Silurian, Devonian, or Carboniferous, but of one
thing he will be certain, that it is Paleozoic.
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TRIASSIC.

In the Trias throughout the West, he is not likely to find
many fossils, the rocks are generally too coarse, but in the
Eastern States, though he may not find any true remains,
he may observe the tracks left by great Saurians, as they
walked on their hind feet, or on all fours, on the red sands
of the beaches of those dreary salt Triassic seas, leaving
“footprints on the sands of time” full of interest.

JURASSIC,

In the Jurassic shales and limestones in Colorado, he may
be equally unsuccessful, though in the upper Jurassic just

PLATE XII.—JURA-TRIAS FOSSILS.

1, Dinosaur Lizard ; 2, 3, Foot and Shoulder Bone; g , Vertebra of Sea Saurian,
Ichthyosaurus ; s, 6, 6, Teeth of Saurians ; 7, Belemnite ; 8, Echinus
9, 9, Ammonites ; 10, Exogyra; 11, lI‘ngoma Shell.

below the Dakotah sandstone, he may light on the bones of

igantic Dinosaurs, or great land lizards, such as the author
ound in Colorado and Wyoming, monsters 6o to 8o feet in
length and proportionally tall, standir{ig from 20 to 25 feet in
height. In the lower l!lurassic in Wyoming, he will find
great numbers of sea-shells and Ammonites, and a‘round
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shell like a cigar called a ““ Belemnite ” or spear-head, the:
internal shell of an ancient cuttle fish. Plate XII,

CRETACEOUS.

In the Cretaceous, beginning with the lowest group, the:
Dakotah group, net-veined leaves of deciduous trees, such
as the willow, oak, maple, etc., the earliest known leaves of
tlllose kinds of trees, may be expected in the sandstone and
clays.

PLATE XIII.—CRETACEOUS FOSSILS.

1, 1, Inoceramus ; 2, Cardium ; 3, Corbula ; 4, Mactra; 5, Margarita; 6, Fasciolaria ;.
7, Anchura; 8, Pyrifusus ; g, 10, Scaphites ; 11, Crioceras ;
12, Baculites ; 13, Shark’s Tooth.

In the Colorado group of the Cretaceous, above the
Dakotah, abundance of oyster shells and large clam shells:
(Inoceramus) are sure to be found in the limestones and
marine shales. In the Montana group of the Cretaceous
above this, consisting mainly of drab shales and some sand-
stones, great quantities of sea-shells are found, amongst
them various peculiar forms of the Ammonite allied to the
modern nautilus, and called Scaphites, resembling snakes
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or worms uncoiling, together with shark’s teeth and bones
of sea Saurians.

In the sandstones of the Laramie Cretaceous remains of
sea-weeds are found; in the sandstones immediately below
the coal-beds, and in those associated with or above the
coal, are found great varieties of semi-tropical leaves, such
as those of the palmetto, fig, beech, elm, magnolia, sassafras,
etc. The presence of these leaves is a pretty sure indica-
tion of coal.

TERTIARY.

In the Tertiary fresh-water beds, similar leaves and thin
beds of poor lignite coal are found, together with fossil

PLATE X1V.—TERTIARY FOSSILS.

1, Palmetto; 2, Cinnamon Leaf ; 3, Cardium ; 4, Insect ; 5, Nummulite Shell ;
6, 7, Fresh-Water Shells.

QUATERNARY FOSSILS.
8, Mammoth Elephant’s Tooth ; g, Mastodon’s Tooth ; 10, Flint Implement;
11, Stone Grooved by Glacier.
insects and remains of mammals. In the Marine Tertiary
are sea-shells,
QUATERNARY.

In the Quaternary drift, amongst the pebbles, sands and
“wash” characteristic of gold placer beds, an occasional
tooth, tusk, or bone of the great hairy Mammoth elephant
or the Mastodon elephant may be discovered, together with
the stone implements or bones of prehistoric man and
pebbles grooved by glaciers.
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CHAPTER 1V,
THE PROSPECTOR’S LITHOLOGY OR STUDY OF ROCKS.

A prospector wants to know a great~dea1 about rocks.
They are his constant companions in the field. His busi-
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ness is amongst rocks. He wants to be able to recognize
them at sight, when he picks up a loose pebble, or confronts
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a mighty cliff. When travelling
over the mountains, as he sur-
veys the grand panorama from
the top, he wants by the peculiar
forms and patterns each variety
of rock is apt to take as the re-
sult of erosion and weathering
owing to different degrees of
hardness, to be able to make a
shrewd guess from a long dis-
tance, as to whether one moun-
¢ tain is made of granite, or another
£ of limestone, or a third of por-
& phyry. This habit of forming
g rough guesses as to the charac-

» ter of distant rocks, decides him
=

-£as to choosing his course for

& prospecting. *‘In those sharp
» granite looking peaks ” he says,
$ “may be I will find fissure veins.
% Yonder cones, like the spires and
¢ minarets of a Gothic cathedral
S must be porphyry or igneous
% rock, another likely locality, and
¢ mark where they break through
‘% the sedimentary strata, and tip
¢ them up all around them; at the
& junction of these sedimentaries
« with the igneous rock. there may
% be lime-stone, and a ‘contact
g blanket deposit.” Yon smooth
¢ grassy slopes are probably under-
E laid by sandstone or limestone,
© and the rolling valley beneath by
soft shales. The latter are un-
promising for preciousores.” Or,
again descending from his perch
into the canyon below, he recog-
nizes the granite basis, and on
top of it, a series of sedimentary
rocks. The lowest of these, by its
rusty-white, masonry-like struc-
ture, he judges to be Cambrian
quartzite, the thin-bedded strata
above, Silurian limestones, and


http://www.dawnapproaches.com
http://www.homesteadingsurvival.com

49

the heavy massive beds above these, Lower-Carboniferous
blue-limestone, whilst a dark greenish-gray rock, running
in and out irregularly among the strata, sometimes between
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the stratification planes, at others cutting across them, he
judges to be an intrusive sheet of porphyry,and looks again
for “contact deposits.” A rock running up like a low wall
from the bottom of the canyon to the top, may be either a
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quartz fissure vein, or a porphyry dyke, and well worth ex-
amining. There are many ways of studying rocks, one by
hand specimens, finding out all the minerals composing
them, and then naming the rocks from which they came;
another by observing the appearance of large masses of
rocks in t{;e field, and noting their mode of occurrence;
and lastly if we wish to be very accurate, making thin
microscopic sections and a chemical analysis, but for the
average prospector these last will be rarely necessary.

If a prospector bought a manual to study rocks, for prac-
tical purposes, he would find himself amongst a sea of names
of varieties of rocks, nine-tenth of which it is safe to say he
would never meet with in his field experience,

To save him the trouble of wading through such books,
we select just about as much as a prospector is liable to
meet with in the field or find practically useful, saying little
also about such common rocks as are familiar to every one.

Those that need most definition and are of most impor-
tance in the mining field, are the crystalline rocks, belonging
to the class called metamorphic and igneous; the last es-
pecially needs careful determination.

Nearly all sedimentary rocks (limestone excepted) are
derived from fragments of igneous and metamorphic rocks.
Probably nine-tenths of the sedimentary rocks are derived
from granite alone, the remainder from the igneous rocks,
such as porphyry, basalt, etc. By describing the parent
rock, the derivative one is more easily made out.

ROCK MAKING MINERALS.

Crystalline rocks are made up of certain distinct minerals,
most of them of quartz, feldspar and mica with sometimes
also hornblende and augite. Other minerals may locally
occur as occasional elements.

QUARTZ scarcely needs description being so well known.

The hexagonal prism of this crystal is too hard to be
scratched with a knife and will scratch glass. This dis-
tinguishes it from calcspar and barite, for which it might be
mistaken in the field, moreover it will not effervesce with
acids.

THE FELDSPARS are nearly as hard as quartz. Their colors
are white, greyish and flesh-color. They are rarely as trans-
parent as quartz, being generally opaque. Their form of
crystallization is different from quartz, and in a vein they
show one smooth face of their crystal, whilst the quartz is
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more like crushed loaf-sugar. In a porphyry the feldspar
<crystals are very distinct, and give a characteristic spotted
appearance to the rock. Two varieties of feldspar are char-
acteristic of the crystalline rocks, one called orthoclase or
common feldspar, a potash-feldspar, the other called oligo-
clase, a soda-lime-feldspar. The former is very characteris-
tic of granitic rocks as well as of igneous porphyries, the
latter is rather more characteristic of more recently erupted
igneous rocks, such as diorite, basalt, andesite, etc.

Orthoclase is generally in large crystals, oligoclase in
small. When the crystals are very small, it may take a mi-
croscopic examination to determine to which variety of
feldspars they may belong. The oligoclase and plagioclase
crystals in igneous rocks are commonly but little white dots.

o determine accurately, microscopic slides and chemical
tests must be made, but this is scarcely within the scope of
the prospector who wants to guess roughly at sight as to
the name and character of a rock.

Mica, both black and white, needs no description.

HorNBLENDE differs from mica in being of a duller lustre
and of a different form of crystallization as shown in the
plate. The color is a greenish-black; the greenish tintis
-distinct, when the crystal is struck by a hammer.

AUGITE or PYROXENE is scarcely distinguishable from
hornblende. In Colorado, augite is mainly confined to two
kinds of rock, basalt or dolerite and andesite, both of compara-
tively recent volcanic origin. Hornblende and mica are
common to nearly all the metamorphic and igneous rocks.

TALC amongst miners means as)most any soft, sticky, or
slippery, decomposed rock, but strictly, talc is g pale
_green, soft mineral like mica and is a silicate of magnesia.
Steatite or soapstone is massive talc. Miners often wrongly
call any soft clay or rock, soapstone also.

CHLORITE is another magnesian mineral, of a green and
soft character. Chlorite is again a name given to almost
any greenish rock of a schistose and soft decomposed char-
-acter.

CALCITE is carbonate of lime crystal, the element of lime-
stgcxlle, and is distinguished by softness and effervescing in
-acids.

DOLOMITE or carbonate of lime and magnesia is very like
-calcite and is the element of dolomitic or magnesian lime-
stone. Dolomite effervesces with much greater difficulty
than true limestone. To effervesce,the dolomite should be
powdered, and the acid heated.
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GYPSUM or sulphate of lime can be distin%uished by its
extreme softness, being scratched by the finger nail; it
does not effervesce like lime.

s BARITE or “heavy spar” oc-
= 1 curs in some veins, but not as
a constituent of rocks. It
looks like calcspar, but is
heavier and will not effervesce
with acids.

FLUOR-SPAR occasionally oc~
curs in veins, in cubes or mas-
sive. It is easily scratched
with a knife; its colors are
green, purple, yellow, blue or

white.

GARNETS, GREEN EPIDOTE,
BLACK TOURMALINE,and other
minerals or gems may occur,
but not as important consti-
tuents of the rocks.

4 5 =7 CRYSTALLINE METAMORPHIC
- ROCKS,

= GRANITE.—Beginning with

the granitic series of the

Archxan age, granite proper

is massive, shapeless, or amor-

PraTe XVIIL phous and shows no bedding

1. Tyiclinic Oligoclase Feldspar, 2. plan‘?s or Pther signs of former
?:Iﬂsﬁi;i,lc‘w?nrstli‘geclgsseafeldsrﬁt & stratification. It isthoroughly
or Pyroxene, 5 and 6 Il;or;lbi‘e'nde.g CryStanln.e I like _lump-sugar.
By some it is considered a true

igneous rock, one that has been thoroughly fused by heat,
as much as the lavas or molten iron; by others its crystalline
amorphous condition is supposed to be the result of extreme
metamorphism of originally sedimentary bedded rocks, such
as gneiss or schist, the two latter being sometimes traced
‘down through a gradual change into granite. The composi-
tion of granite is mica, quartz and feldspar with sometimes
a little hornblende. The micas may be white mica (mus-
covite), or black mica (biotite). Both orthoclase and oligo-
clase feldspar may be present, but more commonly the
former, which is often a pinkish flesh color. Granite, in its
crystalline texture, differs both in character and appearance
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from porphyries and other igneous rocks, in the fact that
its crystals are all jumbled up and crushed to§ether like
loaf-sugar, and none of the crystals are set like plums
in a pudding, distinctly in a backing or paste of very small
crystals of amorphous or glassy material, as in the por-
phyries or igneous rocks. Granite is probably the oldest
and deepest rock known. It is often traversed by sparry
veins, both great and small, which consists of quartz or
feldspar or both, in a more sparry condition than when
diffused through the parent rock.

These so-called “quartz veins” are often called ““granu-
lite” or “ pegmatite ” or “graphic granite.” The quartz and
feldspar are often arranged in parallel plates, giving on

i

GRANITE PeomaTiTe SveEnITE
PrLaTE XIX. PraTe XX, Prate XXI.

cross-section curious marks like Hebrew characters, hence
the word graphic. The bulk of our so-called quartz fissure
veins in the granite mountains may be called pegmatitic
veins. The colors of granite vary from reddish to gray, or
nearly white to black, according to the preponderance and
colors of the micas and feldspars in them,
SYENITE is little more
than granite in which
hornblende supplies the
place of mica.
e GNEISS may be called
o “bedded granite,” show-
20N ing a bedded appearance.
BNEes Gn(;eiss is o]ften curi%usly
an rettily banded or
A streal?ed by)geamsofmica A
dove-tailing into each other. If mica preponderates, it is
called “mica-gneiss,” if hornblende “ hornblendic gneiss.”
SCHIST may be called laminated-gneiss or granite, being fin-
ally divided into lamina or leaves. This foliated structure is
due to the arrangement of the flat-lying crystals of mica or
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hornblende largely composing it. It may be a mica-schist
or a hornblende-schist.

SLATE is shale altered by heat into a hard crystalline
structure.

QUARTZITE was originally a sandstone composed of quartz
grains, which by heat have been partially fused together
at the edges, resembling granules of tapioca in a tapioca
pudding. %uartzite differs from quartz in being a rock
made out of pieces of quartz, and not the original mineral
itself. Quartzite may be white like sugar, grey, brown, or
rusty. It shows a true stratified structure.

MARBLE is limestone similarly changed to a more crystal-
line condition.

SERPENTINE is a green magnesian rock, sometimes found
with marble and igneous rocks and is formed by alteration
of certain minerals in the latter. :

CRYSTALLINE IGNEOUS OR ERUPTIVE ROCKS.

These are rocks which are supposed to have been
thoroughly fused or melted in the bowels of the earth.
Some reach the surface by fissures or volcanic vents, others
have never attained to the surface or overflown it, but
have intruded themselves between the weak places in the
underlying strata, or have collected and cooled deep down
below the surface in great molten reservoirs called “lac-
colites” or lakes of stone. When these have been subse-
quently uncovered by erosion, they may present the forms
of considerable mountain masses, like the Elk Mountains,
and Henry Mountains and Spanish Peaks. Geologists
distinguish those rocks which have poured out on the
surface from craters and volcanic vents as volcanic rocks,
whilst those cooling below are called Plutonic.

INTRUSIVE PLUTONIC ROCKS,

The component minerals of these intrusive Plutonic rocks,
such as are commonly called porphyries, are principally
quartz and feldspar, with mica.or hornblende. In color these
rocks are some shade of grey, green or maroon, or even white,
but their most striking characteristic is a general spozfed ap-

earance. Thisarises from more or less large, distinct, perfect-
y formed crystals of feldspar or quartz, set in a finer grained
crystalline paste or background, standing out distinctly
from it. This base or background may be comparatively
coarsely crystalline, finely crystalline, or so finely crystal-
line, that the crystals can be discovered only by a micro-
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scope, whilst the larger crystals seem set in the paste, like
plums in a pudding. In the depths of a mine the por-
phyry is commonly much decomposed by water action or
mineral solutions, and even passes into a clay or gouge.
The characteristic spotty appearance, from the presence of
individual crystals of feldspar may even
then identify the rock, or by chemical
analysis the very aluminous character of
the decomposed rock may determine its
character. When feldspar is the main
constituent, it is called a felsite porphyry,
when a certain amount of quartz is present  §
a quartz porphyry. QUARTZITE(ParTMAoNIFIED)
IORITE, whose crystals are sometimes py g XXIV.
porphyritic in character, hence called por-
phyritic diorite or porphyrite, belongs also to this intrusive
or Plutonian class, differing only from the others in the fact
that its feldspar is of the triclinic plagio-
clase kind rather than orthoclase. Horn-
blende is a prominent constituent of this
rock, and gives it, more or less, its dark,
olive green tint. In appearance it re-
sembles a dark syenite, but its occurrence
D as an eruptive, intrusive rock distinguishes
PorewymiTicDioniTe  it, @S syenite is generally a metamorphic
(FoRrHYRITE) rock. The peaks of the Elk Mountains
PLATE XXV. are, many of them, of diorite. Diorite or
porphyrite is the so-called porphyry of
Aspen, above the ore deposits.

QUARTZ PORPHYRIES,

These are the commonest, and may be said to be the
prevailing eruptive rocks associated with
our ore deposits in Colorado, as for instance
at Leadville, felsite porphyries as well as
quartz porphyries occur in the granite
rocks in the Central and Georgetown min-
ing districts. All these rocks are common
through the West, and quartz porphyries
are the most common eruptive rocks the
prospector is likely to meet with in his
search for ore deposits. We will describe PLATE XXVI.
in detail one or two typical species, though
it must be observed that these porphyries are of endless
varieties and shades of appearance.
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QUARTZ PORPHYRY.—A quartz porphyry is a porphyry
that contains quartz crystals, large or small, in addition
usually to large orthoclase feldspar crystals, generally of a
vitreous glassy variety called “sanidin,”
together with small crystals of hornblende
or mica. As a typical example we take
that which forms the dyke composing the

eak of Mt. Lincoln, Colorado, called Mt.

incoln quartz porphyry. This porphyry
and varieties of it are common in the
western mining sections of Colorado. %

In appearance it is a gray rock spotted  M*lncow QuarTz
with large and smallcrysta?’s of orthoclase
sanidin feldspar, which sometimes show PLATEXXVIIL
an oblong face two inches long, by an
inch wide, at other times a shape like the gable end of a
house, according to whichever part of the crystal happens
to be exposed. Sometimes two crystals are seen locked
together, forming what are called
Carlsbad twins. hen the rock is de-
composed, these crystals not unfre-
quently drop out and lie as pebbles on
the ground. With these may be also
seen rounded ends of bluish crystals
like broken glass. These are portions

SOl of perfect quartz crystals, which when
peeoudimed extracted show a six-sided pyramid at
either end. These larger crystals are
Prate XXVIIL. set in a crystalline ground mass of

much smaller crystals of the same kind,
together with many little black cubes of shining mica, or
duller lustred, longer, rectangular, oblong crystals of horn-
blende. This porthry is eruptive and intrusive, occurring
in dykes, intrusive sheets and laccolites.

~

LEADVILLE WHITE PORPHYRY.— " s
At Leadville there is a quartz por- O
phyrg known as the Leadville white i:q'a o
porphyry or “block porphyry ” by the Y 8
miners, which needs description as it ¥
isthe one that more especially is asso- Bt
ciated with the rich ore deposits. It HonveLenoeAvsTeMiCA,

is a white, compact, homogeneous MAGNE TITE, GARNET.
looking rock, not unlike a shaly white PLATE XXIX.
sandstone or quartzite. It consists

of feldspar, quartz. and a little mica. Its porphyritic or
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spotted character is so indistinct that one would be inclined
to call it a felsite at sight rather than a true porphyry, but
the microscope reveals perfect double pyramids of quartz
and individual crystals of feldspar set in a paste of the
same minerals. It is often stained by concentric rings of
iron oxide and marked with wonderful imitations of trees.
The latter have earned for it the title of “ photographic
rock ” or “dendritic porphyry.” These markings are only
the crystallization forms of oxide of iron or manganese,
something like fern-frost on a window-pane. The porphyry
is very shaly, and breaks up in thin slabs; hence called also
“block porphyry.” It is common at Leadville and is also
found elsewhere. In the same region there are many other
varieties of quartz gorphyry such as the “gray porphyry,”
the Sacramento, and the pyritiferous porphyry. The latter
is often gold bearing.

YOUNGER EFFUSIVE VOLCANIC ROCKS,

These intrusive plutonic porphyries and diorites are
generally older than the other class which reached the sur-
face and poured over it and which may be called for distinc-
tion ““efusive” volcanic rocks.

Typical of these we may cite the dark basaltsand dolerites
that often cap the table lands of the prairie
region and overlie our coal beds. A pink-
ish or dove-colored rhyolite also caps some
of the mesas and in certain districts an
andesite lava.

DOLERITE AND BasaLt.—The latter be-
ing scarcely more than a fine grained
variety of the former, are very dark rocks,
consisting of dark, heavy minerals, such as
augite, magnetite and a plagioclase feldspar
called labradorite. Such minerals are said PLATE XXX.
to be basic, and the rock composing them
also basic.

ANDESITE is very like dolerite, though generally a lighter
gray or pink. Both augite and hornblende may occur in
it, more especially hornblende, sometimes mica also. The
feldspar is called andesite feldspar from the Andes Moun-
tains.

RHYOLITE, under the microscope, shows a peculiar flow-
ing structure, hence its name from “rheo” to flow. The
lighter rocks in Colorado and the West are generally rhyo-
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lites rather than true trachytes. Their colors are pale gray,
white, pink or sometimes dark.

Rhyolite consists of a fluent, vitreous, ground mass or
paste, usually containing crystals of sanidin feldspar, or
even of quartz. When these crystals are conspicuous so as
to give the rocks a porphyritic appearance it is called
“liparite.”

In some cases it may have even a granite-like appearance,
the crystals of quartz, mica and feldspar being more or less
intermixed; then it is called Nevadite. It is an acidic rock
consisting of acid minerals mainly.

TRACHYTE, from “ trachus” rough, is a light colored rock,
with a peculiar characteristic rough feel, due to microscopic
vesicularity. It consists of a ground ingss of sanidin feld-

ANYBOALGIDAL SCORIA ANDESITICBREGGIA
PLATE XXXI. Prate XXXII.

spar and augite, containing crystals of the latter. In ninety-
nine cases out of a hundred in Colorado at least, also in the
West, rocks which are popularly called “ trachytes ” are rhy-
olites or porphyries.

BAsALTs and some of the other extrusive volcanic rocks
assume a columnar form on cooling. Also, on the surface
of the flow, the lava becomes minutely honey-combed like
sponge, from escape of steam. This is called scoria and
when these holes are filled with almond-shaped white crys-
tals, amygdaloid. At other times the rock is a volcanic
breccia ; that is, angular blocks of lava, great or small, are
cemented together by lava. This probably was caused when
the lava was pouring out of the fissure slowly, some por-
tions congealed and were broken up by the onward flow,
and again involved in the molten mass without being re-
melted. Enormous masses of volcanic breccia cover the
San Juan region. Sometimes, by steam, the lava is blown
into dust and descending with water, is worked up into a
volcanic sandstone known as volcanic “tufa” or “tuff.”

OBSIDIAN is vitrified lava or volcanic glass. ‘
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CEIMPAREIRSEVS
THE PROSPECTOR’S MINERALOGY.

There are two classes of minerals in which the prospector
is interested, one may be called the “earthy” minerals,
such as quartz, calcspar, etc., associated with the precious
ores; the other, the metallic minerals constituting the ores
themselves.

Both of these he wants to know at sight, or to determine
with the simplest appliances. Generally speaking, his eye-
sight, his pocket-knife, his ore-glass and a little acid, will be
all he needs, nor need he concern himself about a great
number of minerals, if he only knows the commoner ones
well. The earthy minerals form the gangue or veinstone of
the vein in which the precious ores are distributed.

EARTHY GANGUE MINERALS.

These are principally quartz, calcite, or limespar, dolo-
mite, fluorspar and baryta, all of which we have already des-
cribed among rock-forming minerals. These crystals are
nearly always to be found in the adjacent rock as elements
of that rock, and their more sparry condition in the gangue
of the vein is derived by solution from the enclosing country
rock. Thus, a vein running through granite, will contain
mainly quartz, though calcite and fluorspar may be asso-
ciated with it in small quantities. A vein passing through
limestone naturally carries calcite or limespar. Sometimes
baryta is associated with the calcite, especially if near the
limestone ore deposit there are porphyries.

Baryta has been detected as an element of some por-
phyries which are probably ore-bearing, and when prospect-
ing, we have found baryta to be generally an indication of
ore near by, whilst calcspar, or quartz, alone, may or may
not be barren. The float, or loose surface indications of
ore-deposits at Aspen is commonly made up of calcspar
and baryta. 3

FLUORSPAR in Colorado is generally confined to veins in
the granitic rocks and in some of the eruptive rocks. Its
presence is a good sign of ore.

OXIDES OF IRON AND MANGANESE.—These, often mixed
together, form a large element in the gangue matter of a
vein -or ore deposit. Manganese can be recognized by its
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dark black color. A beautiful rose-colored carbonate-of-
maganese called RHODOCROSITE is occasionally met with,
associated with quartz and metal in some veins.

CARBONATE-OF-COPPER is of-
ten associated with this gangue
matter. It is readily distin-
guished by its bright green or
azure blue color. “Float” is
commonly rusty with iron-oxide
streaked with stains of copper-
carbonate.

SPATHIC IRON OR IRON CAR-
BONATE OR SIDERITE occurs
here and there in the gangue of

Prate XXXIII. fissure veins. It is very like

Spathic Iron. brown feldspar but heavier.

These few common minerals

cover nearly all that are generally met with as indications
of, or in important connection with, ore deposits.

As a rule most of these minerals occur in a massive state
rather than as individual crystals in a vein.

METALLIFEROUS MINERALS.

Through these gangues of various characters, the pre-
cious metals are distributed in long, narrow patches or
strings, or in large crystalline masses, or in scattered
crystals, or in decomposed masses. The gangue matter is
generally in the majority in a vein, and the ore thinly,
sparingly, and irregularly, distributed in it. When a vein is
said to be ten or more feet wide, it is not to be supposed,
that ten feet of solid ore is meant, but that this is the
width of the gangue between walls. The ore body may be
only a few inches wide. The streak or main body of ore
called the “pay streak ” has a tendency to keep near one
wall or the other, or at times to cross from wall to wall,

HIGH AND LOW GRADE ORES.

In gold veins, flakes or wires of “free ” or “native " gold
occur in the decomposed gangue; and sometimes in the
pure undecomposed quartz, “native” silver is found in
much the same way, but more as specimens than as con-
tinuous bodies. Isolated patches of rare, or valuable miner-
als, such as Ruby silver, Horn silver, Silver glance, etc,
occur locally in parts of the vein, sometimes coating stalac-
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tites or crystals of a “vugh” or cavity lined with quartz or
other crystals. An assay from such picked

specimens would give a very unfair aver-

age of a mine or prospect.

The bulk of the profits of a mine come

from the commoner minerals such as gal-

‘ena, pyrite, or lead-carbonate, and from the

average grade of the mine. In California

:gold mines, the average yield of gold per

for is $16,. In Dakola 8. In ths. silver. Prass Badal:
lead mines of Leadville, $10 per ton is the s
average, and the ores are mostly low grade. A few mines
of extraordinary high grade may yield from $75 to $100 per
~ ton, but these are exceptional. ~ Quantity of ore, facility for
milling, cost of freight, the size of the vein, and its facility
for working and nearness to market give the offset.

DECOMPOSED MINERALS.

Sometimes the gangue matter contains a variety of de-
composed ore in rich secondary combination intimately
mixed through its mass and rarely discernible by the eye.
Thus yellow mud from a mine may assay high, from the
presence of invisible chlorides or sulphurets of silver. No
:accurate estimate of the value of a mine, or even of a piece
of ore, can be found, without an assay o<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>