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PREFACE TO THE SECOND EDITION.

This second edition is the result partly of the success
of the first, but mainly of a desire felt by the author to
bring his subject up to date. It is now over ten years
since the earlier edition was written, and the science of
geology, the development of mines and the rapid discov-
eries of new regions have advanced at such a pace that
what then appeared as new is now commonplace. An
example is the discovery and development of Cripple
Creek, a district then in its infancy, receiving but scant
attention in the original work. The same has been the
case with many other mining camps, in Colorado and
elsewhere.

It has been the writer’s object to illustrate the prin-
ciples of mining geology rather than to dilate on
any particular rich or noted mine. If a small mine illus-
trates some important geological or .other interesting
feature in the science of mining, attention is given to
that mine rather than to its more noted neighbor. Pref-
erence is given to Colorado’s mines because the writer is
more familiar with them, and they well illustrate the
leading principles. Those outside of Colorado are se-
lected and described as enlarging on principles previ-
ously discussed. ‘

The first part of the book relates to general features
of mining geology. This is followed by illustrations of
these, drawn from Colorado mining camps, and by a
further illustration and confirmation of them from some
of the noted mining camps of the Western States. To



illustrate the state or territory mentioned, some charac-
teristic mine or mining region has been selected.

The author acknowledges his indebtedness to the
United States Geological Survey; to the works of Messrs.
Kemp, Van Hise, Stretch and other writers on ore de-
posits; and, in the revision and preparation of this edi-
tion for the press, to Mr. Gerald R. McDowell, of Denver,
and Dr. Regis Chauvenet, late president of the Colorado
School of -Mines; also, to Mines and Minerals, of Scran-
ton, Pennsylvania, for the loan of plates and for other
courtesies.



CHAPTER .

GENERAL GEOLOGY.

Without going into the speculative origin of this
earth from a nebular mist and a condensing magma, we
will take the rocks associated with ore deposits as we
actually find them in Colorado and the Western States.

ARCHEAN GRANITIC BERIES.

The first and most ancient rock series, which
underlies all others, and may be called the bedrock
of the world, is the granitic. This is commonly assumed
to be of Archean age, or to have been formed and up-
heaved in the earliest period of the world’s existence of
which we have any cognizance. This is doubtless true
in the majority of cases, but there is evidence that some
granites, such as those of Pike’s Peak and the Cripple
Creek region, were upheaved or erupted at a later date.

The origin of the granitic series has long been a mat-
ter of interesting speculation. By some it was supposed
to represent a metamorphic condition of aqueous sedi-
ments, originally stratified; and the term metamorphic
granite was applied to some granites in distinction from
others of apparently true eruptive origin. Massive amor-
phous granite was assumed to represent a stage of ultra-
metamorphism which had obliterated all bedding and
other signs of sedimentary origin, while the bedded
gneisses and laminated schists were supposed to repre-
sent or retain some evidence of former sedimentary
structure. The consensus of modern geology favors the
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view that the whole series, with the exception perhaps
of the Algonkian quartzites and schists, is of true igneous
or Aqueo-igneous origin, and that the rude bedded appear-
ance and laminated structure is due to mechanical shear-
age stresses and other dynamical movements after the
granitic rocks were consolidated.

Assuming the general igneous origin and character
of the granitic series, the rocks differ but little from the
undoubted igneous rocks known as porphyries. We do
not, however, commonly find granite intruding into and
spread out between the planes of stratification of the
later true sedimentary rocks, as is the case with the por-
phyries, diorites, etc., or poured out on the surface of the
country, as seen in the more modern lava flows of rhyo-
Jite, andesite and basalt. Granite seems to keep its place
geologically below all other rocks. When we find its
peaks towering above the low lying sedimentaries, it is
because it has been upheaved through them, or the latter
have been removed by great erosion.

Within the interior structure or mass of the granite
itself may be found later eruptive granites, as the fine
grained aplitic granite and the granite dikes in the
Cripple Creek region cutting through the older Pike’s
Peak coarse granite. Again, there are irregular masses
of a granitic type within the granitic complex, commonly
called pegmatites—granite in a much coarser crystalline
condition, and containing less mica than the normal
granite. These masses sometimes occur in very irregular
forms, at times as dikes, at others like veins. It is often
a question whether to consider these as true eruptive
dikes or as zones formed by an excess of steam and min-
eralizing agencies.
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Many of these pegmatitic forms, consisting of quartz

mining districts in a granitic region, e, in Gil-
pin, Clear Creek and Boulder Cgunti
ore-bearing veins may occur a
in the granite, or they may,
and a true eruptive rock flife’ porphyry, or the granite
itgelf at the lin c ct may be so decomposed and
impregnated as to practically constitute the ore
zone, as in the I ep'endence mine at Cripple Creek.

s

FIG. 1.—SHEAR ZONE AND FAULT, CRIPPLE CREEK.

dent veins wholly
ontact between granite

A not uncommon repository for ore in granite is in
shearage zones, that is, where the granite by dynamic
shearage stresses or strains has been split into a zone
of parallel cracks, more or less close, as at the Gold Coin
Mine, of Victor, Colorado. Mineral bearing solutions
enter these weak places, decompose the zone, silicify it,
and deposit ore matter. The alteration and silicifying
may progress so far as to obliterate all the partitions of
the country rock, and reduce the whole, or a greater part
of the sheared zome, to one wide so-called quartz vein.
It is probable that many of our wide quartz veins in
granitic rocks so originated.

In the bedded gneisses and laminated schists of the
granitic series, veins may follow entirely the bedding or
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laminated planes. After following such planes for a
while, they may cut across them, either at a right angle
or obliquely. (Fig. 3.) In the case of the schists, if

FIG. 2.—ORE IN SHEARAGE ZONE.

the veins follow the lamination planes, owing to the cor-
rugations common to the schists, they are likely to occur

FIG. 3.—FISSURE VEIN, PARTLY CONFORMING TO STRATIFI-
CATION PLANE, PARTLY DEVIATING FROM IT.

in a series of quartz lenses, and may prove more pockety

and less continuous than if they had cut across the
lamination.

FIG. 4—ILLUSTRATING LENTICULAR STRUCTURE.



GEOLOGY OF WESTERN ORE DEPOSITS. 9

Schists, again, are not infrequently impregnated with
ores of decomposed former mineralized zones or fahl

FIG. 5.—ILLUSTRATING FORMATION OF QUARTZ LENSES IN
] SCHISTS. '

bands. This often occurs with copper solutions. Such
zones may or may not be profitable to work.

FIG. 6.—QUARTZ LENSES IN CONTORTED SCHISTS.

THE ALGONKIAN SERIES.

A series of metamorphosed quartzites, conglomera\tes,
conglomeratic gneisses, schists and slates are found in
Colorado and various parts of the West flanking the
Archean granite complex conformably, or unconform-
ably, and sometimes, as at Cripple Creek, within the
granite complex itself, where they have been caught up
by later erupted granite. The normal geological position
of this series is between the granite complex and the over-
lyving Cambrian sedimentary quartzites, hence they are
sometimes called Pre-Cambrian rocks.

In Colorado patches of these are found in Coal Creek,
South Boulder Cafion, in the Gunnison region, near Sa-
lida, and between Ironton and Ouray, in the San Juan
region, along the Mears road. Along the Pacific coast
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and in British Columbia they occupy a wide and long
area. As ore-bearing rocks the same remarks apply to
them as to the older granitic series. They are liable to be

FIG. 7.—IDEAL SECTION OF THE FOOTHILLS OF THE ROCKY
MOUNTAINS. :

penetrated by igneous dikes and pegmatitic veins, and
under similar conditions are as likely to carry ore as the
older series. These rocks, although of a somewhat gran-
itic character, appear to be genuine metamorphosed sedi-
ments, younger than the Arch@an granite complex, but
older than the Cambrian.

CAMBRIAN.

‘

Lying unconformably upon the eroded edges of both
the Algonkian and granitic complex are the Cambrian
rocks. Along the foothills these sedimentary formations
consist of conglomerates and sandstones, and in the heart
of the ranges they are conglomeratic quartzites and vitre-
ous white quartzites banded with iron oxides. In Colo-
rado the Cambrian series rarely extends beyond two hun-
dred feet in thickness, but in Montana and other regions
it greatly exceeds this. The Cambrian rocks are not gen-
erally productive of ores, nor are thay favorable for min-
ing, because of their excessive hardness. On Battle Moun-
tain, near Red Cliff, Colorado, rich gold ore deposits,
doubtless due to the proximity of eruptive rocks, occur
in cavernous pockets. Tn Buckskin Cafion, South Park,
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the quartzites are locally impregnated with auriferous
pyrite in proximity to an igneous sheet. Some ore de-
posits similarly situated were in former times profitably
worked near Leadville.

The celebrated Homestake Mine, of the Black Hills,
South Dakota, derives part of its gold ore from an im-
pregnation of the Cambrian conglomerates, which were
laid down as shores or beaches by the waves of the Cam-
brian Sea beating against the Archaan granite.

SILURIAN.

The Cambrian is succeeded above by the Silurian,
consisting of thin bedded drab or light colored cherty,
dolomitic limestones, locally known as white limestone or
“ghort lime.” This formation, usually not over two
hundred and fifty feet thick, may carry some ore bodies
in connection with intrusive sheets of porphyry, but is
not so great a recipient of ore as the Carboniferous blue
limestone above. '

The Silurian series is separated from the Carbonifer-
ous in Colorado by a persistent bed of white quartzite
about forty feet thick, known as the pariing quartzite. It
is in this zone that the Devonian properly belongs, but,
with a few exceptions, the rocks of this period are not
represented in the Rocky Mountains of Colorado. The
exceptions are found in the Animas Cafion, in the south-
ern part of the San Juan region, where Devonian fossils
have been recognized in certain limestones and quartz-
ites. At Eureka, Nevada, and in the Bisbee district,
Arizona, there are Devonian limestones and sandstones
in which are some important mines.
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CARBONIFEROUS.

Resting upon the parting quartzites are the heavily
bedded limestones of the Lower Carboniferous, from one
hundred to two hundred feet thick. These rocks may be
either a dolomite, as at Leadville, or in part a dolomite
and -in part a true limestone, as at Aspen. The prevail-
ing color is a bluish gray, hence they are locally known
as “Blue limestones.” (See Fig. 9.)

This Lower Carboniferous is attested to by the occur-
rence of fossil shells, spirifers and corals. Round nodules
of black chalcedonic cherts are found, while those in the
Silurian dolomites are usually white.

These cavernous, soluble limestones have been the
main recipients of ore, both at Leadville and Aspen, and
in some other parts of the Rocky Mountains, when asso-
ciated with intrusive sheets and dikes of porphyry. The
solubility and jointed character of the rock make these
limestones especially adapted for the reception of ore
solutions and the deposit of ore by metasomatic replace-
ment.

Above the Lower Carboniferous limestone is a very
thick series, aggregating two thousand feet or more, in
Colorado, of shales, quartzitic conglomerates or grits, and
a few thin beds of limestone. This series is known as the
Weber grit series, from the Weber Cafion, Utah, where
the formation attains an extraordinary thickness, and
represents in the West the Middle Carboniferous. In
some of the black carbonaceous shales, fossil impressions
of Carboniferous plants like those of the Eastern States
occur, and some thin seams of true Carboniferous coal.
The Weber grits are not remarkable for ore deposits in
Colorado, except where they have been intensely intruded
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into by sheets of porphyry, as in the Ten Mile region at
Kokomo. ’

The “Grits” grade into some coarse maroon sand-
stones and conglomerates of the Upper Carboniferous,
and these into a local transition series of shales and thin
limestones, in which the writer discovered near Fairplay,
South Park, some fossil insects and leaves recognized as
of Permian or Permo-Carboniferous age.

JURA-TRIAS.

These beds are quickly followed by the brick-red con-
glomerates and sandstones of the Triassic—a series usu-
ally over a thousand feet thick, and well represented
along the eastern foothills of the range, at the Garden
of the Gods, in South Park, at Aspen, and in several
other localities. From their prevailing color they are
locally known as “Red Beds.” They contain no fossils
and few ore bodies, though they are often locally impreg-
nated with copper stains. '

The Jurassic into which they grade is composed of
softer sediments, such as variegated marls, sandstones
and some thin beds of limestone. In Colorado only local
deposits of ore occur in these, but in California, where
they are highly metamorphosed and folded, ore deposits
are numerous. In Utah the celebrated Silver Reef sand-
stone belongs to this Jura-Trias period.

CRETACEOUS.

The deposits of this age attain usually a great thick-
ness, aggregating many thousands of feet, and are divided
into four groups. '

The Dakota at the base, next the Colorado, then the
Montana, and lastly the Laramie.
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The Dakota group is characterized by heavy bedded
quartzitic sandstone. Near Ouray, in the San Juan re-
gion, these sandstones, metamorphosed into quartzite,
carry the rich cavernous deposits of the Ouray gold belt.
These quartzites are associated with eruptive sheets and
dikes of igneous rock.

The Colorado and Montana group consist of shales
and limestones. On Treasury Mountain, in the Gun-
nison region, these shales are metamorphosed by the
intrusion of eruptive rocks into roofing slates, and carry
local deposits of silver-lead ores.

The Laramie sandstones are more noted for coal than
for ore deposits. The rocks of this period contain locally
both coal and oil, but in the unaltered strata few or no
metallic ores of importance.

TERTIARY.

The Tertiary fresh water sedimentary deposits of
sandstones and shales, usually forming great plateaux of
nearly horizontal strata, like the Book Cliffs of Western
Colorado, are not remarkable ore-carriers, unless, as in
the Coast Range of California, they, together with the
Cretaceous rocks, have been intensely folded, metamor-
phosed and penetrated by igneous rocks, under which
conditions any kind of rock of any age may be productive
of ore.

Although the sedimentary rocks of this geological age
are usually barren, the igneous rocks which were poured
forth or erupted have been especially ore generating or
depositing. The rocks of the Cripple Creek volcano, and
the great lava overflows and dikes of the San Juan region,
are noteworthy examples. The ore deposits in these igne-
ous rocks may be either in quartz fissures, or the sheets
and dikes may themselves be impregnated.
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QUATERNARY.

These are the fresh water deposits by ancient lakes
and streams or glaciers, and are irregularly distributed
over all the other formations.

FIG. 10.—ANCIENT GOLD-BEARING RIVER BEDS, TABLE
MOUNTAIN, CALIFORNIA.

The gravel and boulder deposits of ancient rivers in
California occasionally attain a thickness of nearly a
thousand feet, and in these, sometimes overlaid by lava,
are the celebrated gold placers of that region, elsewhere
described. ‘

In Colorado the surface drift is comparatively shal-
low, rarely exceeding fifty or sixty feet. It is usually
found thickest along the banks of the streams flowing
through the mountain cafions, or parks, and yields the
Colorado placers, as at Fairplay, Breckenridge, South
Park, in the Arkansas Valley near Leadville, and in vari-
ous other parts of the State.

Throughout Western America the most of the placer
beds may be attributed to the streams, lakes and glaciers
of the Quaternary period; a few to the more recent rivers,
and some to the waves of the present ocean.

Although local elevation of the neighboring moun-
tains may tilt them a few degrees, these deposits are
usually horizontal.

For local illustration of the geological periods, as
seen in the rocks of Colorado, we may follow the course
of any one of our principal streams from its source on the
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mountain tops down its tortuous cafion till through the
foot hills it debouches on the prairie. For some forty or
fifty miles the cafion is through granitic rock. The crystal-
line character of the granite suggests the aqueo-igneous
heat to which it has been subjected. Lamination in the
schists and signs of bedding in the gneisses are observed.
Evidence is shown of intense folding, crumpling, and
in the case of schists of intricate puckering and corru
gation, implying lateral tangential pressure, such as would
result from regional contraction. These granitic rocks
were crumpled up into the Colorado front range island
above the P’aleozoic sea and formed for ages the shore
line of seas depositing horizontally the different strata
of the Paleozoic and Mesozoic eras. At the close of the
Cretaceous or Mesozoic era this was further crumpled up-
ward from an island reef into a mountain range, rising
from 10,000 to 14,000 feet above the sea level. This
movement must have added new crumples and foldings
to the already puckered strata. Heat, due to various
causes, partially melted, made plastic and fluid some of
the material, which ran into and filled the fissures caused
by the uplift. Such were the dikes of eruptive granite
and pegmatite found here and there in the granitic com-
plex, as well as molten material from more deep seated
sources known as dikes of so-called porphyry or true
igneous rocks.

As we emerge from the granite we encounter as we
go down the creek, through the foot hills and out on to
the prairie, the upturned beds of the various geological
periods, commonly resting at steep angles against the
flanks of the granite in their geological sequence and
order. (See Fig 12, Appendix.)
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First come beds of sandstone and limestone, con-
taining a few fossil shells, corals and crustacea, represent-
ing the Cambrian and Silurian periods. Next are beds
with heavy limestone at the base and coarse sandstone
and shale above. In the latter some traces of coal and
carboniferous plants mark its age.

Upon this follows a great thickness of coarse conglom-
erate sandstones, variegated clays, and some limestones
of the Jura-trias. The prevailing color has given these
the local name of the “Red Beds.”

A prominent rampart like ridge or “hogback” next
appears capping the soft variegated shales and marls of
the upper Jurassic. This is formed of yellow sandstone.
It lies at the base of the Cretaceous system in Colorado,
and is known as the Dakota group, or Cretaceous No. 1.
After passing this “hogback” we generally find an undu-
lating, grassy valley underlaid principally by soft unc-
tuous shales with a few outcrops of limestone. This is
the Cretaceous of the Colorado and Montana groups. The
next prominent bed of buff sandstone shows fossil remains
of sea weed and sea shells. It belongs to the uppermost
subgroup of the Montana, known as the Foxhills. But
a few feet above this we pass into the sandstones and
shales of the Laramie group of the Cretaceous, abounding
in impressions of fossil land vegetation, and containing
numerous beds of valuable coal. i

A few scattered table mountains of coarse sandstone
and shales containing numerous fossil leaf impressions,
and occasional thin seams of lignite, usually capped by
some variety of surface flowing lava, represent our Ter-
tiary on the east side of the front range. On the western
slope of the Rockies the Tertiary is developed on a much
grander scale, a8 in the Book Cliffs of Western Colorado,
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the great Green river and Fort Bridger plateaux in
Wyoming, and still farther west by part of the Uinta
plateau mountains.

‘ Finally, in Eastern Colorado, on top of all these
strata, scattered over “hogback,”’ valley and plain, we
find the drift or “wash” pebbles of all kinds of rocks,
distributed by the glaciers and floods of the Quatenary.

Since we left the granite shore line at the outlet of
the cafion we have passed through and observed not less
than 10,000 feet in thickness of the earth’s crust, com-
prising all the geological periods from the Cambrian to
the Quaternary and Recent. We have found the strata
of all these different periods and epochs upturned and
reclining against one another, like leaning rows of books,
to the top of the uppermost Cretaceous or Laramie group;
and after that the Tertiary strata lying flat, or at a
very slight angle. From this we conclude that the strata
of all these periods and epochs, accumulated by sea and
other waters, lay comparatively undisturbed and hori-
zontal until the close of the Cretaceous, when the granite
islands were elevated and assumed mountain forms. Since
that time. elevation, which is doubtless still going on,
appears to have been very gradual.

Such are the general geological features of the foot-
hills and the eastern slope of the Rocky mountains. YWhen
unaltered, unmetamorphosed, not penetrated by true ore-
bearing igneous rocks they are rarely productive of valu-
able ore deposits.

When, however, we enter the heart of our ranges into
a region like that of South Park, between the front
range and the Sawatch, we find its basin underlaid by
the same rocks of the same geological periods as in the
eastern foothills, but here the folding of rocks was more
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violent and intense, accompanied by great metamorphic
heat and numerous intrusions of igneous rocks. The
Cambrian and Carboniferous sandstones are changed into
hard vitreous quartzites, limestones in many instances
have passed into marble, and in the Gunnison region the
coal is transformed into anthracite. A region of
such physical characteristics is the natural habitat of
ore deposits, and it is here that they are found.

While the general form of the mountain area was
sketched out and determined in the earliest geological
limes, it is only since the Tertiary and, in great measure,
by erosion after the glacial epoch that the present sculp-
turing of the mountain forms with their ravines and
cafions has taken place.



CHAPTER 1L

LITHOLOGY.
IGNEOUS ROCKS.

These are the originals from which in one way or
another all the others have been directly or indirectly
derived. They occur in dikes, sheets, laccolites, bosses
and vast irregular bodies.

Dikes have come up through fissures in other rocks
and solidified in them.

Sheets may be either surface flows which may be
afterwards buried beneath sediments, or else forcibly in-
truded between other strata. If, in the latter case, they
are in very thick lenticular bodies tapering out on the
edges, they are called “laccolites.”

Rough tubular masses chilled in the conduit of a
volcano are called “necks.” Some large irregular masses
between dikes and laccolites are called “stocks.”

Irregular projecting rounded bodies are “bosses.”

Enormous masses of crystalline rocks, like granites,
that in some cases have fused their way upwards by
melting into overlying rocks, are called “bathylites.”

The character of the occurrence, whether as dike,
surface flow, intruded sheet or bathylite, has an impor-
tant influence on the texture.

As contrasted with the stratified sedimentaries, ig-
neous rocks are massive.

Distinctions have been made between those that have
crystallized deep within the earth—the DPlutonic, and
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those that have reached and been poured out on the sur-
face—the Volcanic. The terms intrusive and extrusive
or effusive have been similarly employed.

Structure and texture are important considerations,
as a massive structure against a stratified one, and a
glassy texture against a porphyritic or granitoid. The

1

FIG, 15,—BLACK HORNBLENDE AND FELDSPARS.

former is due to rapid, the latter to slow cooling under
" great pressure. In a magma the least fusible minerals,
the feldspars and quartz, are the last to crystallize.

In general, the glassy, felsitic and porphyritic tex-
tures pertain to the lavas, or surface flows, thé dikes
and laccolites, while the granitoid-textured rocks are the
deep-seated or abysmal ones. These variations may, how
ever, all shade into one another.

In determining an igneous rock, texture should first
be regarded; next the feldspars, as the latter are usually
more important than the black minerals; a consideration
that may sometimes help is the locality, certain regions
being specially characterized by particular classes of rock.
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A hand specimen by itself is not always determinable
until we know its mode of occurrence in the field.

Granite—The natural history, origin and ore-bearing

tendencies of the granitic series have already been dis-
cussed under the Archean and Algonkian periods.

FIG. 4.—GRANITE,

The common constituents of granite are mica, quartz
and orthoclase feldspar.

FIG. 13.—HORNBLENDE, AUGITE, MICA, MAGNETITE, GARNET.

If the dark mineral is black mica or biotite, it is called
biotite granite or granitite; if the white silvery mica
(muscovite) predominates, it is called muscovite gran-
itg, such often occurs in dike form, and usually with
coarse crystallization; if there is a mixture of biotite and

hornblende, it is called hornblende granite. The larger

orthoclase feldspars may be accompanied in less degree

by small lath- hke plagioclase crystals, if these predomx-\\
nate the rock is tending towards a diorite, and may be /

appropriately called granodiorite. The orthoclase crys-
tals may be pink, red, gray or opaque white. The rock is
called a red or a gray granite, mainly according to the

prevailing colors of the feldspars. A dark granite results
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from a preponderance of the dark silicates, biotite or
hornblende.
~  The texture of a granite, whether coarse or fine, is
due to the size of its component minerals. A coarse form
of granite occurring in dikes or veins, consisting mainly
of coarse crystals of feldspar and quartz with little or no
mica is called “pegmatite” or, sometimes, graphic granite.
when by a peculiar columnar arrangement of the quartz
and feldspar on cross section it resembles Hebrew char-
acter.

This pegmatite or graphic granite, is the form of gran-
ite often associated with ore deposits and locally known

FIG. 16.—PEGMATITE.

as “Quartz vein or reef.” Some fissure veins in granite
are filled by quartz alone and also carry ores. These
pegmatitic bodies, also called binary granites, may be from
a few inches to two or three hundred feet in width, and
may extend but a few feet, or may traverse the country
for thousands of feet. They may run parallel with the
bedding planes of the schist or gneiss, or may cut boldly
across them. Often there is no line of division between
these pegmatitic bodies and the adjacent granite into
the substance of which they gradually merge. In other
cases the line of demarcation is sharp, like that of a true
fissure vein or of an igneous dike. Kemp is doubtful
whether to consider these pegmatite masses in the light
of veins or of igneous dikes and intrusions. He says:
“It seems improbable that true igneous fusion could have
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afforded such coarsely crystalline aggregates. So we are
forced to assume such attendance of steam and other
vapors and mineralizers locally as to almost, if not quite,
imply solution.”

Our so-called quartz fissure veins, carrying the ores
are often more strictly a zone of alteration of the country
rock along the side or sides of a fissure, than true quartz
filled veins. i

Pegmatites are the common habitat for a number
of non-metalliferous minerals and gems, such as tourma-
line, garnets, beryls or epidote. It is in rock of this
kind, also associated with large crystals of spodumene and
white mica that the tin ores of Dakota are found; and in
other parts of the world pegmatite abounding in tour-
maline or schor] often accompanies tin.

Granites in which the feldspars are individualized and
distinctly set in a somewhat finer ground mass are called
porphyritic granites, and may merge into the class of
porphyries known as granite porphyries. It may be said
here that there is no particular kind of rock called “por-
phyry.” It is a term loosely used and applied by miners
to almost any kind of igneous or eruptive rock of a spotted
appearance, due usually to the presence of individual or
distinct crystals of feldspar. The term poryhyritic is the
more correct. Thus, there may be a porphyritic granite,
diorite, andesite, rhyolite, or dolerite. The term porphyry,
however, has been allowed to remain in this work on ac-
count of its long adoption by miners.

By decay or oxidation granites suffer first by the
oxidation of protoxide of iron in the ferro-magnesian
silicates, biotite and hornblende, forming a soft greenish
talcose substance, known as chlorite. The feldspars pass
into kaolin or china clay, the so-called miner’s “talc” or
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“gouge” of mineral veins. The insoluble quartz remains
or drops out as sand. At the Independence mine, in the
Cripple Creek region, the coarse granite at contact with
an ore bearing phonolite dike, has, by mineralizing solu-
tions, become reduced to a honeycombed mass with the
cavities replaced in some cases by fluorite, secondary
quartz, or telluride gold ores.

From the number of gold bearing veins that have been
found in granitic rocks in various parts of the world.
granite has been called the “Mother of gold.”

FIG. 17.—GNEISS.

Gneiss is roughly a bedded granite, or a granite show
ing more or less distinct signs of bedding. Very massive
bedded gneiss is commonly called a granite-gneiss. In
these rocks the minerals are frequently aggregated or
arranged in lines giving a banded appearance.

FIG. 18.—CONTORTED SCHIST.

Schist might similarly be called a laminated gneiss.
The lamina are commonly formed by still closer linear
aggregation of the ferro-magnesian minerals, mica, horn-
blende, etc. Various names are given according to the
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prevailing mineral composition of the several varieties.
Thus there are biotite, muscovite, sericite, mica schists
and hornblendic schists.

Although these rocks at times carry precious min-
erals, deposits in them are often lenticular in form and
pockety. This is due to the corrugation of the schists and
the quartz lenses following the planes of lamination. If,
however, the quartz fissure vein cuts across these planes,
the continuity of the vein is more assured.

F1G. 19.—SYENITE.

This is a rock nearly allied to granite, but of rarer
occurrence in Colorado and the West. Like granite,
it appears in dikes and irregular masses. Its compo-’\
sition is crystalline feldspar and hornblende, while mica
may or may not be present. In appearance it strongly
resembles granite, but is readily distinguished from that
rock by the absence of quartz. A typical syenite is an
orthoclase feldspar rock with hornblende. A dike of red
syenite occurs near the Bull-Domingo mine, at Silver CIiff,
Colorado. A syenite occurring in dikes and containing
the mineral nepheline is called “Nepheline Syenite.” This
is found near some of the ore deposits at Cripple Creek.
in the heart of the Cripple Creek volcano.

Diorite—This eruptive rock, from its general appear-
ance, is sometimes mistaken for certain kinds of ﬁne-L
grained granite. It occurs in dikes and intrusive sheets, |
the latter when very thick are called laccolites. Such |}
diorite laccolites form the lofty La Plata and Elk moun-,/
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tains in Western Colorado, and the Spanish Peaks in the
southern part of the State.

FIG. 20.—DIKES IN SPANISH PEAKS REGION.

Diorites are granitoid rocks, consisting of horn-
blende, biotite and plagioclase feldspar. When quartz
is added they are known as quartz-diorites, and may
shade insensibly into granite and be called grano-diorites.
The dark minerals alter near the surface to a dull green-
igh tint, hence the term ¢‘“greenstone.” The plagioclass
feldspars are usually small, White or semitransparent, of
a lath-like shape, and under the microscope show parallel

groovings or strie.

FIG. 21.—PORPHYRITE.

A mottled or spotted rock called by miners “birds-
eye porphyry” is usually a phorphyritic diorite or “por-
phyrite.” This porphyrite is often seen in the Leadville
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and South Park region, intruded in sheets and tongues
between the Paleozoic strata. Diorite is a frequent ac-
companiment of ore deposits in Colorado and the West.
Ores may occur at the line of contact between it and
other rocks, or in veins in the rock itself. Again, the
diorite dike or sheet ‘may be 8o 1mpregnated with ore
minerals as to be workable as a vein; under these condi-
tions the rock is s usually much decomposed or altered.
The older intrusive Plutonic diorite is akin to its more
recent representative andesite, —

Porphyries—There is a class of eruptive rocks found
in our mining districts, commonly called “porphyry.” As
stated above, it is a term loosely used and applied by
miners to almost any kind of eruptive rock of a spotted

FIG. 2.—FELSITE PORPHYRY.

appearance. A felsite porphyry is a rock composed of a
ground mass of orthoclase feldspar, usually fine-grained,
or amorphous, in which are set distinct crystals of ortho-
clase feldspar with the occurrence here and there of a
few dark minerals, like mica and hornblende. A quartz-
porphyry is practically the same rock with the addition
of distinct quartz crystals set in its ground mass.

The Mount Lincoln quartz porphyry of the Lead-
ville and South Park regions of Colorado may be
taken as typical. In appearance it is a mottled
gray granite-looking rock, spotted over with large
crystals of orthoclase sanidin feldspar. Sometimes
two of these crystals are locked together, forming
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what are called Carlsbad twins. (See Fig. 15.) As-
sociated with these are individual double-ended quartz
crystals. The larger porphyritic crystals are set in a
crystalline ground mass of the same kind; and crystals

FIG. 2..MOUNT LINCOLN QUARTZ PORPHYRY.

of biotite, mica, and hornblende are freely sprinkled
through the mass. This porphyry occurs in dikes and
intrusive sheets. It forms the peak of Mount Lincoln.
The Leadville white or “block” porphyry is also a quartz

FIG. 4.—LEADVILLE WHITE PORPHYRY.

porphyry, although it rarely shows to the unaided eye
its porphyritic quartz crystals. Light colored and shaley,
it resembles a shaley quartzite of orthoclase feldspar in
which porphyritic crystals of quartz are occasionally set.
Several other varieties of quartz-porphyry are found in
the Leadville region, such as the gray-porphyry and the
pyritiferous-porphyry. These are intimately associated
with the lead, silver and gold ores of that region. Mr.
Cross has lately grouped all these porphyries under the
general term “Porphyrites,” in which respect they would
seem related to the porphyritic diorites.
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Gabbro—Usually a dark granitoid igneous rock, com-
posed of plagioclase feldspar and the dark mineral pyrox-
ene. Gabbros, diorites and the ancient granitoid form
of basalt called diabase are all closely allied. All these
rocks by alteration of their magnesian minerals are apt
to pass into the green substance knowun as ‘“serpentine.”
Gabbros and diabases are sometimes found in a volcanic
region as dikes in the old granite complex through which
the later volcanic rocks were erupted, as at Cripple
Creek.

The Spanish Peaks—Among the many striking ex-
amples of eruptive rocks in Colorado may be mentioned
the Spanish Peaks. Huge laccolites of igneous rock were

FIG. 26.—SPANISH PEAKS FROM LA VETA.

§ §
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Sandstone

e THE COLLISRY ENOINEER ANG METAL MINERN.

FIG. 2I.—CONVERGING DIKES, SPANISH PEAKS, COLORADO.

here intruded into the Cretaceous strata, arching them
up. This eruptive disturbance cracked the surrounding
country for miles in every direction. Through these
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cracks or fissures ascended the molten rock and con-
gealed. Erosion followed. The great laccolitic reservoirs
were stripped of their sedimentary covering, and sculp-
tured into two of the loftiest and most prominent moun-

FIG. 28.—LACCOLITIC STRUCTURE, HENRY MOUNTAINS, UTAH.

HeAn s Poak

FIG. 29.—ELK MOUNTAIN LACCOLITE AND HAHN'S PEAK.

FIG. 30.—LACCOLITE—STRUCTURE OF LA PLATA MOUNTAINS.
(After Holmes.)

tains of Colorado, still further denudation brought to
the surface hundreds of igneous dikes standing up above
the country like low walls, all radiating from the main
center of eruption.

Igneous Rocks in the Mosquito Range—In the deep
cafions of the Mosquito Range of South Park it is com-
mon to see a narrow dike, issuing from the basal granite,
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WINES AND MINERALS

FIG. 31.—NATURAL SECTION OF PART OF MOUNT LINCOLN,
SOUTH PARK, COLO.

36
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pass up into and insinuate itself between the bedding
planes of the overlying limestone and quartzites. It has
opened the strata, faulted them, passed from one bed to
another and extended long sheets between the beds, thus
clearly showing the intrusive character of the eruption.

FIG. 2.—SECTION O LEADVILLE ORE DEPOSITS, MOSQUITO
RANGE.
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FIG. 33.—GASH VEINS AND INTRUSIVE SHEETS OF PORPHY-
RITE, BUCKSKIN CANON, MOSQUITO RANGE.
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FIG. 34.—IDEAL SECTION LIKE THAT AT LEADVILLE, SHOW-
ING PORPHYRY DIKE, INTRUSIVE SHEET CONTACT AND
OTHER FORMS OF ORE DEPOSIT.

Mount Lincoln—Dikes at times may be the cause
of the existence of a lofty mountain mass or peak.
Mount Lincoln, South Park, rising over fourteen thou-
sand feet above the sea, owes its prominence to dikes
of quartz porphyry, which by sending out ramifying, in-
trusive sheets have bound the sedimentary rocks together
as a tree with locking branches, or as with iron girders.
These eruptions occurred at different times and intervals,
as we find older intrusive sheets cut by newer ones or by
more recent dikes.
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e Ore Deposits—In laccolites fissure veins occur cut-
ting through the igneous mass, as in the La Plata moun-

' tains, where flssure veins in the diorite carry telluride

i _gold ores. The mtruswe ‘sheet and dike occurrence are

j particularly favoxable to ore deposits at their contact
with other rocks as notably in the Leadville and Aspen

, mining regions. Ore deposits are also found in the lava

i flows of effusive igneous eruptions, as in the fissure veins

{ cutting the vast lava sheets of the San Juan region.

\ An interesting example of a mineralized volcanic
neck or filled orifice, is the Bassick Mine of Rosita, Colo-
rado. On a still larger scale are the ore deposits gen-
erally of Cripple Creek in the old Cripple Creek Volcano.

Curiously enough craters of modern volcanoes as
well as the lavas poured from them are singularly de-
ficient in the precious metals. The same is true of the
comparatively recent basaltic lavas capping so many of
our table lands in eastern Colorado and New Mexico.

— Andesites, ctc.—The igneous rocks hitherto de-

r/ scribed belong to the bathylitic, the Plutonic or intrusive

| series. Those that follow are mostly of later eruption,

/ and are extrusive or effusive rocks that reached and

) in many cases poured out over the surface. These are

o

principally—andesites, rhyolites, trachytes, phonolites _

( and basalts.

Andesites are distinguished from the rhyolites and
trachytes on the one hand. and from the basalts on the
other, by the predominance of soda-lime feldspar.

They are commonly divided into hornblende-andesites,
mica-andesites and hypersthene- -andesites, according to
the predommatmg ferro-magnesian silicate. Hornblende-
andesite is typical. Andesites in appearance are a
minutely “pepper and ja]f’ speckled rock, due to the

N
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porphyritic character of the compound crystals. The little
white specks are soda-lime feldspars, on which strie may
be detected by a microscope, while the prevailing dark

——

FIG. 35.—VOLCANIC ANDESITE BRECCIA.

mineral is hornblende, augite or mica. An andesite car-
rying much quartz is called a dacite or quartz-andesite.
Andesites and diorites are closely allied in composition,
but differ in the mode of occurrence. Diorite is always an
intrusive or Plutonic rock. In color andesites may be
gray, brown or some shade of red or maroon. From their
spotted appearance miners call them porphyries. Besides
the massive dikes and flows a common occurrence is that
of_aundesitic breccia, or andesitic tuff; the one composed
of large angular fragments of andesite cemented by a
lava paste, the other of comminuted fragments cemeunted
into a kind of sandstone. This fragmental form came
from explosive vents, and occurred in the form of mud
flows.

The greater part of the S8an Juan region is deeply
covered by flows of andesitic breccia and tuff. The frag-
mental character of these rocks offered many opportuni-
ties for impregnation by metalliferous solutions, espe-
cially after they had been decomposed by solfataric ac-
tion. Andesite itself seems to be an ore carrier, espe:
cially of gold. In the San Juan region the breu'n is
penetrated by fissure veins and metalliferous dikes car-
rying \armus ores. o ' '

7

@
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Several of the great extinct volcanic cones along the
Pacific Coast, such as Mounts Shasta, Hood, Rainier and
others, are andesitic volcanoes.

FIG. 36.—RHYOLITE.

Rhyolite—Rhyolites proper are porphyritic rocks.
They have large individualized crystals of quartz and
orthoclase feldspar, with black crystals of biotite mica
and hornblende or augite in a ground mass that is either
glassy, or a finely crystalline aggregate of quartz and feld-
spar, or both. A variety with very little ground mass
and an approximation to granitoid texture is called
nevadite, from the state of Nevada. From quick cooling,
rhyolites may pass into a dark vitreous rock called pitch-
stone or pearlstone, not unlike obsidian. In common
with all effusive rocks poured out from explosive vents,
there are rhyolitic breccias and tuffs. - In color rhyolite
is more often light than dark. It is common in Colorado
and the West, and formerly went by the name of the much
rarer rock trachyte. Generally speaking, it is not so pro-
ductive of the precious metals as andesite or diorite;
mines, however, at Creede, (Colorado,) at Mercur, (Utah,)
and at Delamar, (Idaho,) are in rhyolite.

Trachyte—This rock closely resembles rhyolite. Its
principal mineral is a sanidine orthoclase feldspar. The
black minerals may be mica, hornblende or augite. The
ground mass is glassy. This rock is not common in Colo-
rado or the West. It occurs locally at Silver Cliff, Cripple
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Creek, and in South Park near Fairplay, but not there
associated with ore deposits.

FIG. 31.—MICROSCOPIC SECTION OF BASALT, SBHOWING SER-
PENTIZATION OF LARGE CRYSTAL OF OLIVINE.

FIG. 38.—PHONOLITE.

Phonolite—Is chemically an essentially alkaline
rock, nearly all its component minerals being alkaline.
Phonolites break up in thin plates, which under the
hammer give a ringing sound, hence the name. The
color is usually dull drab or gray. The principal miner-
als are sanadine feldspar, and nepheline or leucite or
both. The dark silicates are the soda pyroxenes, acmite
and egirine. Hornblende is occasionally seen. The
rocks have usually a compact gray or greenish ground
mass in which are visible shining sanidines, seldom
nepheline and rarely dark rods of pyroxene. Phono-
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lites are at present known only in a few localities in this
country, notably at Cripple Creek, Colorado, and the
Black Hills, Dakota. They occur at Cripple Creek in
dikes and intrusive sheets cutting through the overlying
andesite breccia, and are intimately associated with the
telluride gold ore bodies Ole deposits may occur in

dll\es"and breccia or g mte. or the dll\es themselves
may be 1mpregnated with mineral.

FIG. 39.—DOUBLE DIKES OF BASALT, SAN JUAN.

Basalts—These are heavy dark basic rocks, usually
porphyritic, but at times cryptocrystalline. The chief
minerals are plagioclase feldspar, augite, olivine and
magnetite. The ground mass is a finely crystalline ag-
gregate of these. Coarsely crystalline basalts are called
dolerites. A granitoid form of basalt usually of older
date is called diabase. In diabase the feldspars are in
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long narrow crystals. In the interstices between the
lath-shaped crystals are found dark silicates and magnet-

FIG. 40.—DIKES CUTTING STRATIFIED BEDS OF TUFF, MOUNT
VESUVIUS.

ite. The basalts, especially those of more recent date of
eruption, are, generally speaking, not notable as ore
producers.

In the Trade-Dollar Mine of the DeLamar District
of Nevada the fissure veins in rhyolite and basalt carry

FIG. 41.—OLD ANDESITE CRATER, SALIDA.

the ore, and the older diabases are not infrequently as-
sociated with ore bodies. A variety of basalt known as
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nepheline-basalt is a prolific source of ore in the Cripple
Creek district, where it occurs in dikes.

The basaltic caps which cover so many of our table
lands in the West, as well as those basalts erupted from
modern volcanoes, are commonly barren of ore.

/\4\- NN E T N e




CHAPTER II.

CAVITIES AND OTHER WEAK PLACES.

Since ore and vein matter are deposited in some
kind of opening or weak place in the rocks, it is well
before discussing veins and ore deposits, to consider
what these openings are, how formed, and where and
under what conditions they may be expected.

In contraction caused by cooling, drying and hard-
ening, both igneous and sedimentary rocks break into
more or less regular masses along division planes, called
joints. Numerous cracks and small cavities are thus
formed.

F1GQ. 43.—JOINTS 1IN COLUMNAR BASALT.

Basaltic lava and some other igneous rocks on cool-
ing split up into a more or less regular system of con-
traction cracks, dividing the sheet into the well known
columnar structure; these criacks are sometimes filled
with calcspar or zeolite minerals forming veins. Gran-
itic rocks and porphyries break into less regular
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masses and on a larger and profounder scale. The joint
cracks descend often to very great depths. These are
notable pathways for solutions carrying vein material,
quartz or feldspar, and with them at times the precious
metals or ores. (Figs. 44, 49.)

FIG. 4.

Joints also traverse rocks of sedimentary origin,
cutting through all the beds and acting as conduits for
ore-bearing or mineral solutions, these joints are due to
drying and consolidation and sometimes it may be to
earthquakes. “The strains,” says Kemp, “induced by
the compression on the outer portion of the earth, are the
most important causes of fracture. The compression

FIG. 4.—ANTICLINAL AND SYNCLINAL FOLDS.

develops a tangential stress which is resisted by the
arch like disposition of the crust. Where there is in-
sufficient support, gravity causes a sagging of the mate-
rial into synclinal troughs or basins, which leaves salient
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anticlinals (Fig. 48) and corresponding basins between
them. (Figs. 45, 46.)

A&w’y

FIG. 46.—SHEEP MOUNTAIN, ANTICLINAL FOLD, AND LONDON
FAULT, MOSQUITO RANGE, COLORADO.

FIG. 41.—VEINS IN SHEARAGE ZONES.
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Where the tangential strain is very strong the rocks
are crumpled into folds from the thrust. These folds
break, causing faults, fissures and general shattering. If
the rocks are firm and heavily bedded like some lime-
stones, the fissure is clearly cut; if they are softer and
more pliable, they are sheared downward on the station-
ary or lifting side and upward on the one which rela-
tively sinks. Such fault fissures may pass into folds
along their strike, as at Leadville, Colorado.

FIG. 48.—FOLD SHOWING BROKEN CHARACTER OF FISSURE
AND ADJACENT ROCKS, PRODUCING LATER A BRECCI-
ATED VEIN AND HORSES.

In metamorphic regions what are called shear zones
may be made apparent by changes in mineralogical com-
position and structure. Massive diabase by shearing
may pass into hornblende schists for limited stretches,
garnets and other metamorphic minerals appear, pyrox-
enes alter to amphiboles, and even the minerals them-
selves are drawn out, flattened and sheared. These
crushed strips or shear zones may result from very slight
displacements, but they form favorable zones for the de-
position of ore bodies, as in the Gold Coin Mine at Vic-
tor, Colorado, in shear zones in the granite of Squaw
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Mountain, and in many of the phonolite and nepheline
basalt dikes of Cripple Creek, which are so productive
of telluride ores. These dikes are sheared almost into
slates by multiple fissures parallel to their bounding
walls. Anticlines and synclines cause great disturb-
ance. Rocks cannot bend beyond a certain point without
breaking, the result is a series of fractures or fissures
radiating from the axes of these points of disturbance.
Ore deposits may collect in these fissures as in the zinc-
lead deposits of the Mississippi Valley.” Such fissures
may show no displacement and give rise to gash veins.

'’ 2 e .
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FIG. 49.—ILLUSTRATING GASH VEINS IN JOINTED ROCKS.

When sedimentary beds have been laid along an
older axis of granite, or some equally resisting rock, and
the thrust crowds the beds against the axis, the condi-
tions are commonly favorable for great fractures and
disturbance, as in the foothills of the Rocky Mountains.
This crowding of sedimentary rocks against an unyield-
ing granite mass may be further intensified by the uplift
of a younger range at no great distance from an older,
as in the region along the Roaring Fork, near Aspen,
Colorado, where the younger volcanic range of the Elk
Mountains has crowded and crushed the interven-
ing sedimentaries against the older unyielding mass
of the Sawatch Mountains, resulting in a region of in-
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tense folding and corresponding faulting with ore deposi-
tion.

Lines of weakness may be established from an early
period and become the locus of faulting even up to the

= ,.' / \Coallc Creek faull  oms ins mates.
-/;rv Trias

FIG. 50.—REVERSED FOLD, QUEENS BUTTE, ASPEN.

present time. On the western front of the Wasatch
Mountains in Utah is a great line of weakness that was
first faulted in Archean times and has suffered disturb-
ance even down to the present. The line of this fault
is indicated by a series of hot springs, extending at in-
tervals along the base of the range. Movements along
this line have been recorded within the human period.
Similar movements seem in progress in parts of the
Rocky Mountains in Colorado, where modern land slides
are along the lines of more ancient ones.

Fault fissures occur also in igneous rocks. The
Comstock Lode fissure in igneous rocks is four miles long
and the vertical displacement is three thousand feet.
Such great fissures are usually accompanied by numerous
minor parallel fissures, all of which may become path-
ways for ore solutions. It is not uncommon in regions
like the San Juan, traversed by numerous parallel fissure
veins, to find one, from its size and length called the
“Mother Vein,” accompanied by a series of smaller paral-
lel veins on either side.

- The eruption of igneous dikes and laccolitic intru-
sions may cause fissures radiating from the center of dis-
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turbance, as in the case of the Spanish Peaks (Fig.
25), the laccolitic mountains of Southern Colorado.
Hundreds of dike filled fissures radiate in all directions
over the surrounding country, some of which extend
twenty or thirty miles from these centers. The same is
true of the laccolitic region of the Elk Mountains in west-
ern Colorado, where numerous fissures filled with ore
bodies have resulted, as at Aspen and Crested Butte.
“Chemical action assists both in forming and en-
larging cavities and weak places and filling them with
vein matter. Water by its carbonic acid dissolves

FIG. 51.—"“CAVE” ORE DEPOSITS, JEDD MINE, SAN JUAN.

rocks and enlarges cavities. When this water de-
scends to great depths, and becomes heated under great
pressure, its action is increased. It takes into solution
all the vein making minerals it finds in the rocks. Alkaline
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carbonates and sulphides are formed, silica is dissolved
for veinstone, and the various metals enter into solution
in the heated alkaline waters. The action on the walls of
cavities formed by faulting movements is great, hence
their decomposed and irregular cavernous outlines.”
“Again, the process known as dolomization is a po-
tent factor in weakening rocks, opening small cavities
and interstices and so giving access to vein and ore solu-
tions. Magnesia is an alkaline earth, readily taken into
solution by carbonated waters. When this encounters
limestone it effects a partial molecular exchange with the
lime carbonate leaving the rock a double carbonate of cal-
cium and magnesium, or a dolomite. The irregularity in
the molecular exchange in volume causes a general
shrinkage of the limestone resulting in a shattered por-
ous condition, as at Aspen, Colorado, where the Carbonif-
erous limestone is in part dolomized, and the rock broken
up into little cubes cemented by ore and vein matter to

FIG. 62—ORE DEPOSITS IN CRUSHED ZONE ADJACENT TO A
FAULT.

such an extent that the dolomite is known to the miners

as ‘short’ lime. Such a shattered zone is ideal for replace-

ment by ore and vein matter. This is so well recognized

at Aspen that the line of demarcation between the zone



GEOLOGY OF WESTERN ORE DEPOSITS. 53

of dolomization and the unaltered limestone is called the
‘mineral contact.’” (Fig. 9.)

The molecular replacement or interchange of metallic
mineral with limestone or dolomite is called a metaso-
matic interchange, substitution or replacement.

Alteration of the metallic ores may also produce
cavities or weak zones and make way for a substitution
or replacement by other or fresh ores.

~
O

- '-'

ASPEN.

FIG. 64—ORE FOLLOWING JOINTS AND STRATIFICATION
PLANES.
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Lines of weakness and cavities occur along the planes
of faults, and particularly at their points of intersection
with cross faults. These, as at Aspen. are favorite
places for ore deposition. (Fig. 53.) Another favorite

FIG. 3%5.—EXAMPLE OF ORE BODY IN FAULT PLANE, MOS-
- QUITO CANCN.

— e s
FIG. %.—FAULT AND ORE FOLLOWING BEDDING PLANE.
place for invasion by ore solutions and depositions of

mineral is along the bedding planes or lines of separation
between the strata. In =ome casex this natural division
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by a pause in sedimentation may have become also a line
of actual fissuring, one stratum by thrust movement hav-
ing slid upon or along the face of the other. Such a
movement would be indicated by slickened walls, breccia,
etc., instead of a so-called bedded vein there would be a
true fissure vein. Such is often the case at Aspen, where

Contact

Contact

Contact

i3 2 &
Q
FIG. 57.—SECTION SHOWING CONTACT ORE DEPOSITS.
the fault plane for a certain distance nearly or quite co-
incides with the natural bedding plane.
Joint planes either above or below the beddmg planes
where they cross them form conduits for ascending or de-
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scending ore solutions, and ore is deposited more espe-
cially at the line of crossing or along the bedding plane.
Contact deposits are formed in a similar way at the line
of contact or separation between two dissimilar strata
or between two dissimilar rocks, as quartzite and lime-
stone, or porphyry and limestone. (Fig. 57.)

FIG. 68.—ILLUSTRATING CONTACT VEINS,

Volcanic eruptions of various kinds and forms pro-
duce cavities, fissures and weak zones fitted for attack
and circulation of ore bearing solutions. Volcanic vents
or throats of old craters filled with a loosely cemented
agglomerate of boulders are of this nature, as at the
Bassick Mine at Rosita, Colorado. In these cases the
cementing material, not the substance of the boulders, is
what carries or is replaced by ore. Even in these ag-
glomerated masses there may be a fissuring system more
or less determining the course of the principal ore shoots.
At the Bull Domingo Mine, in the same region as the
Bassick, the arrangement of the galena coated granite
boulders is along the line or at the junction of a series
of radiating fissures.



CHAPTER IV.

FAULTS.

“A fault may show itself only by a mass of broken
material, or by a sharp clear cut, which may be very
short or extend for many miles, as in a modern case in
New Zealand, where an earthquake of 1845 produced a
fissure averaging only eighteen inches in width, but
traceable for a distance of sixty miles parallel to the axis
of the mountain range.”

R. H. Stretch says: “A fissure, whether long or
short, must terminate somewhere, and' the grinding
motion preparing a fissure for the subsequent filling by a
vein must be greatest where the displacement of the walls
has been most extensive and die out to nothing at either
end.” Hence it is that we sometimes find the main width
and main zone of ore deposition near the middle of a
fissured zone, because the central portion was the natural
course of easiest circulation of water and ore solutions.
At either end the deposit is likely to be barren or to play
out.

In sedimentary strata which rest on a granite base,
small local faults are sometimes observed. It would seem
as if these faults, which usually terminate at the junction
with the granite, had been caused by the strata being, so
to speak, shaken up on top of the granite. Such faults,
when filled by ore, are called gash veins. Examples of
such veins are found in some of the mines of Buckskin
Cafion, South Park. (Fig. 33.)

S 7
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A fault may cut the rock formations, either at right
angles to the strike, or it may run parallel with the strike
. and cut down either following and conformable with the

.
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MINES AND MINERALS.

FIG. 59.—SOME FAULT PHENOMENA IN MINES.

bedding of the strata, or it may cut across diagon-
ally at a very acute angle, or be more nearly ver-
tical than the dip of the strata. Veins occupying
such strike fault planes have not infrequently been
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mistaken for, and called, “bedded veins,” or, if they lie
conformably between two different kinds of rock, “con-
tact bedded veins.” The fact is, they are true fissure veins
occupying a distinct fissure, as evidenced by the polished
striated faces of the strata or walls enclosing the ore

FIG. 60.—ORE DEPOSITS, MINNIE MOORE MINE, IDAHO.

deposits, as well as by the occurrence of fault breccia.
Such conditions frequently appear in ore deposits in
regions of highly tilted slates or metamorphosed shales,
as in the Minnie Moore Mine, of Bellevue, Idaho.
The line of a fault fracture, both along its surface
outcrop and its downward course, may vary greatly,
according to the different physical characteristics of the
rocks it penetrates. While passing through a massive

FIG. 61.—VEIN SPLITTING UP INTO BRANCHES ON PASSING
FROM SLATE INTO PORPHYRY.
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rock like limestone, the fracture may be originally clear,
sharp-cut and narrow, but subsequently greatly widened
by erosion and dissolving of the lime. On entering pli-
able strata like slates the fissure is liable to break up in a
zone of many small fractures. In a loose, open rock, like
a coarse conglomerate, the fracture may be in the form
of a large zone of breccia. (Fig. 62.)

FIG. 62—BRECCIATED VEIN WITH COCKADE ORES.

‘A fissure vein on the steep slope of a hill, running
parallel with the strike, is likely to be faulted in a series
of step faults, giving, by a series of repeated outcrops, the
impression that there are several parallel fissure veins in
the hill instead of a repetition of one single vein by fault-
ing. A lack of knowledge or recognition of this fact has
led at times to long and expensive crosscuts in search of
the veins apparently indicated by the surface outcropping.

Irregularities on the plane of fault fractures, both
along the strike and downwards, give rise to alternate
pinches and pockets, for in steeply dipping shales slates
or schistose rocks, strike faults are liable to have large
cavities, both along the strike and downwards, from a
buckling of the pliable strata, as by a compressive force
exerted laterally.

These buckles often carry the largest ore pockets, and,
as in the Minnie Moore Mine of Idaho, the buckle and ore
pocket may be traced down from level to level.
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“Before veins could be formed and filled there must
have been fracturing of the rocks to admit circulation of
waters, and the nature of the fissures thus produced is
influenced by the varying hardness, brittleness or solu-
bility of the rocks fractured, as well as by the direction
in which the forces may have been applied. Veins in the
same classes of rock and formed at the same time in a

EZHOuares. ["TSandstone.

E==)state.
FIG. 6.—SADDLE REEF STRUCTURE.
given region are apt to have much in common, both in
structure and contents.”

“Besides absolute faulting or dislocation of the rocks
to afford openings for vein formation simple folding of the
strata may have been sufficient to form zones of weakness
for saturation by ore-bearing solutions without actual
displacement.” (Kemp.) ’

Not all fault fractures in a mountain system are filled
by vein material or ore. For example, the faults at Lead-
ville are, for the most part, notoriously barren. Again,
though a region be split up by a system of parallel frac-
tures, and though all these be filled by quartz or gangue
matter, they may not all be ore bearing, still less profit-
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able. It is by no means uncommon to find great veins
of barren or “bull quartz” parallel to and not far from
smaller veins prolific in ore. In some districts the miner-
alization by ore appears to be related to the proximity of
eruptive dikes. Away from these dikes the vein fissures
may be barren.

Faulting and Re-Opening of Fissure Veins.—In addi-
tion to the general faulting of the strata containing ore
deposits, fissure veins which occupy permanently a fault
fissure are themselves liable to faulting by a more recent
fault, or by a more recent vein occupying a later fault
fissure.

FIG. 64— VEIN FAULTED BY CROSS VEIN.

In this case the older vein is said to be “heaved” by
the newer vein. Sometimes a fissure vein is faulted by a
later fault whose fissure is not filled by vein matter.
This is called, in Cornwall, a cross course. Then the fis-
sure vein may be dislocated, or perhaps broken two or
three times, like a stick broken by a lateral thrust, each
break shifting part of the vein more and more to one side
of the original downward direction or line of the fissure.
Unlike faults in a coal mine, where the lost coal seam
is sought above or below, the metal miner seeks his lost
vein to right or left of him.

Again, in a given region there mnay be two distinct
systems of veins, having two distinct strikes, the one bear-
ing either at right angles or diagonally to the other. The
vounger system may fault the older whenever they cross,
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or, if the strikes are not widely different, and they meet
at an acute angle, one vein may, for a distance, slide along
by the side of the other, almost making one wide vein,
until they cross without any apparent dislocation and con-
tinue their several courses. When a group of veins has
been made at the same time by a star-like fracturing of
the country there is no heaving or faulting of the veins,
but they simply radiate from a given center. This is not
infrequently seen in the San Juan region, and there, as
under these conditons generally, the vein contents are
likely to be similar.

FIG. 6.—QUARTZ VEINS BRANCHING FROM MASTER VEIN,
HOWARDSVILLE, SAN JUAN MOUNTAINS. COLORADO.

The re-opening of fissure veins and the filling them
with newer material in combs or bands of vein matter
and ore also belongs to the same principle of faulting and
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fissuring. The vein, being a healed wound in the rocks,
is a line of weakness particularly subject to attack. move-
ment, re-opening or fissuring when any later mountain
movement takes place. Besides the introduction of fresh
vein matter, and it may be different minerals, into the
original vein, the line of secondary fissuring is often

]
FIG. 66.—COMPOSITE FISSURE VEIN, CROESUS MINE, IDAHO.

marked by gouge or selvage matter in the heart of the
vein.

Composite veins made up partly of a main fissure, and
numerous mineralized slips, cross slips and shattered
rock belong to the shearage zone system. This is a modi-
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fied form of faulting due to compression or stress. Such
composite veins are common at Butte, Montana, at Ross-
land and Cceur d’Alene, and in the Crecesus and some
other gold mines near Hailey, Idaho.

These composite shearage zones of multiple fracture
appear to offer better opportunities for wide mineraliza-
tion and large bodies of ore than a single fissure occupied
by a normal fissure vein. The main fault fissure, or prin-
cipal fracture, is often filled by a conspicuous quartz vein,
having all the appearance of a true fissure vein. This
usually carries the pay streak. Alongside of this a zone
of country rock, split up by minute fractures and parallel
slipping planes, may be mineralized with ore, mostly low
grade,

Faults of the Leadville and South Park Region.—
Fissure veins, as well as blanket or bedded deposits,
are oftentimes faulted together with the strata or rock
enclosing them. Fault fissures, too, are the natural habi-
tat for many veins and ore deposits. The common rule
in faulting is that the footwall of the fault fissure rises
or remains constant while the hanging wall drops down.

FIG. 61.—REVERSED FOLD AND FAULT. ORE BODY IN PLANE
OF FAULT.

When the opposite to this occurs it is called a reverse
fault. The ends of the strata that may contain a bedded
ore deposit on the footwall side of the fault fissure in a

3
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normal fault are commonly found bent downward, as if
dragged down by the fallen hanging wall side, then the
ore deposit may be looked for below. However, the op-
posite is sometimes the case.

A faulted region is one in which great folding, or
crumpling, of the rocks has taken place. This is due to
horizontal, lateral or tangential pressure and strain.
When the folding reaches its utmost tension the rock
breaks and a slip or fault is the result. (Fig. 68.)
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In the South Park region, adjacent to Leadville, the
horizontal strata of the Park Basin, as they approach the
Mosquito Range, become folded. The folds increase in
closeness and steepness as they near the range, until, as
we enter Four Mile Cafion, which gives a complete cross
section of the mountains, the axis of the range is seen
to be formed by a magnificent arch, which breaks down
abruptly on the steepest side into the great London fault.
This fault runs along and splits the range for more than
twenty miles. 8Still further into the range towards Lead-
ville, is a series of parallel faults, each representing a
fold that once preceded the faulting. Following the course

FIG. i2.—FOLD AND FAULT, SACRAMENTO ARCH, MOSQUITO
RANGE.

of the London fault from its inception, in Round Moun-
tain on the south, where it dies out at that end, the fault
is shown in each successive cafion intersecting the range,
in one it is at the side of a steep arch, in another the top
of the arch has been removed, and the ends of the strata
stand up abruptly; again it is at the side of a low, broad
arch, as in Little Sacramento Cafion. (Fig. 72.) In
Big Sacramento there is no sign of any arch that has



GEOLOGY OF WESTERN ORE DEPOSITS.

70




GEOLOGY OF WESTERN ORE DEPOSITS. 71

been removed by erosion. The line of fault is seen in a
ravine down the side of the cliff, and is filled by great
masses of debris. Across the hill, in Mosquito Cafion, the
fault is shown by Paleozoic strata abutting against a
solid mountain of granite, The dying out of the fault,
north, is lost in the chaos of mountains, but it doubtless
ends in a fold. (Figs. 69, 70, 71, 72.)

Surface and Other Indications of Faults.—The sur-
face indication of faulting is sometimes a sag or a sudden
depression in the outline of a hill. Thus, from the Mos-
quito Range, we descend to Leadville on the west side by
a series of Cyclopean steps or benches, the line of each
fault being very markedly a sag on the hill slope, the
depression often constituting a little ravine filled by a
water course and abounding in vegetation.

Sometimes the line of a fault may be followed for a
distance along the surface by the outcropping of a comb
of rock whose strike is different from that of the surround-
ing strata.

In a mine fault movements are indicated by slicken-
sided, polished and grooved faces of the walls, by a gen-
eral broken-up character of one or both walls, by a zone
of broken rock, down which water may drip copiously,
also by fault breccia or small broken fragments of rock,
due to the grinding of the walls in the process of slipping.
This breccia may be cemented by calcspar, or even by ore.
The grinding process may, as in the Comstock fissure,
reduce the quartz to a powder like commercial salt. The
polished or slicken-sided faces of the walls often show
groovings or strie, which may indicate the direction of
the slipping motion. In some cases this motion may be
nearly vertical, in others transverse, lateral or horizontal,
and again twisted, as if by a torsional strain, due to a
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greater displacement in one part of the fissure than in
another. The strain caused by faulting sometimes leaves
the faces of the slips in such a state of tension that when
the pressure is relieved they scale off with a slight explo-
sion. These motions were probably slow, or by short jerks,
at times accompanied by earthquake shocks rising to the
surface.

Measuring a Fault—In a good section of a cliff, as
is sometimes afforded in our deep caiions, by observing
some well defined or peculiar rock or stratum high up
on the face of the cliff, and a corresponding one further
down, we may easily compute the amount of slip or dis-
location. When, however, faults amount to thousands
of feet of displacement it is only by an accurate knowl-
edge of the geological position of the displaced members
that we can form an estimate of the amount of slip. If,
for example, the Cambrian series at the base of the geo-
logical scale is brought up in juxtaposition with the Ter-
tiary, we know that there has been a movement of sev-
eral thousands of feet to bring these two widely distant
rocks on the same line. On Castle Creek, near Aspen,
the thick Mesozoic Red Beds lie at the bottom of the
creek at the base of a steep lofty cliff of granite, on top
of which rest the Paleozoic limestones and quartzites
forming the crest of Aspen Mountain, a great fault has
taken place by which the Paleozoic strata have been
lifted up and the Mesozoic correspondingly depressed.

The downward direction of a fault plane or fissure
is more often slanting than vertical. It may vary in de-
gree of dip, or descend by “steeps and flats.” Its strike
across the country is not always straight, but often
curved, sinuous, or zigzag. In a faulted district like
that of Leadville there is usually a prevailing direction
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of upthrow or downthrow. At Leadville the upthrow is
to the east, and the footwall of the fault fissure is the
eastern, while the hanging wall or western face of the
fissure has fallen. The greatest amount of slip here
amounts, near the center of the district, to some thou-
sands of feet. The slip diminishes north and south and
dies out in folds represented by rounded hills.

The exact line of the fault fissure is usually obscured
on the surface by debris, crushed rock and vegetation.
In the mines with depth we may find both walls wedged
tightly together and one side or both much crushed.
Sometimes a little mineral may be found on the “cheeks”
of the fault, dragged down from ore bearing strata above
or leached from them and redeposited.

The fissure of the Iron fault at Leadville in the Mc-
Keon shaft is three feet wide in places and filled with
broken rock and a dark clay. The “cheeks” are altered
by surface waters impregnated with iron oxide, and what
ore there is is water-worn. The outcrop of the fault on
the surface is irregular. Its direction downwards is
steep, but accompanied at intervals by benches on which
are rich deposits of ore. The main fault is attended by
a series of smaller faults parallel with and adjacent to
it. From the movement of timbers, of five degrees or
more in some of the mines adjacent to the fault plane.
it is inferred that the fault movement is still continuing.
Similar movements have been observed in the (Centennial
mine at Georgetown and in some of the mines at Aspen.

Faults of the Aspen Region—The Aspen mining
region of Colorado is one peculiarly broken up by a mul-
tiplicity and great variety of faults, they have an im-
portant relation to the deposition of the ore bodies, as
the latter are commonly along the planes of the faults, or
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at their points of intersection with one another. In this
region almost every kind of a fault is represented. There
are normal step faults and abnormal or extraordinary
reversed faults. There are slipping faults along and par-

faﬂar “

Della
Fault

FIG. 74.—VEINS AND FAULTS AT ASPEN.

FIG. %5.—SHAFT TIMBERS DEFOR! FAULT
PLANE.

allel with the bedding planes of the strata, one stratum
having slid upon the other, and again some are hori-
zontal or lateral faults, as if caused by horizontal tan-
gential pressure.



GEOLOGY OF WESTERN ORE DEPOSITS. 75

In his monograph on this section, Mr. J. E. Spurr
gives some general suggestions on the measurement
of faults. “Faults are displacements along fractures.
When rocks are subjected to great strain fractures
take place, and the different parts of the rock tend
to move past one another along their fractured
planes. One part of the fractured rock mass may move
upon the other in any direction, up, down, sidewise, or
obliquely according to different conditions. When there

FIG. 6.—TREE SPLIT BY LANDSLIDE, SAN JUAN REGION,
COLO.

is any pre-existing plane of weakness of the rock which
is subjected to strain, the movement may take place along
this plane. In sedimentary beds, movements along their
bedding planes are common, and hence it is that the bed-
ding planes as well as the lamine of the rock are often
found polished or slickensided in highly tilted sediment-
ary strata. The amount of movements in faults can be
completely ascertained only by aid of independent and
accidental phenomena. The existence of a movement may
be determined by marks left on the slippery smooth sur-
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face, such as ground up rock, or “fault breccia,” polished
striated rock surfaces, and so on.

The amount of friction as displayed by the grinding
up or polishing of the rock may not be proportional to
the amount of movement, since faults with slight dis-
placement are often accompanied by zones showing pro-
found trituration, while others of far greater movement
show to a much less degree the effects of friction. The
friction depends upon the angle of chief stress to the
sliding plane rather than the amount of movement along
this plane. In rocks made up of various materials and
of various consistency the amount of movement of a
fault can ordinarily be estimated with more or less ac-
curacy, the degree of closeness depending on the nature

* FIG. 77.—""HORSE"” IN VEIN.

of differences in the composition of the rock masses. The
commonest variations in rock masses constant enough
for reliable data are in sedimentary beds, hence a general
measurement of a fault movement is the separation of
the two parts of an originally continuous stratum.

In mining geology we may regard sedimentary beds
as only phenomena accidentally associated with faulting.
Any fault in which the direction of movement is parallel
with the plane of sedimentation will not cause any ap-
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parent displacement in a sedimentary bed whatever be
the attitude of the fault plane in relation to the plane
of the stratum. This may be true of faults in all sorts
of positions, since the sedimentary beds may be so folded
as to stand in any kind of position with reference to any
fixed plane, such as the earth’s surface. When the direc-
tion of movement in a fault lies at a slight angle to the
plane of sedimentation, the apparent displacement of a
stratum resulting from this fault will be only a slight

FIC. i8.—HORSES IN VEIN IN FAULT.

part of the actual fault movement, and it is only when the
direction of movement is perpendicular to the plane of
sedimentation that the separation of the parts of the
faulted stratum is an accurate measurement of the move-
ment. The most valuable criterion for measuring faults,
besides sedimentary beds, are igneous bodies, such as
dikes and bodies of ore; strie or groovings on fault
planes, showing direction of movement; and the composi-
tion of the fault breccia, showing in some degree the
amount of movement. By taking several of these signs
together we may often ascertain the amount and direc-
tion of the movement of a fault. This may sometimes
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be found out immediately, but generally it must be in-
directly calculated.

The four terms generally employed with regard to
fault movements are displacement, throw, heave and off-
set.

Displacement and throw refer to the separation of
beds by a fault as seen in a vertical section. Each of
these terms is used by some to indicate the distance along
the fault plane between the broken ends of the bed, and
sometimes the perpendicular distance measured on a hor-
izontal plane between portions projected if necessary.

Granite ) Rolite Quartz
FIG. 79.—VEIN PASSING THROUGH DIFFERENT VARIETIES OF
GRANITE.

Heave and offset are also used interchangeably, signify-
ing the perpendicular distance measured on a horizontal
plane between portions, projected if necessary, of a bed
separated by a fault. Mr. Spurr suggests six terms to
designate different parts of a fault movement.

For general outline work the terms “throw” and
‘“vertical separation,” referring to the measurements of a
fault at its intersection with a vertical plane, and the
term “heave” or “offset,” indicating a measurement of a
faultat its intersection with a horizontal plane are adopted.
The throw and offset are parts of the actual fault move
ment, but of unknown value, while the vertical displace-
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ment sustains a certain relationship to the throw. When
complete data are obtainable the terms total displace-
ment, lateral separation and perpendicular separation are
adopted. The perpendicular separation sustains a certain
relationship to the lateral separation, as the latter does
to the total displacement.

In the Aspen region the relation of folding to fault-
ing is very conspicuous, the extreme and overthrust fold-
ing resulting in reverse faults, ordinary or more gentle
folding in normal step faults. Some of the fault move-
ments have been exceedingly recent, occurring after the-
glacial deposits, and from indications in the Della 8. and
other mines, such as crushing of timbers and distortion
of mine workings, the movement seems still continuing.
(Fig. 75.)

At Telluride and Rico are evidences of prodigious
landslides accompanied by recent faulting. These slides
are along or parallel with the more ancient lines of fault-
ing in that region. Mr. W. Cross attributes these land
slides and recent faults to earthquake action probably of
voleanic origin.



CHAPTER V.

INFLUENCE OF COUNTRY ROCK ON VEINS.

The enclosing rock may influence or affect both the
vein structure and the vein filling. A vein varies in width,
uniformity, presence of splits and “horses” in passing

“from omne rock to another. (Fig. 79.) It may pinch

out in a tough rock, expand in an easily shattered
material, become dissipated into a “stockwork” in brittle
rock, or lost entirely in shales. In soluble rocks, like
limestones and dolomites, the original fissure may be
modified by solution and a cavernous-like structure,
formed with replacement of the limestone by ore.

The vein, solid and continuous in one rock, may, in
another, split up and form “horses” (Fig. 77), or become
a zone of little stringers too poor to work. In the Guada-
lupe Mine, Chihuahua (Fig. 61), cited by Weed, a
vein ten to forty feet wide, of profitable ore, changes in
this manner eastward into small unworkable veinlets.

In schists the original fissure may have been due to
a very slight movement along the plane of schistosity,
resulting in “linked veins,” composed of numerous con-
nected lenses, as in the schistose region of the Carolinas.
If the movement is distributed over several folia, the
veins consist of a series of lenticular masses, overlapping
one another, in a zone which may be over a hundred feet
wide. As different rocks break in different ways, the
character of the fissures formed in them will depend on
the country. At Butte, Montana, the veins occur in a



GEOLOGY OF WESTERN ORE DEPOSITS, 81

coarse grained granite with intrusions of aplite granite
and dikes of porphyry. When these veins cross the por-
phyry, or aplite, they are narrowed. (Fig. 80.) At Nei-
hart, Montana, a vein passing from schists into quartz-
ite changes to many small fissures. Again, veins
small and tight in granite widen out in rhyolite. At
Cripple Creek, in hard andesite, the veins occupy clear-cut
fissures, but in the soft rocks, a zone of small cracks.

In slates, if the fissure crosses the lamine it is usually
strong and well defined, but if following the lamination
it is likely to be in lenses. At Cceur d’Alene, Idaho, the
veins cross slates and quartzites with very little change.
In Montana the rhyolites are unfavorable for well-defined

FIG. %0.—EXAMPLE OF ORE BODY IN FAULT PLANE, MOS-
QUITO CANON, AND CHANGE FROM BARRENNESS IN
GRANITE TO RICH ORE IN PORPHYRY AND QUARTZITE.

constant veins, the rock being too easily shattered. The
more basic granular rough rocks carrying augite and horn-
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blende are more favorable for well-defined fissures. Each
district has its peculiarities.

Where a vein passing through two different rocks
shows one class of mineral in one rock and a different
class in the other, the change is due to the influence of the
wall rock. The nature of the wall rock is an important
factor in the chemical reactions of the process of replace-
ment in veins.

At Butte, Montana, copper veins occur as replace-
ments of the rock along fracture planes. The veins cut

FIG. 81.—COMPOSITE FISSURE VEIN, CROESUS MINE, IDAHO.

two varieties of granite and a quartz porphyry. In the
Butte granite the veins are rich in copper. In the Blue-
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bird granite they are wide but lean. The Butte granite
owes its richness, according to Weed, to the basic charac-
ter of the rock and its greater content of the easily
replaceable iron silicates.

Veins may be rich in passing through a dike of por-
phyry and poor on entering the slates. When the dike
diminishes in size the vein may decrease in width. At
Rico, Colorado, there is a marked change in passing from
limestone into sandstone. The veins are richest in the
dark sedimentaries. The carbonaceous matter of the sedi-
mentaries is supposed to have acted as a precipitant of
the ore. At Neihart, Montana, veins are barren in the
dark-colored gneiss, but hold ore in the white feldspathic
gneiss. In amphibolite the vein is barren and narrow,
and no workable bodies occur in the diorite. In quartzite
the veins are rich near the surface, but do not improve
with depth. In the San Juan and La Plata regions of
Colorado fissure veins are strong and productive in the!
_andesitic breccia and the diorite rocks, but on penetratingJ »
the underlying sedimentaries the values generally give out,

Pyrite is a powerful precipitating agent. In solu
tions carrying copper salts, its reducing action is espe-
cially marked. Pyrite from the Butte veins left for sev-
eral weeks in the natural mine waters became coated with
copper glance. If later reconcentration occurs, as in
so-called secondary enrichment, bonanzas are formed by
reaction of pyrites on later solutions.

“To sum up,” says Mr. Weed:

1. The structural character of vein fissures, such as
course, width, etc., vary with the nature of the country
rock.
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2. The mineral contents of veins formed wholly by

the filling of open fissures are not affected by the nature
of the vein walls.

3. The mineral contents of ore deposits formed by
metasomatic replacement vary with the nature of the
enclosing rock.



CHAPTER VI.

GENERAL FEATURES. MOUNTAIN UPLIFTS AND
MINERAL BELTS.

“The topography of a region is the result mainly of
its geology. The Rocky Mountains rise from the prairie
in long north and south ranges, consisting of Archaan
axes, with Paleozoic and Mesozoic strata forming their
east and west flanks. Great bodies of igneous rocks at-
tended the various upheavals, the chief of which began,
as has been said, at the close of the Cretaceous. The
Rocky Mountains shade out on the west into a lofty
plateau, extending to central Utah, where it is cut by
the Wasatch Range. The Uintah Mountains are an east
and west chain on the northern portion of this plateau.
The rocks in the north are chiefly Tertiary, with Meso-
zoic and Paleozoic in the mountains. To the south are
found Cretaceous and Triassic strata, with igneous rocks
of great extent. The principal upheaval of the Wasatch
began at the close of the Carboniferous, and seems to be
still in progress.

Between the Wasatch and the Sierra Nevada ranges
is the Great Basin region of lake bottoms of Quaternary
age. The surface is diversified by north and south ranges
of eruptive rock and tilted Paleozoic blocks. The depres-
sion of the Great Basin is succeeded by the lofty Sierras.
The flanks of these mountains are largely metamorphosed
Jurassic and Cretaceous rocks, with great igneous out-
flows. The surface of the great valley of California rises
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again in the Coast ranges, which slope to the Pacific
Ocean. The principal upheaval of the Sierra Nevada
began at the cloge of the Jurassic; that of the Coast
range at the close of the Miocene Tertiary.

Oregon and Washington, along the coast, are formed
of Cretaceous and Tertiary strata, but inland are vast
outpourings of igneous rock, covering great portions of
both states, as well as Idaho. The Carboniferous is ex-
tensive in the north, and runs eastward into Montana.
Great Tertiary and Quaternary lakes abound.

The outlying Black Hills of South Dakota consist
of a dome with an elliptical core and concentric Paleozoic
and Mesozoic strata laid up around it. The Yellowstone
Park consists chiefly of igneous volcanic rock in enor-
mous development.

To the south the Rocky Mountain system, as it en-
ters New Mexico, Texas and Old Mexico, breaks up into
a number of minor ranges, surrounded by both Mesozoic
and Paleozoic rocks, accompanied by great outflows of
igneous rock, both in the mountains and on the prairie
foothill region.”*

In the great Cordillera system there seems to be a
definite relation between mineral belts and well known
lines and times of uplift. In this great mountain system
are several well defined and more or less parallel mineral
belts. Onme is at the foot of the Wasatch Mountains, rep-
resented by the Utah mines lying along the foothills,
with a definite relation to the main line of the crests of
this range. In a similar relation to the Sierra Nevada
stand the gold and copper belts of California; and the
quicksilver and cinnabar belt of this state is parallel to

*Kemp’s ore deposits.
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the Coast Range. The Arizona mineral belt lies diag-
onally across the country in a northeast and southwest
direction. The mining districts of Nevada are not so
easily grouped. These four distinct mineral belts are
connected with the four great mountain-building changes
and uplifts. The last of these was after the Miocene
Tertiary, resulting in the uplift of the Coast rapge. The
distributing force was greatest north and south of San
Francisco. :

An upheaval at the close of the Cretaceous raised the
whole west central portion of the continent now occupied
by the complicated system of the Rocky Mountains. The
Wasatch Range is the western edge of this uplift. The
dislocation took place on an old fault, coincident with
the present western foot of that range, and here, as
stated, lie the mines of Utah. The Sierra Nevada and
ranges of the Great Basin were uplifted at the close of
the Jurassic, the line of most intense disturbance coin-
cided with the Sierra, and the greatest dislocation oc-
curred along its western foot in what is marked by the
“gold belt.” The Paleozoic strata of Eastern Nevada,
Western Utah and a part of Arizona, extending over part
of the Plateau and the Colorado river region, past Pres-
cott and on to Tombstone, were raised above the surface
of the ancient sea by what was the earliest disturbance
in the far west. The main Arizona belt nearly coincides
with the borders of this Paleozoic uplift.

In Nevada the uplift, at the close of the Carbonifer-
ous, was gentle and without much crumpling of the rocks.
The ore deposits are for the most part along the edge of
the uplift, and are rudiments of the belt which is better
defined in Arizona.



88 GEOLOGY OF WESTERN ORE DEPOSITS.

The age of mountain uplifts is determined by the
strata involved. Thus we know that the great uplift of
the Rockies occurred at the close of the Cretaceous, be-
cause both the Cretaceous rocks and all those of previous
ages are uptilted with the mountains, while those of the
Tertiary are not so severely tilted.

Mountain uplifts are not the immediate cause of
mineral belts, but rather of fissuring and faulting. The
uplift of a great range is not along a single line of dislo-
cation, but such movements are accompanied by a great
number of parallel faults and sets of fissures, with string-
ers running off into the surrounding country. A large
area is fractured by innumerable rents in various direc-
tions; many of these may afterwards be filled by veins,
and constitute a mining district.

Thus, there is seen to be a close relation between
mineral belts and the time and line of uplift. The great
Post-Cretaceous uplift of the Rockies determined some
of the lines of our ore belts, and we find the line and
time of uplift of some of the minor ranges of Colorado
more or less coincident with the mineral belts found in
them.

AGE OF MINERAL DEPOSITS,

Metals occur in Colorado in rocks of every geolog
—ical age, but principally in the older rocks in the moun-
tainous districts, and especially at the Ltlon of lgne
ous eruptive rocks with the sedimentaries. At what par-
ticular period the different mineral doposnts were formed
can not be positively or definitely stated. The gold de-
posits of Gilpin. Boulder and Clear Creek counties may
have been during or after the Archwean, since they occur
in granitic rocks; but as in the immediate vicinity there
are no later rocks to limit the exact age of these deposits,
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they may.have been much later, possibly as late even as
the Cretaceous, when the great dynamic uplift of the
mountain range took place. The silver-lead deposits of
Leadville were certainly formed after the Carboniferous
and before the mountain upheaval, because, in the first
place, they penetrate Carboniferous rocks, and, in the
second place, the fissures and faults, formed presumably
at the time of the Cretaceous uplift, cut through and
fault these deposits and are themselves generally barren
of ore. The ore deposits of the Gunnison Region are
later than the Cretaceous, because they occur in fissure
veins cutting through the Cretaceous strata, and even
through the Laramie coal beds. The Custer, San Juan
and Cripple Creek deposits were probably formed in the
Tertiary period, as they traverse andesites and other
lavas presumably of that age of eruption. The iron ore
deposits belong to the Cretaceous period, and the gold
placers to the Quaternary. In general the Archen,
Cambrian, Silurian and Carboniferous; that is, the older
rocks are the great carriers of the ores of precious metals.
The sedimentaries of the foothills and plains are not
found productive, yet in the heart of the mountains,
where foldings, crumplings and volcanic eruptions have
occurred, we find these same rocks prolific in minerals,
notably in the Gunnison, Aspen, South Park and Lead-
ville districts.

Ore deposits favor some particular geological hori-
zon, not because that particular geological age was one
especially productive of mineral at the time, but rather
that the rocks of that age, by peculiar physical charac-
teristics, happened to be better adapted for receiving
mineral solutions, than the rocks of some other ages.
Thus the “Blue Limestone” of the Lower Carboniferous
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throughout the Rocky Mountains has been particularly
productive, not because it belonged to that age, but rather
because the limestone itself being favorable for rceiving
mineral deposits has been locally penetrated by eruptive
rocks. Where the eruptive rocks do not occur the Car-
boniferous limestone is commonly as barren of mineral
as other limestones generally are in Colorado.

ORE IN ROCKS OF ALL GEOLOGICAL PERIODS.

In the early days of metal mining, ore bodies were
generally supposed to be restricted to fissure veins in
granitic rocks of the Archean age, then lead-silver de-
posits were found in rocks of Paleozoic age, such as those
in the Lower Carboniferous limestone at Ieadville and
Aspen, Colorado. This was an upward advance in geo-
logical horizons, but mining geologists were slow to ad-
mit that ore bodies could occur higher in the series than
in these Paleozoic rocks, because these being nearest the
granite alone showed signs of general metamorphism;
and metamorphic heat and alteration were justly con-
sidered essential to ore occurrence. Rocks above the
Paleozoic series, as a rule, showed comparatively few
signs of general metamorphic action. The power of in-
trusive sheets of porphyry to induce results similar to
those observed in the great metamorphic series and to
give rise to veins or ore deposits in any kind of rock at
any period with which they came in contact, was for a
while not generally recognized. The gradual discovery
and recognition of ore bodies in one geological horizon
after another, when associated with eruptive rocks, has
80 widened our knowledge of ore occurrences, that we
are now able to state that ores may and do occur in the
rocks of all the geological periods from the Archsan to
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the top of the Tertiary. Of this there is abundant proof
in the West, and even in Colorado alone.

It is clearly shown that it is not the geological
period that determines when and where ore deposition in
mineral veins may occur, but rather certain concomitant
circumstances, irrespective of geological eras, or even of
kinds of rock. These circumstances or conditions ap-
pear to be great dynamic movements, such as upheaval,
crumpling and folding of strata, accompanied by fissur-
ing, metamorphic or volcanic heat, and igneous intru-
sions. As an example we may cite the Blue Limestone
of the Lower Carboniferous period, which is locally such
a notable ore carrier at Leadville and Aspen. This rock
is by no means confined to Leadville and Aspen, but has
a wide extent in the Colorado mountains. In itself it is
not ore producing, it cannot generate ore, nor have we

any reason to believe that the period to which it belongs
 was remarkably characterized by ore bearing solutions.
It is only a convenient ore recipient, and not found to
carry ore (in these mountains) unless it is penetrated
by intrusive bodies of eruptive porphyry. For example,
in the beautiful Cafion of the Grand River, between
Dotsero and Glenwood Springs, we pass through a gorge
for some twenty miles or more, whose walls are formed
of Paleozoic strata, including this “Blue Limestone”
resting on granite, but throughout this cafion we look for
evidences of ore bodies, mines, or prospect holes, but fail
to see any until we reach Aspen, when these suddenly
appear in abundance. This is due to the absence
of porphyry intrusions in the one case and their presence
in unusual quantities in the other. In the latter case
also there is evidence of great uptilting, folding and
faulting of the strata and general dvnamic movements.
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Take another instance, the Mesozoic rocks of the
plains and the foot hills, including the Jura-Trias and
the C(retaceous shales, sandstones and limestones are
there devoid of ore bodies; but in the Gunnison Region
around Crested Butte, Ruby, Irwin and Treasury Moun-
tain, where these same rocks are highly metamorphosed
and intensely penetrated by igneous porphyries, there is
an abundance of ore.

Reviewing the ore occurrences in proof of the state-
ment that ore bodies may and do occur in rocks of all
geological periods, provided certain conditions are pres-
ent, the Archean ore bodies in the granitic and gneissic
rocks are illustrated by the fissure veins in Boulder, Gil-
pin and Clear Creek Counties. These are usually at
contact with, or in the neighborhood of, eruptions of
porphyry, for even the granite is not by itself notable as
an ore producer. unless there are porphyry intrusions
somewhere in the mass. (Fig. 82)

FIG. 82—VOLCANIC CONGLOMERATE ON ERODED ALGONKIAN
QUARTZITES, SAN JUAN, COLO.

Schists and quartzites of the Algonkian period lying
next in geological order on the granite, are developed
locally here and there throughout the mountains, as in
South Boulder and Coal Creek cafions in the Front
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Range, others near Salida in the Arkansas Valley, and
a large body between Ironton and Ouray, in the San
Juan. A vast area of schists and quartzites, also proba-
bly of Algonkian age, occurs in the Gunnison Region,
near Iris and along the Tomichi. In nearly all these
localities are signs of ore, and in some cases, as in the
Gunnison, strong ore bearing veins accompanied by dikes
of igneous rock.

Unconformably on the Algonkian are the Cambrian
quartzites, the lowest in order of the Paleozoic sedi-
mentary series. These are locally gold bearing, as in the
Ground Hog mine and other mines at Red CIiff, and in
Buckskin Caifion, South Park. Silurian limestone above
this carries silver-lead ores in several mines in Park
County, in the Mosquito Range.

The Lower Carboniferous is represented by the ore
deposits of Leadville and Aspen associated with intrusive
porphyry, and at Leadville ore zones are found in all the
formations from the Weber Grits to the Cambrian rest-
ing on the granite beneath.

The Weber Grit series of the Middle and Upper Car-
boniferous is represented by the mines of Robinson and
Kokomo. The strata there are intensely penetrated by
intrusive porphyry sheets and dikes.

Numerous copper impregnations occur in the Jura-
Trias rocks notably in the La Sal Mountains on the bor-
der line between Colorado and Utah, where deposits of
uranium also occur. The Silver Reef of Utah is also in
this period.

The “gold belt” of Ouray, as at the American Nettie
mine, is in cavernous deposits in the metamorphosed
sandstones of the Dakota Cretaceous period, accompanied
by the intrusion of igneous dikes and sheets.



94 GEOLOGY OF WESTERN ORE DEPOSITS.

The Colorado Cretaceous is penetrated by galena
veins in the Gunnison Region near Schofield.

Shales of the Montana-Cretaceous, altered into slates
on Treasury Mountain in the Gunnison Region near
Crested Butte, are traversed by numerous lead-silver
veins, associated with dikes and intrusive porphyry sheets
and laccolites,

Coal-bearing strata of the Laramie Cretaceous have
fissure veins in them near Irwin and Ruby, with, it s
said, coal on one wall, a porphyry dike on the other, and
a contact silver vein between.

The Tertiary period in Colorado is represented by
ore occurrences in eruptives poured out at the time, as
at Cripple Creek, Silver Cliff and the San Juan region.

Lastly the Quaternary period is mineralized by the
gold placers in which gold may occur from “grass roots”
down to bedrock.

Thus in Colorado alone, every known geological
period is represented by some kind of ore occurrence, and
we might still further illustrate this if we included other
regions in the great West.

It must be remembered that a rock in which a vein
is found does not necessarily correspond with the geo-
logical age in which that fissure was opened and vein
formed. For example, our fissure veins in the Archean
granite were not necessarily formed in the Archaan age,
but may be as recent as the end of the Cretaceous. Sim-
ilarly with other rocks; the ore deposits of Leadville,
although occurring in Carboniferous limestones, are not
of Carboniferous age, but more probably of much later
date. A vein is necessarily of later date than the rock
in which it is found.
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Let not the miner or prospector conclude from this
that ores are to be found “most anywhere,” and “that
gold is where you find it,” and that you are as likely to
find a fissure vein in digging a post hole out in the prairie
as anywhere else.

There is the all important proviso that ores may
occur in any kind of rock, of any or all geological periods,
if certain concomitant conditions are present. These are
principally : dynamicﬁiggyg_b\allce. metgmorphic or igneous
heat and the presence of eruptive rocks.”



CHAPTER VIL

MODE OF OCCURRENCE OF MINERAL DEPOSITS.

Beds. “Ore beds are metalliferous deposits inter-
stratified between sedimentary rocks of all geological
ages.” “They lie parallel to the planes of stratification,
and follow all the contortions of the enclosing strata, hence
they are thrown into folds, troughs, arches, saddles or
basins. The upper portions of the arches may often have
been removed by erosion, or the strata may be faulted.”
“The characteristic feature of a bed is that it is a member
of a series of stratified rocks, and as such was laid down
or formed after the rocks on which it rests and before those
which lie on its top. This peculiarity at once distin-
guishes a bed from a true vein.” Often there are no sharp
limits between an ore bed and the enclosing rocks. The
ore appears to impregnate the surrounding rock by a
chemical interchange between the elements of the rock
and the ore. Such a “metasomatic” interchange appears
to have taken place in the silver-lead deposits of Lead-
- ville and Aspen between the ore and the limestones. Ac-
cording to Phillips, “A true ore bed never produces a
‘combed’ or ‘ribbon’ structure made up of symmetrical
layers such as is common in so called ‘true fissure veins,’
and it is usually without the crystalline texture observ-
able in veinstones.”

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

Thickness. The thickness of ore beds varies much
and the bed may gradually thin out and disappear, but
may also persist enough for all mining purposes.

Dip. The inclination of the floor from the plane of
the horizon is its dip. It may be expressed in percent-
age or in degrees. If the floor is parallel with the hori-
zon there is no dip, but horizontal beds are of rare occur-
rence because the disturbance causing- tilting, bending
and folding since the formation of the beds has been al-
most universal. The dip of beds may vary from almost
zero to verticality, and may be observed in mine work-
ings, or where a bed has been exposed on the side of a
cafion.

Strike. The horizontal direction of a bed at right
angles to its dip is its course or “strike”. This will cor-
respond with the bottom of a tunnel without grade fol-
lowing the deposit.

Country Rock. The rock enclosing beds or veins is
called “country rock.” The portions in direct contact
with a vein are called the “hanging wall,” and the “foot
wall”” Of course a vertical fissure vein can have
neither roof nor floor, but only two walls.

Veins. According to Von Cotta, a vein is the filling
of a fissure. Phillips divides veins into two classes, regu-
lar and irregular veins. ‘“Regular unstratified deposits
include true veins, segregated veins and gash veins. Ir-
regular deposits include impregnations, fahlbands, con-
tact and chamber deposits.” Mineral veins are
changeable in character, and of a complicated na-

4
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ture. There is a gradual passage from one form
to another, 8o that classification is difficult. Nature abhors
straight lines and sharp distinctions, and delights in
blending one form imperceptibly with another. Veins
are usuvally filled fissures formed in country rocks after
those rocks had more or less consolidated. The popular
term, “true fissure vein,” for an ore deposit is vague and
unscientific, for ores may occur in a variety of circum-
stances other than so-called true fissures, such as in
shearage zones, in zones of multiple fracture, in decom-
posed dikes, in impregnated schists, at the intersection
of faults or at contact between eruptive and other rocks.
All veins do not carry metals; some are merely barren
quartz, feldspar or calcspar. Veins may divide, split up
or thin out, and are irregular in shape and structure,
owing to the character of the fissures or other causes.

Dikes. Fissures filled with eruptive rocks such as
the porphyries, diorites, etc., are called “dikes,” or, if
more or less horizontal, “intrusive sheets.”

Lode. Lode is a more general term than vein or
dike. It may designate simply a filled fissure or a zone
of closely spaced fissuring, with possibly more or less im-
pregnated or replaced country rock. As used in the acts of
Congress, it is applicable to any zone or belt of mineralized
rock, lying within boundaries clearly separating it from
the neighboring rocks. It therefore covers all true veins
as well as bedded deposits.

Dip and Strike. As in beds, the inclination of a vein
from the plane of the horizon is its dip and the horizontal
direction of the vein at right angles to its dip is its course
or “strike.” Both dip and strike of a vein often vary
much, the former with depth, the latter with extension
across the country. A vein will not infrequently begin
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with a gentle dip, and steepen rapidly with depth. The
ore deposits in Aspen Mountain commonly begin with a
dip of 25° and at a depth of less than a thousand feet
reach 60° or more. On a hill slope a vein may begin with a
reversed dip, owing to the downward pressure of the hill
side, and with depth into the hill dip in a contrary direc-
tion, and with increased depth gradually straighten up.
The angle of dip is taken from the horizontal, not from
the perpendicular. Thus a dip of 75° means one that
is very steep, while a dip of only 10° is a gentle inclina-
tion. In Colorado nearly all our ore deposits, even the
bedded class, dip more or less steeply, from 25° to 75°.

Outcrop. The outcrop of an ore deposit is that which
appears at the surface. Sometimes it may be, as in the
San Juan district, a vein of hard, white or rusty quartz,
standing up in relief, by its (Fig. 83) superior hard-
ness, like a low wall, above the surrounding country. Or
again, in the same district, being composed of softer or
more soluble substances than the prevailing lava sheets.
it causes a depression or trough in the side of a hill.
forming the pathway for a rivulet and marked by luxuri-
ant vegetation. When this depression crosses the sum-
mit or profile of a mountain it leaves a well defined notch
in the outline. By carefully looking for such notches a
prospector may often detect or trace the passage of a
vein. Commonly the outcrop consists of a decomposed
mass of rock stained with oxide of iron, green or blue
carbonate of copper, and sometimes, as at Cripple Creek,
with purple fluorite. Such stains may occur without ac-
companying ore. This stained decomposed rock is called
by the miners “gossan” or “blosgom.” In this “blossom”
free gold is not unfrequently found, but unaltered sul-
phides, such as galena or iron pyrites are rarely met
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with on the outcrop. In the San Juan Mistrict, on Min-
eral Point, however, we have found galma at the grass
roots, and broken off large chunks of it from a quartz
vein outcropping on the surface. The same eccurs at the
Wilcox mine at Ymir, British Columbia, and, im other
places. An oxidized condition is desirable in gold bear-
ing veins, for so far as it continues the gold is free, and
the ore free milling