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SYNOPSIS OF PART 1.

CHAPTER I.—INTRODUCTION.

The Cripple Creek gold deposits, discovered in 1891, were investigated by Messrs.
Cross and Penrose, of the United States Geological Survey, in 1894. The present
reexamination was requested by citizens of Colorado, and has been carried out
under the financial cooperation of the State with the Federal Survey. It has
involved complete revision of the topographic map of the district used as a base by
Cross and Penrose, the running of a line of accurate levels from Colorado Springs to
Cripple Creek, remapping of the geology, and a thorough study of the extensive
mine workings opened during the past ten years. Due acknowledgment is made of
the cordial assistance rendered by mining men, and a list is given of the important
publications concerning the geology or mines of the district.

CHAPTER II.—GENERAL GEOLOGY.

Results of first geological survey of the district.—The Cripple Creek hills lie near
the eastern border of a much dissected plateau which slopes gently westward for 40
miles from the southern end of the Colorado Range, dominated by Pikes Peak, to
the relatively low hills connecting the Mosquito and Sangre de Cristo ranges. The
prevailing rocks of this plateau are granites, gneisses, and schists. The granites
inclose masses of Algonkian quartzite and are therefore post-Archean; but they are
older than the only Cambrian sediments known in Colorado. During Tertiary time
volcanic eruptions broke through these ancient rocks at several points and piled
tuffs, breccias, and lavas upon the uneven surface of the plateau. The eruptive
rocks of the Cripple Creek district are the products of one of the smaller isolated
volcanic centers of this period, a center characterized by the eruption of phonolite,
which does not occur elsewhere in this general region.

The most voluminous products of the t‘ripple Creek volcano now preserved are
tuffs and breccias. They occupy a rudely elliptical area in the center of the district,
about 5 miles long in a northwest-southeast direction and about 3 miles wide.
According to Cross, these breccias and tuffs rest in part upon an earlier flow of
andesite, but mainly upon an unevenly eroded surface of the granites and schists.
The breccia is much indurated and altered, but was thought by him to consist
mainly of andesitic fragments. The most characteristic massive rock of the Cripple
Creek volcano is phonolite. It occurs as dikes and masses in the breccia and in the
surrounding granitic rocks.

The general succession of igneous rocks, according to Cross, is as follows: The
earliest rocks were andesites containing some orthoclase. Then came a series of
allied phonolitic rocks, rich in alkalies and moderately rich in silica, together with
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2 GEOLOGY AND GOLD DEPOSITS OF THE CRIPPL]Z‘} CREEK DISTRICT.

some andesites. Among them are trachytic phonolite, nepheline syenite, syenite
porphyry, phonolite, mica andesite, and pyroxene andesite. Phonolite was erupted
* at several periods. The nepheline syenite he considered as probably younger than
the trachytic phonolite. At the close were intruded a small number of narrow
dikes of basic rocks, the so-called basalts, which contrast very markedly with the
phonolite.

Modification of earlier results.—The present investigation indicates some neces-
sary modifications of the earlier report in the way of stronger emphasis on the
intimate genetic relationship of the rocks. The “phonolite,” “nepheline syenite,”
“trachytic phonolite,” “syenite porphyry,” and ‘‘andesites” of Cross are all very
closely related and have been found to be in most cases so closely connected by
intermediate types as to be practically inseparable. None of the massive rocks
can properly be called andesite, and although it can not be affirmed that andesitic
fragments are entirely absent from the usually much-altered volcanic breccia, the
term ‘‘andesitic breccia’’ does not seem applicable to this formation as a whole,
which is composed chiefly of fragments of phonolitic rocks accompanied locally by
much granite, gneiss, or schist detritus.

None of the massive rocks erupted from the Cripple Creek volcanic center and
now preserved in the district show any evidence of having been surface flows. They
are for the most part intrusive porphyries, ranging in texture, however, from the
granular so-called nepheline syenite near the town of Independence to the nearly
aphanitic phonolite of the smaller dikes and sheets. Most of them come under the
designations phonolite, latite-phonolite, trachydolerite, and syenite.

While the breccia may in a few places rest upon an uneven surface of erosion,
it occupies in the main a steep-walled chasm extending to unknown depth and
constitutes a typical voleanic neck.

The rhyolite of Grouse Hill and Straub Mountain is intrusive into the associated
grits of this part of the district. The grits can not, therefore, be correlated with the
Miocene High Park lake beds, and this modifies somewhat the argument from which
Cross deduced the probable Miocene age of the Cripple Creek volcano.

Structure of the district.—The pre-Cambrian crystalline complex which forms
the general plateau of the region was perforated by a volcanic explosion. The deep
pit thus formed was filled with a breccia composed of fragments of phonolite and
allied rocks and of granite, gneiss, and schist. The walls of the pit are steep and
rather irregular. They exhibit local bench-like flattening and in some places over-
hang the breccia. The breccia occasionally shows an indistinct and nonpersistent
bedding or banding and its constituent particles vary widely in size.

The breccia is cut by intrusive bodies of syenite and trachyphonolite, these
two rocks showing frequent gradations from one to the other. The intruded bodies
are usually of very irregular shape and have been peripherally shattered to such a
degree that their contacts with the breccia are very obscure. These rocks generally
form stock-like masses or thick, irregular sheets. The breccia is also cut by numer-
ous dikes of phonolite, and this rock forms intrusive sheets and masses of consider-
able size in the prevolcanic crystalline rocks. Beacon Hill is a conspicuous example
of a plug of phonolite in granite. '
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CHAPTER III.—DESCRIPTION AND PETROLOGY OF THE METAMORPHIC AND IGNEOUS
ROCKS.

The rocks of the district are chiefly of metamorphic and igneous origin. Two
broad divisions may readily be made: (1) The pre-Cambrian metamorphic and
igneous basement complex and (2) the products of the Tertiary Cripple Creek
volcano.

The metamorphic rocks comprise a much foliated quartz-muscovite-fibrolite
schist, which was probably derived from sedimentary rocks, and a biotite gneiss
derived from a granitic rock. Of the ancient igneous rocks two groups may be dis-
tinguished. The first group comprises three varieties of granite, which are closely
related in composition and have been named, in order of probable age, the Pikes
Peak type, a coarse-grained quartz-microcline-biotite granite, the most abundant
rock of the whole region; the Cripple Creek type, a finer-grained rock of similar
composition, and the Spring Creek type, of medium grain, composed mainly of
quartz and orthoclase, with a little muscovite. An interesting feature of these
granites is the presence of fluorite, which is probably original. The second group
includes the products of differentiation from an olivine-syenite magma. The pre-
dominant rock is composed of microperthite, diallage, and olivine, with accessory
quartz. The other rocks are an olivine gabbro, with a doleritic contact phase
which establishes a close relation to the olivine-bearing diabase dikes which cut
the granite in many parts of the area.

Tertiary volcanic rocks afford a striking example of the chemically related
products of a single center of eruption. The most abundant and characteristic of
these rocks is phonolite. Next in importance is latite-phonolite, which consists
essentially of soda-orthoclase, sodic plagioclase, sodalite, nosean, analcite, sgirine-
augite, and augite. A syenite rich in alkalies and containing orthoclase, augite,
and hornblende as essential constituents is the third member. A trachydolerite
composed of plagioclase, orthoclase, analcite, augite, and biotite is the least abun-
dant of the rocks occurring in irregular intrusive masses. Three varieties of rocks
occur as dark basic dikes. These are (1) trachydolerite, (2) vogesite, and (3)
monchiquite.

These Tertiary rocks are mentioned above in the order of decreasing silica. In
spite of wide variations in texture, mineralogical character, and chemical compo-
sition an intimate connection or consanguinity exists between all these rocks, of
which some of the manifestations are the almost invariable appearance of ortho-
clase and analcite as the final products of crystallization and the remarkably
constant ratio of silica to alumina. All these volcanic rocks have unquestionably
been derived from the same magma and constitute an excellent example of mag-
matic differentiation within a confined petrographic province.

Owing to simple structural relations the composition of the average rock of
the Cripple Creek volcano can be computed and is found to be close to that of
phonolite.



4 GEOLOGY AND GOLD DEPOSITS OF THE CORIPPLE CREEK DISTRICT.
CHAPTER IV.—GENERAL MINERALOGY OF THE DISTRICT.

A list of well-established vein minerals includes the following species:

Calaverite. 2 Tetrahedrite. Rhodochrosite.
Sylvanite. Hiibnerite. Barite.
Krennerite. Quartz. Celestite.
Pyrite. Chalcedony. Wavellite.
Molybdenite. Opal. " Adularia.
Sphalerite. Fluorite. Sericite.
Galena. Calcite. Roscoelite.
Stibnite. . Dolomite.

Among the more important secondary minerals due to oxidation are:

Gold. Psilomelane. Gypsum.
Emmonsite. Molybdite. Chalcanthite.
Limonite. Alunite. Epsomite.

CHAPTER V.—HISTORY AND TECHNOLOGY OF THE GOLD DEPOSITS.

Earlier work.—The excellent work of R. A. F. Penrose, jr., was done at a time
when there were no deep workings in the district. That his results should require
some slicht modification in the light of present facilities for investigation was to
be expected.

History of mining development.—Ore found by Robert Womack in Poverty
Gulch drew E. M. De la Vergne and T. F. Frisbee to the district in December, 1890.
They returned in February, 1891, and recorded the first mining location. On July
4 of the same year W. S. Stratton located the Washington and Independence claims,
and in the rapid development of the district that followed the Independence mine
soon attained great prominence. It was rivaled, however, by the Portland, now
the largest mine in the district. Two railroads were completed into the district
in 1893, and a third in 1901. There have been two periods of depression due to
labor strikes, one in 1894 and another in 1903—4. The most important recent event
in the history of the district was the opening of the El Paso tunnel in 1903, enabling
several of the mines to extract ore previously below the water level.

Production.—The district has produced, to the end of 1905, $124,415,022 in
gold and 646,193 fine ounces of silver, the maximum production having been reached
in 1900. .

Mining.—The ore is broken by overhand stoping and is usually hoisted by
steam through vertical shafts. It is generally screened, the screenings as a rule
constituting the richest part. The coarse ore is washed and hand sorted. The
total cost of mining, including development and sorting, is probably nowhere less
than $8 per ton.

Sampling.—The district is well provided with sampling works, and through
these nearly all the ore passes in its course from mine to reduction works. The
sampling charges, exclusive of freight, range from 60 cents to $1 per ton.

Processes of reduction.—Probably about one-sixth of the tonnage of ore mined
at Cripple Creek goes to the smelters at Pueblo and Denver. This is the richest
ore. The balance of the product is treated in chlorination and cyanide mills at
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Florence, Colorado City, and elsewhere. In 1904 the charges for treatment at the
mills ranged in the lowest schedule issued from $5.50 per ton for half-ounce ore to
$9 per ton for 3 to 5 ounce ore. This included freight from mine to mill.

Labor conditions.—The minimum wages for ordinary miners are $3 for an eight-
hour day. Conditions of work and living are good, but the district has suffered
from two serious conflicts between mine owners and miners.

Financial conditions.—While there are several large companies operating in
the district, many small mines are under individual ownership, and there is much
leasing, with royalties ranging from 15 to 35 per cent of the net returns. A tend-
ency exists to organize companies at capitalizations greatly in excess of the prob-
able value of the prospects which it is proposed to develop. Very few companies
have been organized with less than $1,000,000 capital, and very few mines have
yielded the amount of their capitalization in dividends. The fascination of a min-
ing venture tempts investors to accept a rate of interest on their capital which is
lower than it should be when the uncertainties of ore bodies and the usual limited
life of a mine are taken into consideration. The costs of mining and treatment at
Cripple Creek are high and do not always compare favorably with those prevailing
in other districts that labor under no greater disadvantages.

Extent of productive territory.—There is nothing in the history of the district
since 1894 warranting any extension of the bounds of the productive territory as
then known. All the important mines lie within a circle of 6 to 7 miles in diameter.

CHAPTER VI.—PRELIMINARY REVIEW OF THE MINING INDUSTRY.

. Distribution.—In Poverty Gulch, near Cripple Creek, are the Abe Lincoln,
Gold King, and C. O. D. mines. On Globe Hill, east of the town, are numerous
properties belonging to the Stratton estate. Gold Hill, southeast of Cripple Creek,
contains the Anchoria-Leland, Moon-Anchor, Half Moon, Midget, Conundrum,
and other mines. Near the town of Anaconda are the Anaconda, Doctor-Jackpot,
Morning Glory, and Mary McKinney mines. Around the phonolite plug of Beacon
Hill are the El Paso, C. K. & N., Gold Dollar, Prince Albert, and many smaller
mines. On the south slope of Raven Hill are the Elkton and Moose mines.

On the east and southeast side of Blue Hill a very important belt of mines,
extending from Altman through Independence to Goldfield, includes the Isabella,
Victor, Pharmacist, Zenobia, Findley, Hull City, Vindicator, Lillie, Golden Cycle,
Logan, Orpha May, Blue Bird, Last Dollar, and other well-known properties.

On the south slope of Battle Mountain and extending into Victor is the great
group of mines embracing the Portland, Stratton’s Independence, Strong, Ajax,
Granite, Dead Pine, Gold Coin, and others.

Extent of underground development.—The productive part of the district con-
tains over 20 shafts more than 1,000 feet in depth and is intersected by very numer-
ous and extensive drifts and crosscuts. :

Placers.—These were never very extensive, although they produced a fair
amount of gold in early days. There is probably still ground on the southwest
slope of Mineral Hill which would pay were water available for washing.
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CHAPTER VII.—STRUCTURE OF THE GOLD DEPOSITS.

Principal types of deposit.—The ore bodies are in almost all instances causally
related to fissures. They comprise (1) lodes or veins and (2) irregular replacement
bodies, usually in granite. These two types are not sharply distinct. All of the
ore deposits are characterized by the narrowness of the fissures which gave passage
to the ore-bearing solutions and by the comparatively small volume of material
deposited in these fissures.

Lode fissures.—These occur mainly within and near the volcanic neck, and
have a rough radial plan. They are usually nearly vertical, although there are
some notable examples of productive ‘‘flat veins.” Individual fissures rarely
exceed half a mile in length, but some well-defined zones of fissuring are traceable
for twice that distance. Some of the most productive fissures are less than 300
feet in length. The persistence of a fissure down the dip is roughly proportional
to the length of the same fissure. In general the fissures seem to be smaller and
less abundant in depth than near the surface.

Productive lodes occur in all the rocks of the district, with the possible excep-
tion of the schist. They are most abundant in breccia and in granite. Many lodes
follow phonolitic or basic dikes. _

The structure most characteristic of the Cripple Creek lodes is the sheeted
zone, which occurs in various degrees of regularity and in widths ranging from a
few inches to over 100 feet. The fissures of the zone are usually very narrow,
although there are a few notable exceptions to this rule. Evidence of tangential
movement or faulting along the fissures is rare.

Intersections of one fissure zone by another are common and usually show no
visible displacement. In general the fissures are not fault planes, although there
are some exceptions to this statement.

The fissures were probably formed about the same time as the intrusion of the
basic dikes and represent a late phase of volcanic activity. They were probably
opened under relatively light load by local compressive stresses due to a slight
subsidence of the solidified breccia and associated intrusive rocks forming the

volcanic neck.
CHAPTER VIII.—THE ORES.

The characteristic feature is the occurrence of the gold in combination with
tellurium and chiefly as calaverite. Native gold is present in the unoxidized ores
only as a rarity. Pyrite is widely distributed in the country rock and also occurs
in the veins, with tellurides. Galena, sphalerite, tetrahedrite, stibnite, and molyb-
denite are sparingly present. Among the gangue minerals quartz, fluorite, and dolo-
mite prevail; celestite is also often present, but is frequently changed into quartz.
The ore occurs chiefly as filling of narrow fissures, and consequently the ores as
mined have the approximate composition of the country rock. The average
tenor of gold in the ores is about $30, or 1.5 ounces per ton, and at various mines
ranges from 1 ounce up to 3 or 4 ounces. Ore with less than $12 per ton is rarely
mined. Small amounts of ore with up to 2,500 ounces of gold per ton have been
mined. The pyrite is rarely auriferous except when admixed with tellurides.




SYNOPSIS OF PART I. 7

The ores contain on an average only about 1 ounce of silver to 10 ounces of gold.
In some mines the proportion is very much less. Small shipments have been
made of tetrahedrite ore rich in silver.

The tenor of the ore as mined has decreased somewhat in the last ten years,
but this is probably mostly due to lowered operating and reduction expenses.

CHAPTER IX.—PROCESSES OF ALTERATION.

Metasomatism in connection with vein jformation.—During the vein-forming
processes the rocks adjacent to veins have undergone a certain amount of alteration,
and in case of the porous breccia this alteration has spread over large areas. The
alteration is, on the whole, slight and involves a transformation of the dark silicates
to carbonates, pyrite, and fluorite and a change of the feldspars and feldspathoid
minerals into sericite and adularia. The latter mineral is characteristic of all the
altered rocks, but especially of the so-called ‘““granitic ore” of the Elkton, Ajax,
Stratton’s Independence, and other mines. Calaverite develops in places by meta-~
somatic processes in breccia, gneiss, phonolite, and basic dikes, but its appearance
in this form is rare, compared to its universal occurrence as fissure filling. Galena,
zinc blende, and other sulphides sometimes appear as metasomatic products, but
are not common. Chemically the process, when carried to completion, involves
an almost entire loss of soda and a corresponding gain of potash. Small amounts
of sulphur, carbon dioxide, and fluorine are introduced. The percentage of silica
is slightly reduced, and lime and magnesia have often been partially removed.
The course of the alteration, which is shown to have been produced by hot alkaline
waters, is illustrated by several analyses.

Ozidation.—The oxidation away from the vicinity of veins has not penetrated
to great depths. Globe Hill is an exception, for here complete oxidation has affected
the breccia to a depth of at least 800 feet below the surface. Along the veins
oxidation extends far deeper, in some cases down to 1,200 feet below the surface.
The water level originally stood at an elevation of about 9,500 feet, rising to 9,600
or 9,700 feet under Bull Hill. In a general way the depth of oxidation along veins
coincides with the depth of the water level. There are many exceptions; in the
western part of the district unaltered tellurides may be found close to the surface,
while in other cases complete oxidation extends for 200 or 300 feet below the water
level.

Oxidation tends to destroy the original structure of the vein and changes the ore
to a brown, soft, and homogeneous mass. Oxidation tends also to transform tellu-
rides into brown, spongy gold and tellurites, while sulphides are altered to various
oxy-salts. The silicates are changed to kaolin, quartz, manganese dioxide, and
limonite. The agent producing oxidation is atmospheric water percolating down-
ward along the vein and the process continues until this water has lost its oxygen.
The waters are acid, due to the sulphuric acid derived from pyrite. The results
of oxidation are illustrated by several analyses. No evidence favoring the deposi-
tion of secondary sulphides has been found. The tetrahedrite supposed by some
to be of such origin is a primary vein mineral.
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CHAPTER X.—THE ORE SHOOTS.

As a rule the ore in the veins occurs as well-defined shoots similar to those of
other gold veins; their limit in depth is ordinarily as well marked as their extent
in a horizontal direction. In discussing the shoots the terms pitch length, stope
length, breadth, and width or thickness are adopted and defined.

The shoots are generally tabular, elongated bodies dipping at steep angles from
the horizontal on the plane of the vein. The width varies from a few inches to 50
feet, 4 to 5 feet being a common size. The stope length in an ordinary shoot varies
from 50 to 300 feet, and in rare cases attains 2,000 feet. The pitch is steep, ranging
from 45° to 90° and is generally northward. An average of the pitch length in the
large shoots would probably be 500 feet, but in a few shoots this dimension attains
1,500 feet, and in others the total length of the shoot has not yet been ascertained.
While the outline is sometimes equidimensional, or again wholly irregular, elongated
forms with ratio between pitch length and breadth of from 1%:1 to 5:1 prevail.
When one shoot ceases in depth, another may be found below it upon the same or
adjoining fissure.

Absolute and truncated pitch lengths are dlstmgulshed In the latter case
the upper part of the shoot has been removed by erosion.

The influence of country rock is very slight, as excellent shoots occur in granite,
gneiss, breccia, latite-phonolite, phonolite, syenite, and basic dikes. Breccia is, on
the whole, the most favorable rock on account of its porosity. The smaller ore
shoots are very commonly found at intersections of fissures or fissure systems, but
this factor is by no means the only one nor the most important one. The largest
shoots are entirely independent of intersections.

There is no decrease in the value of the ore per ton in depth, but the quantity
of ore available is distinctly less below the 1,000-foot level, irrespective of the eleva-
tion of the surface. Difficulties of exploration and development may to some extent
account for this, but another influencing factor is that in many cases the fissure
system is less well developed in depth. In addition to this explanation it is likely
that for reasons related to temperature and solubility precipitation of ore took place
more abundantly nearer to the surface.

CHAPTER XI.—GENESIS OF THE DEPOSITS AND PRACTICAL CONCLUSIONS.

Oraigin of the ores.—The waters which deposited the Cripple Creek veins were hot
alkaline solutions which contained the following compounds and ions either free or
in various combinations: SiO,, CO,, H,S, CO,, SO,, S, Cl, F, Fe, Sb, Mo, V, W, Te,
Au, Ag, Cu, Zn, Pb, Ba, Sr, Ca, Mg, Na, K. We believe that at least some of the
8i0,, SO,, Cl, Fe, Ba, Sr,Ca, Mg, Na, and K are derived from the volcanic rocks by
leaching of waters, while the remaining metals, as well as CO,, H,S, S, and some SiO,
and Cl, were more probably separated from intrusive cooling magmas at considerable
depth and brought up as solutions in magmatic water given off in the same manner.

It is concluded that the formation of the veins took place shortly after the intru-
sion of the last basic dike. The temperature at the time of deposition was high,
but the critical temperature of water was probably not exceeded. It is shown that
the igneous rocks contain primary water and the conclusion is drawn that the magna




SYNOPSIS OF PART I. 9

was correspondingly rich in water. The question of the derivation of the vein
minerals is discussed; derivation by leaching from the granitic or the volcanic
rocks by cold or hot atmospheric waters is shown to be improbable. The view
that most of the water and most of the substances contained in the veins were
given off by intrusive bodies slowly cooling at considerable depth and were forced
up through the upper part of the volcanic mountain as soon as the formation of
fissures allowed them to rise is considered more plausible. The waters ascended
in the deeper part of the volcano with comparatively great velocity on the fewer
fissures here available. Nearing the surface they spread through a larger space in
a more complicated fissure system. The speed became checked and conditions for
precipitation improved. Deposition and the chemical action of the country rock
changed the composition of the solutions and a mingling with fresh ascending
waters, possibly also with atmospheric waters, induced further precipitation. In
this manner are explained the smaller amount of ore deposited in depth and the
richness and abundance of ore nearer to the old surface. The portion of the volcano
removed by erosion may have contained still richer deposits.

Future of the district.—It is probable that the production of the district, while
exhibiting fluctuations, will on the whole slowly decline. New ore bodies will
undoubtedly be discovered from time to time, and individual mines may be as
profitable in the future as they have been in the past, or even more so. An increased
output may be expected to follow each successful step in deep drainage. But
existing conditions indicate that if the maximum production of $18,000,000 in 1900
is to be surpassed the increase will be due to the ore bodies encountered in a zone
within 1,000 feet of the present general surface.

CHAPTER XIIL.—UNDERGROUND WATER.

Although the annual precipitation at Cripple Creek is not heavy and the condi-
tions for rapid run-off are unusually favorable, standing water was originally
encountered in the mines at moderate depths. At the beginning of mining opera-
tions the underground water surface stood at an elevation of about 9,500 feet in the
western part of the district and, on an average, fully 100 feet higher in the eastern
part. Several mines began pumping about the year 1895, but it was soon found
that this mode of lowering the water was slow and costly. . Attention was directed
to tunneling, and the Ophelia tunnel was driven into Gold Hill at an elevation of
9,268 feet. This tunnel drained the western part of the district until 1898, when
the Standard tunnel, over 200 feet lower, tapped the phonolite of Beacon Hill and
became the chief effluent. Finally the El Paso tunnel, with its portal at an eleva-
tion of 8,783 feet, was driven under Beacon Hill in 1903 and has since been the main
drainage outlet of the district. Prior to January 1, 1905, this tunnel is estimated
to have discharged about 3,550,000,000 gallons or nearly 15,000,000 tons of water.

The records of the pumping operations and tunnel projects show that the under-
ground water is for the most part held within open fissures and cavities in the rocks
of the volcanic neck. It is stored water, inclosed by the ralatively impervious rim
of granitic and schistose rocks that form the general Cripple Creek plateau, and has
been supplied by the rain and snow that fell upon the surface of the district.
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Drainage and pumping have both shown that the underground water does not
flow freely through the rocks in all directions. Neighboring mines in some cases
show marked differences in water level, and the drainage tunnels on the west side
of the district have but slightly benefited the mines on the east side. The behavior
of the water shows that the unfissured breccia is practically almost impervious and
that artificial drainage affects only those parts of the district that are connected
by fissures with the tunnel or shaft whence the water is drawn off.

A movement is now in progress to begin a new drainage tunnel several hundred
feet below the El Paso tunnel. Knowledge of the number of gallons of water cor-
responding to a fall of 1 foot in the general reservoir would be of use in planning
future operations. Mr.S. W. Mudd estimated that a discharge of 66,684,683 gallons
corresponded to a general lowering of the water 1 foot. Mr. A. C. Jaquith estimated
that in April, 1904, the discharge from the El Paso tunnel, corresponded to a lower-
ing of the water 1 foot in the Elkton mine, was 34,839,775 gallons. The data on
which Mr. Mudd’s estimate was based, however, are necessarily very incomplete
and it is difficult to deduce, from the record of the Elkton, figures applicable to the
entire area drained. The quantity of water drained for each foot of fall is likely to
diminish with increase of depth, although it is probable that at a depth of 1,000 or
1,500 feet below the El Paso tunnel open fissures and shattered zones in the breccia
will still be sufficiently abundant to contain in the aggregate a large body of water.

CHAPTER XIII.—UNDERGROUND GASES AND TEMPERATURE.

(lases.—During the earlier years no unusual amounts of mine gases were noted,
but as the workings deepened several properties began to be seriously inconven-
ienced by a heavy gas which issued from the porous breccia or fine fissures. The
principal sufferers have been the mines west of Battle Mountain and Bull Mountain.
The gas has no smell or taste, but its presence is soon indicated by the fact that the
candles refuse to burn and by several forms of physical distress among those who
are obliged to work near the point where it issues. A number of fatal cases of suffo-
cation have occurred. The gas consists of a mixture of prevailing nitrogen with 8
to 15 per cent of carbon dioxide and 5 to 10 per cent of oxygen.

The gases carry much moisture and are warmer than the normal temperatures
of the mines. The emanations are generally most copious when the barometric
pressure is low, but they also exhibit fluctuations that are apparently independent
of the state of the barometer. The gases are believed to be the last exhalations of
the extinct Cripple Creek volcano. Probably the only effective way of combating
the evil is by working under an aif pressure slightly above the normal.

Underground temperature.—Numerous observations in the mines lead to the
conclusion that the average increment of underground temperature in the Cripple
Creek district is about 1° F. for each 60 feet of depth. There is thus no special
source of local heat that is likely to interfere with mining. As already mentioned,
" the mine gases have a temperature above that normal to the mines in which they

occur. :



GEOLOGY AND GOLD DEPOSITS OF THE CRIPPLE
CREEK DISTRICT, COLORADO.

By Warpemar LinperEN and FREDERICK LESLIE RANSOME.

PART .—GENERAL DESCRIPTIONS, DISCUSSION, AND CONCLUSIONS.
CHAPTER L.—INTRODUCTION.

FIELD WORK AND ACKNOWLEDGMENTS.

The Cripple Creek gold deposits were discovered in 1891. Shortly afterwards,
in 1894, an examination of the new district was undertaken by the United States
Geological Survey, Mr. Whitman Cross having charge of geology and petrography
and Mr. R. A. F. Penrose, jr., undertaking the examination of the mines. Their
report, accompanied by a geological map, was published in the Sixteenth Annual
Report of the Geological Survey, part 2, pages 1-207, and has for the last ten years
served as a useful and accurate geological guide to mining operations.

With the astonishingly rapid development of the Cripple Creek mines the
opportunities for geological study multiplied. Great complexity of vein phenomena
was thereby revealed and a desire arose for further investigation, particularly with
reference to the question of the persistence of the veins in depth. This desire found
expression in a request by citizens of Colorado for a reexamination of the district by
the United States Geological Survey and in an offer of cooperation, whereby the
cost would be equally divided between the State of Colorado and the national
Survey. The total cost of the geological work was estimated at $7,000, and one-half
of this amount, having been subscribed in Cripple Creek, Colorado Springs, and
Denver, was put in the hands of Mr. John Wellington Finch, State geologist of
Colorado, and by him disbursed as the State contribution. The cordial thanks of
the geologists in charge of the work are due to Mr. Finch for his hearty and efficient
cooperation. Of the State money, $780.22 was lost in a bank failure, but of this
amount $300 was refunded by the Mine Owners’ Association. It proved necessary
to make an additional allotment of $962.50 from the funds of the Geological Survey,
so that the total expense for field work from June 20, 1903, to May 1, 1904, amounted
to $7,482.28, of which $3,019.78 was contributed by the State and $4,462.50 by the
Geological Survey. The expenses of final office work, publication, and all topo-
graphic work excepting the level line from Colorado Springs to Cripple Creek have
been borne by the Geological Survey. ’

The reexamination began with a thorough revision of the topographic map of
Cripple Creek by Mr. R. T. Evans, Mr. E. M. Douglas in charge. This involved a
great deal of painstaking work, nearly every prospect hole being located, as well as
all shafts and tunnels. The new map is on the scale of 12 25,000, or about 2% inches
to the mile, and includes practically the same area as the old map, a small strip only

11
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being added on the western side, so that the total area mapped is about 40 square
miles. The small developments outside of this area did not seem to justify further
extension of the boundaries. Contours are 50 feet apart, and a numbered list of 324
mines is given on the margin of the sheet. A line of accurate levels was run to
Cripple Creek from Colorado Springs, thus settling the conflicting data of the differ-
ent railroads. A bench mark was established at the National Hotel at Cripple
Creek, in the south wall of which an aluminum tablet is set. The height of this is
derived from a point established by the Colorado Springs and Cripple Creek District
Railroad, the top of a nail in a cross-tie in front of the station, the elevation of which,

25 o 25 somiles

F16. 1.—Index map showing situation of Cripple Creek district.

as corrected in accordance with the adjustment of 1903 by the United States Coast
and Geodetic Survey at Colorado Springs, is accepted as 9,492.08 feet above mean
sea level. Dependent on this the elevation of the datum tablet is accepted as
9,495.136 feet above mean sea level. All permanent bench marks dependent on this
datum are marked with the letters ““C C”’ in addition to the figures of elevation.
The datum plane commonly accepted before this accurate work was done, and used
by Mr. V. G. Hills in his reports on the water conditions in the district, is 7 feet lower,
so that to obtain the correct elevation 7 feet should be subtracted from his data.
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List of points in the Cripple Creek district determined by accurate levels.
[N. 8. Bright, levelman, under the direction of E. M. Douglas, geographer.]
CIRCUITS IN CRIPPLE CREEK.

Feet.
Cripple Creek, opposite Midland Terminal station; top of rail ... .. ... ... ... ._..._.._.... 9,519.8
Cripple Creek, on southwest corner of City Hall; city bench mark....._._ ... ... _...._...... 9, 495. 551
Cripple Creek, National Hotel, 3 feet west of south entrance, stone foundation; aluminum tablet,
HHaTIeed 405 B O o st cn o e o s s R 5 g i e S B e M e B3 s 9, 495. 136
Cripple Creek, Teller County jail, in east end of stone doorsill, north entrance; aluminum tablet
MUKEd “OG10'C 16 Mo 5 koo o ol mime o s mmiasaisssimmeimtam .ot it o o St e i 9, 509. 546

CRIPPLE CREEK NORTHWEST AND NORTH, VIA RED MOUNTAIN UP SPRING CREEK, TO PIPE LINE;
THENCE SOUTH, VIA HOOSIER PASS, VISTA GRANDE, WINDY POINT, ELKTON, AND ANACONDA, TO
CRIPPLE CREEK.

. Feet.

Cripple Creek, northwest corner of West Carr and C streets, 3 feet west of telegraph pole, on sand-

POCK OUREOPS POIIEPOMIE < 5 o et e e et e s aem: o i s 5 i i s e i 9, 553. 81
Cripple Creek, 1.5 miles northwest of, on saddle, northeast foot of Mount Pisgah, 40 feet north of
road forks, near line of telegraph poles, in granite outcrop; aluminum tablet marked ‘9455

OO et o5 s 0 b e S iR S ST A S S e e o S S s 5 7 eSS e 9, 455. 440
Grand Review mine, 800 feet, west of, 25 feet south of road, and 275 feet west of road forks; paint

OIS OTUGEOTIEC, . S mcorcsm oo e 9 i Mot oo o 4 s oy sl srengs Bt il it o 9, 213. 606
Standard tunnel, 0.25 mile south of, 10 feet north of road; 50 feet north of Spring Creek, in rock

outerop; aluminum tablet marked] “9328 CO™. .. .. cvnonissmemoconns sams cmmsiomes 5o 52 0 - 9,327.928
Standard tunnel, mouth of; top of @ASEIHIL -t : - wemscscmn mm m s mir mntemm s mimmin G e mmisim mmsmbm 56 5 9,524.9
Midway dairy, 120 feet north of road, in rock outcrop; aluminum tablet marked “9817 CC” .. ... 9, 816. 810
Midway dairy, 1 mile east of, 1 mile south of Lincoln mine, 50 feet east of pipe line, in triangle of

roads; iron postiiarked 10088 CIC.. . v « v wx sovcuduss ww sin warwimmaeios Do s 3 s basad ¥e s.a s 10,087. 711
Tenderfoot Consol, southeast corner of gallows frame; nail in top of mudsill .. .. ... ... 10, 420. 67
The Friday, northeast corner of gallows frame; spikeincollar. ... ... ... _ ... ....... 10, 401. 25
Hoosier, northeast. corner of gallows frame; nail.._._ ... . . . ... ... ... ... 10, 378. 98

Hoosier Pass, between main line Colorado Springs and Cripple Creek District Railway and switch,
12 feet west of public road, between two posts supporting Hoosier Pass signboard; iron post

mprlced “LOBEE CI0Y 2 s v wh e Baltumams o 0s Srsmemimmns » 55 5 S EeEmgs g8 SEEss e o b s 10, 314. 743
Iron Clad, southeast corner of engineer room; nail in top of timber. .. .. .. ... . ... ... ... 10, 401. 36
Vista Grande, or Midway station, 13 feet west of Florence and Cripple Creek Railroad track, 1 foot

south of signpost * Vista Grande;”” iron post marked 10487 CC” . .. .. .. . ... .. .... 10, 486. 749
Windy-Point, lipper road crossing;; topiof south tafll .o puu v so smmsmstmsus di sossssmmse s s s 10, 444.6
War Eagle mine, southwest corner of gallows frame; nail ... .. ... ...l . ... ... ....... 10, 355. 91
Bull Hill, west mudsill gallows frame; mail. ... ... .. ... ... . iiiaao.. 10, 029. 98
Elkton, Elkton Consolidated Mining and Milling Company, in.stone foundation, south corner of

south stack; aluminum tablet marked 9734 C C* .. .. .. . 9,733.753
Anaconda, 400 feet south of Midland Terminal Railroad depot, 6 feet east of track, in wall of rock

cut; ‘aluminum tablet marked 9525/ C 0. ccoidovnonioe as sumsmmmemias s hes sEas RS 8 5 9, 524. 816
Anaconda, 1 mile northwest of, 450 feet north of Worlds Fair, 8 feet west of Midland Terminal

Railroad track, in granite outcrop; aluminum tablet marked <9534 CC” .. _....__. - 9, 534. 034

HEAD OF SPRING CREEK, VIA GILLETT, VICTOR PASS, AND GOLDFIELD, TO ELKTON.

Midway dairy, 1 mile east of, west side of divide and Cripple Creek road, on northeast side of curb-

ingto Cripple Creek pipe line; Dol i top. «.vomveiunmeus s sh mpemsisgams ¢ s s mspebsmss bs 10, 084. 685
Gillett, 1.25 miles east of, 100 feet south of road forks, claim 14888; nail in top of post 3. ...... ... 10, 049. 66
Lincoln, east side of gallows frame; nail ... ... ... 10, 068. 81
Gillett, 1.25 miles west of, 600 feet south of Lincoln mine, 20 feet west of road forks, in phonolite-

rock outerop; aluminum tablet marked 10021 CC*’ .. .. .. .. L iiiiiiiiiioo.. 10,021. 130
Gillett, in stone foundation of unfinished electric-light plant, in west wall 1 foot north cf southwest

corner; aluminum tablet marked ‘9940 C C? i uiccicnccacsaacccmnodcnonncnneannaae 9,939 742

13001—No. 54—06——3
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Feet.

Gillett, in front of Midland Terminal Railroad station; top of rail . .... ... ... .. ... ......... 9,934.3
Gillett, 1.5 miles south of, 60 feet east of track; chiseled cross. .. .. ........... ... .......... 9, 877. 40
Gillett, 2.5 miles south of, 1,000 feet south of milepost 17, in granite wall 8 feet west of Midland

Terminal Railroad track; aluminum tablet marked “984TCC” ... ... ... . . ... ....... 9, 840. 752
Milepost 18, 750 feet west of, at road crossing, 10 feet north of track; railroad spike in signpost

Corh el 2wt & Foi s A o E o et L e O U R S S AR D e it e g oW 9,878.06 -
Cripple Creek sampler, 0.5 mile north of, 20 feet west of road; cross cutinflatrock ............... 10, 123. 26
Cripple Creek Sampler and Ore Company, 425 feet east of, in Victor Pass, 12 feet south of Midland

Terminal Railroad track, 1 foot east of telephone pole; iron post marked “10202CC”.._ .. ... 10,201.976
Goldfield, north side of Ninth street, between Main and Portland, entrance to Red Mens Hall in

west end of stone doorsill; aluminum tablet marked “9903CC” - ._voom oo 9,903. 197
Goldfield, in front of Florence and Cripple Creek Railroad station (line continued along railroad).. 9,882.8
Stratton Junction; topiefmilroad frog. . o it 9,809. 1
Victor, in front of Colorado Springs and Cripple Creek District Railway station; top of rail..._ ... 9,707.7
Victor, Colorado Trading and Trust Company Building, northeast corner Diamond avenue and

Third street, in north end stone doorsill; bronze tablet marked “9718 CC”” .. ............. 9,717.748
Victor, in front of Florence and Cripple Creek Railroad station; topof rail ... ... _.___. .. .. 9,729.4
Victor, in front of Midland Terminal Railroad station; topof rail ... .. ... ... ... ... _..._.. 9,771.8
Victor, 0.9 mile northwest of, 100 feet north of switch back, east side of track; spike in telegraph

ool (SR IR R T e Dk (AL By e WSC IS SR DL ol P S S B T s s i 9, 842. 61

ANACONDA, WORLD’S FATIR MINE NO. 50, SOUTHWEST DOWN CRIPPLE CREEK ALONG THIRD-CLASS
ROAD; THENCE WEST TO PONY GULCH; THENCE NORTH-NORTHEAST TO CRIPPLE CREEK.

Feet.

Ophelia tunnel, west:entrance; itopiofmorthamil. 2. .. ol oot L sl ae vk e 9,268.9
Mound, 0.5 mile southwest of, west side of Cripple Creek, 200 feet south of road, in granite out-

crop; aluminamtablet:marked 0232 G L ri Ll o dL s i e e 9,231. 837
Field’s ranch, 0.75 mile southwest of, 200 feet east of road forks, on saddle, south side of Deadox

Gulch, in granite outcrop; aluminum tablet marked “9133 CC”. ... ... ............... 9,132,604
G. P. Taft’s cabin, 100 feet west of; nail in top of 20-inch pine stump ... .. .. .. ... ... ... 9,074. 88
Arlington dairy, 2,000 feet north of, west side of Pony Gulch, east side of road, in granite outcrop :

aluminum tablet marked “9113 CC”_.._..__.... oAl e . 9,112,852
Cripple Creek, 1.25 miles south of, 700 feet north of powder magazines, in road forks set in gramte

outerop; bronzetablet marked 9898 C O~ 1 oL i e iem e o 19,8028

The geological and mining work was undertaken jointly by the authors of this
report. Mr. L. C. Graton served as assistant throughout, participating most
efficiently in all branches of the work. Messrs. A. M. Rock and J. Bruce also ren-
dered excellent aid as draftsmen. Mr. Lindgren undertook the preliminary exami-
nation from June 24 to July 12, 1903, and finished the mining work during the three
months from February 1 to May 1, 1904. Mr. Ransome took the field from July 4
to August 4 and from August 19 to October 10, 1903; also from January 7 to Feb-
ruary 2, 1904. In a general way the mines of the southwestern part of the area
shown in the detailed map have been examined and described by Mr. Ransome.and
those of the northeastern part by Mr. Lindgren, but each of the authors has
visited all the important mines in the district. A number of smaller mines have
been described by Mr. Graton. The work of areal mappmg was undertaken by Mr.
Ransome, with the aid of Mr. Graton. |

To all the mine owners, managers, engineers, and other gentlemen interested
in the mining industry our sincere thanks are due for their cordial cooperation.
They have aided us by their experience and allowed us without reserve to inspect
their mines, to examine their maps, and to ascertain their output, and this friendly
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attitude has more than anything else assisted our work. Particularly do we desire
to express our appreciation of the many courtesies extended to us by the mining
engineers of the district, including Messrs. Countryman & Jaquith, Hills & Willis,
Haff & Colwell, Charles J. Moore, and James Smith, of Cripple Creek; and Messrs.
Davis & Byler and Bodfish & Atherton, of Victor. To the excellent professional
work of all these and to their hearty personal cooperation we are deeply indebted.
The chemical division of the Geological Survey has aided us by many detailed and
careful analyses, made by Messrs. W. F. Hillebrand, George Steiger, and W. T.

Schaller.
LITERATURE.

The following iist is intended to include the important publications on the Crip-
ple Creek district, particularly those having some geological or historical signifi-
cance. Articles of less value are scattered through mining journals, and consider-
able information is sometimes obtainable from special mining editions of the local
newspapers and from the published annual reports of a few of the larger companies,
such as the Portland and Stratton’s Independence.

LIST OF PUBLICATIONS ON THE CRIPPLE CREEK DISTRICT.

BanNcrorT, GEORGE J. Secondary enrichment at Cripple Creek. Engineering and Mining Journal, vol. 74,
1902, pp. 752-753. ‘

Suggests that below the zone now worked in the Cripple Creek district there may be a zone of second-
arily enriched ores. It is thought that the occurrence of tetrahedrite in the lower levels of some of the
mines is indicative of such deep enrichment. This article was followed by a discussion in succeeding
numbers of the journal.

BaxcrorT, GEORGE J.  The bottom levels at Cripple Creek, Colorado. Engineering and Mining Journal, vol.
76, 1903, pp. 86-88.

A review of conditions at the bottoms of some of the deeper mines, with particular reference to
drainage and to enrichment or impoverishment of the ore.

Brakg, WitLiam P.  The gold of Cripple Creek. Engineering and Mining Journal, vol. 57, 1894, p. 30.

Suggests that the ‘‘sylvanite’ is probably for the most part calaverite or krennerite.

Cross, WaiTMAN.  Geology of the Cripple Creek gold mining district, Colorado. Colorado Scientific Society,
Proceedings, vol. 5, 1894-1896, pp. 24-49.

A preliminary outline, based on field work in 1893 on the Pikes Peak quadrangle.

Cross, W., and PeNrosE, R. A. F., 5r. The Pikes Peak folio. Geologic Atlas of the United States, folio 7,
U. S. Geol. Survey, 1894.

Contains a detailed geological map of the Cripple Creek district and brief descriptions of the geology

and ore deposits.
Cross, W., and PENrosE, R. A. F., jr. The geology and mining industries of the Cripple Creek district, Colo~
rado. Sixteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1895, pp. 1-209.
The best and most complete account of the geology and ore deposits of Cripple Creek.
Curcg, J. H. The gold mines of the world. Second edition, London, 1902, pp. 271-284.
Particularly valuable as a shrewd and unprejudiced review of the mines from the financial standpoint.
Fixcn, Joun W.  The circulation of underground aqueous solutions and the deposition of lode ores. Colorado
Scientific Society, Proceedings, vol. 7, 1904, pp. 193-252.

A paper treating of ore deposition in general, but with special application to Cripple Creek, whence
most of the illustrations are drawn. '

Hiviesranp, W. F. Calaverite from Cripple Creek, Colorado. American Journal of Science, 3d ser., vol. 50,
1895, pp. 128-131. 3

Shows by chemical analyses that specimens from the Prince Albert, Raven, and C. O. D. mines have the
composition of calaverite. Crystallographic study by Penfield indicates that the crystals are probably
triclinic, but are near sylvanite in angles and axial ratios.
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Hices, Frep.  The official manual of the Cripple Creek district, vol. 1. Colorado Springs, 1900.

A useful compilation giving the organization, holdings, and equipment of each mining company in the
district.

Hirrs, Vicror G.  Water record of mines at Cripple Creek, Colorado. Engineering and Mining Journal, vol.
76, 1903, p. 117.

A record of 39 mines in tabular form.

Hicus, Vicror G. Water in the mines of Cripple Creek. Engineering and Mining Journal, vol. 76, 1903,
pp- 195-197.

Concludes from the study of carefully collected data that, from a practical standpoint, the mines do not
have a common water level, and that pumping in one mine does not necessarily lower the water in a
neighboring mine.

KnierT, F. C. A suspected new mineral from Cripple Creek. Colorado Scientific Society, Proceedings, vol.
5, 1894-1896, pp. 66-71.

Concludes from chemical studies that in the oxidation of calaverite a part of the tellurium may combine
with iron to form a tellurite.

LieBeNxam, W. A. Der Cripple Creek Golddistrikt, seine Entdeckung, Entwicklung, Geologie und Zukunft.
Berg- und hiittenménnische Zeitung, vol. 63, 1904, pp. 2-5, 29-32, 57-60, 89-92, 117-121, 161-164.

An extended account of the district, for the most part a compilation, with rather slight acknowledg-
ment, from writings of Cross, Penrose, and Rickard.

LinpereN, W. Metasomatic processes in fissure veins. Transactions American Institute of Mining Engineers,
vol. 30, 1901, pp. 612, 630-631, 654-657.

The first recognition of adularia (valencianite) as a vein mineral at Cripple Creek.

LinpereN, W., and RansoMe, F. L. Report of progress in the geological resurvey of the Cripple Creek district,
Colorado. Bull. U. S. Geol. Survey No. 254, 1904.

A brief preliminary statement of results.

Maraews, E. B. The granites of Pikes Peak, Colorado. Geological Society of America Bulletin, vol. 6,
1895, pp. 471-473.

A petrographical study of the granitic rocks of the Cripple Creek region.

Marrews, E. B. The granitic rocks of the Pikes Peak quadrangle. Journal of Geology, vol. 8, 1900, pp.
214-240.

A detailed petrological study of the granites of the Cripple Creek region. Four types are distinguished,
three of which are recognized as occurring in the Cripple Creek district.

Mryers, W. S. Quoted in ‘“On krennerite from Cripple Creek, Colorado,” by Albert H. Chester. American
Journal of Science, 4th ser., vol. 5, 1898, pp. 375-377.

A chemical analysis of material from the Independence mine.

Pavaong, CoARLEs. Notes on tellurides from Colorado. American Journal of Science, 4th ser., vol. 10, 1900,
pp. 419-427. Also a German translation in Zeitschrift fiir Krystallographie und Mineralogie, vol. 34,
1901.

Chemical and crystallographic study of crystals from two localities in the Cripple Creek district proves
them to be sylvanite. It is shown that the supposed new mineral goldschmidtite is really sylvanite. !

Pearce, Ricaarp.  The mode of occurrence of gold in the ores of the Cripple Creek district. Colorado Scien-
tific Society, Proceedings, vol. 5, 1894-1896, pp. 5-10.

Shows that the gold, prior to oxidation, occurs as a telluride, probably as sylvanite. Tests of various
samples of oxidized ore indicate that oxidation, while setting free the gold, incx;eases the ratio of
tellurium to gold in the ore.

PearcE, Ricaarp. The occurrence of gold in the ores of the Cripple Creek district. Engineering and Mining
Journal, vol. 57, 1894, p. 271. (Abstract of a paper read before the Colorado Scientific Society.)

Shows that the usual ratio of gold to silver in the Cripple Creek ores corresponds to the composition of
sylvanite rather than to that of krennerite or calaverite.

Pearce, RicHARD. Further notes on Cripple Creek ores. Colorado Scientific Society, Proceedings, vol. 5,
1894-1896, pp. 11-16.

Points out that tellurium, in oxidized form, is always present with gold in the oxidized ore, and usually
in much greater proportion than in the unoxidized ore. It is concluded that part of the gold and most
of the silver originally present in the sylvanite is removed in solution during oxidation.
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PenFIELD, S. L. Quoted in ‘‘On krennerite from Cripple Creek, Colorado,” by A]bert H. Chester. American
Journal of Science, 4th ser., vol. 5, 1898, pp. 375-377.
A crystallographic study of a specimen from the Independence mine.
PexrieLDp, S. L., and Forp, W. E.  On calaverite. American Journal of Science, 4th ser., vol. 12, 1901, pp.
225-246. Also a German translation in Zeitschrift fiir Krystallographie und Mineralogie, vol. 35, 1902,
pp- 430—451.
The authors conclude that the apparent ‘monoclinic symmetry is the true symmetry of the mineral,
notwithstanding the extraordinarily complex crystallographic symbols which that supposition demands.
PenrosE, R. A. F., jr.  The ore deposits of Cripple Creek, Colorado. Colorado Scientific Society, Proceedings,
vol. 5, 1894-1896, pp. 50-53.
A preliminary outline, written before detailed examination of the district had begun.
Pexrosg, R. A. F., jr. [See also under Cross and Penrose.]
Rickarp, T. A. The Cripple Creek gold field. Institution of Mining and Metallurgy (London), Transactions,
vol. 8, 1899-1900, p. 49-111.
Contains an interesting account of the early history of the district, an outline of the general geology, a
description of the ore deposits, statistics of production, and notes on the mines.
Rickarp, T. A.  The telluride ores of Cripple Creek and Kalgoorlie. Engineering and Mining Journal, vol.
70, 1900, p. 611.
Gives an interesting account of the Cripple Creek ores from mineralogical, chemical, and metallurgical
standpoints.
Rickarp, T. A. The Cripple Creek volecano. Transactions American Institute of Mining Engineers, vol. 30,
1901, pp. 367-403.
A semipopular summary of the geological history of the district.
Rickarp, T. A.  The lodes of Cripple Creek. Transactions American Institute of Mining Engineers, vol. 33,
1903, pp. 578-618.
Describes in considerable detail, with numerous illustrations, the structural characteristics of the lodes.
Scawarz, T. E.  The Independence mine, Cripple Creek, Colorado. Colorado Scientific Society, Proceedings,
vol. 4, 1893, p. 422.
Describes the essential geological features of the Independence vein as exposed at that time.
Skewes, E.  The ore shoots of Cripple Creek. Transactions American Institute of Mining Engineers, vol. 26,
1896, pp. 553-579.
Records some facts of interest relative to the upper portions of the ore bodies of the Elkton, Raven,
and Doctor mines.
Surrn, G. F. HerBERT, and Prior, G. T.  On the remarkable problem presented by the crystalline develop-
ment of calaverite. Mineralogical Magazine, vol. 13, 1901-1903, pp. 122-150.
The authors conclude that the mineral is either monoclinic with remarkably complex symbo]s, or tri-
clinic with extraordinary complicated twinning.
Stevens, E. A, An occurrence of limburgite in the Cripple Creek district. Transactions American Institute
of Mining Engineers, vol. 30, 1901, pp. 759-764.
Describes the occurrence of a dike at the western edge of the town of Vietor.
Srevexs, E. A, Basaltic zones as guides to ore deposits in the Cripple Creek district, Colorado. Transactions
American Institute of Mining Engineers, vol. 33, 1903, pp. 686-698.
Maintains that there is a genetic relation between the basaltic dikes and ore deposition and that the
type of rock is more important than the structure in determining the occurrence of ore.
StonEg, G. H.  The granitic breccia of the Cripple Creek region. American Journal of Science, 4th ser., vol. 5,
1898, pp. 21-32.
An attempt to explain several deposits of diverse origin as breccias produced by the shattering of the
older rocks by igneous intrusions.
Vax Hisg, C. R. A treatise on metamorphism. = Mon. U. 8. Geol. Survey, vol. 47,1904, pp. 1120-1125, and
elsewhere. ‘
Discusses Cripple Creek deposits in connection with a general treatment of the problems of ore genesis.
The rich telluride ores are regarded as secondary concentrations due to descending waters.



CHAPTER II.—GENERAL GEOLOGY.
INTRODUCTORY STATEMENT.

In view of the well-known work of Mr. Cross, it is not necessary, as in the
earlier report, to present a detailed account of the geology of the district. The
general relations of the rocks and the main facts of the volcanic history are now
familiar to those interested in the region, and the first official report is still a
valuable source of detailed and accurate descriptions of particular localities. The
plan adopted in the present work, therefore, does not contemplate so exhaustive
a description of the district as would be appropriate in a new geological field. It
is proposed to recount briefly the essential results obtained by Mr. Cross and to
indicate in a few words the general character of the modification of these results
required by later study. Mr. Graton’s report on the petrography of the Cripple
Creek rocks, presenting further details of the changes involved, forms a separate
chapter and is followed by a sketch of the geological structure of the district with
such additional matter as is necessary to supply a satisfactory geological basis
for the discussion of the ore deposits.

The new geological map of the district forms Pl. IT and is accompanied by
five sections, on which full black lines indicate that the contact lines are actually
known from mining developments.

FIRST GEOLOGICAL SURVEY OF THE DISTRICT.

When Mr. Cross made his careful study of the geology of the Cripple Creek
district ten years ago, mining had barely begun and the various hills were not,
as now, perforated by deep underground workings. That his work has in general
stood the test of subsequent mining exploration and continues to be highly regarded
in the district is convincing testimony to its excellence. Later workers, however
they may amplify or modify his results, should fairly acknowledge their debt to
the pioneer who first unraveled the structure and deciphered the history of the
Cripple Creek volcanic complex. The account of the district as given by Cross
may be very briefly summarized as follows:

The Cripple Creek hills lie near the eastern border of a lofty and deeply dis-
sected plateau which slopes gently westward for 40 miles, from the southern end
of the Colorado Range, dominated by Pikes Peak, to the relatively low hills con-
necting the Mosquito and Sangre de Cristo ranges. The prevailing rocks of this
plateau are granites, gneisses, and schists. The granites inclose masses of Algonkian
quartzite and are therefore post-Archean, but they are older than the only Cambrian
sediments known in Colorado. During Tertiary time volcanic eruptions broke
through these ancient rocks at several points and piled tuffs, breccias, and lavas

18
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A. CRIPPLE CREEK. LOOKING WEST FRCM GOLD HILL.

The Midget and Conundrum mines are in the foreground and Mount Pisgah is in the background.

B. CRIPPLE CREEK. LOOKING NORTHEAST.

The partly wooded knob on the left is Rhyolite Mountain. Just beyond the town are Mineral and Carbonate hills, and in the background is
Pikes Peak.
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\

upon the uneven surface of the plateau. The eruptive rocks of the Cripple Creek
district are the products of one of the smaller isolated volcanic centers of this
period, a center characterized by the eruption of phonolite, which does not occur
elsewhere in this general region. The most voluminous products of the Cripple
Creek volcano now preserved are tuffs and breccias. They occupy a rudely ellip-
tical area in the center of the district about 5 miles long in a northwest-southeast
direction and about 3 miles wide. According to Cross, these breccias and tuffs
rest in part upon an earher flow of andesite; but mainly upon an unevenly eroded
surface of the granites and schists, although along the southwest edge of the area
the contact was found to be so steep as “to support the idea that the central vent
or vents of the volcano were adjacent to this line.”” The breccia is much indurated
and altered, but was thought to consist mainly of andesitic fragments, although
it was recognized that fragments of phonolite are locally abundant. The most
characteristic massivﬁ rock emanating from the Cripple Creek volcano is phonolite,
which was erupted at several periods and more abundantly than any other type.
It occurs as dikes and masses, not only in the breccia, but in the surromnding granitic
rocks. Among the massive rocks distinetly younger than most of the breccia
Cross dlstlngulshed trachytic phonolite, nepheline syenite, syenite porphyry, mica
andesite, pyroxene andesite, and basaltic rocks of various types. The nepheline
syenite he considered as probably younger than the trachytic phonolite, while the
basaltic dikes represent the last eruptions in the district.

MODIFICATION OF EARLIER RESULTS.

In the course of the present investigation the geology of the district has been
entirely remapped upon the carefully revised topographic base. A comparison
of the new map with the old will reveal a number, of changes in the boundaries of
igneous masses, the division of the granitic terrane into several distinct formations,
the recognition of a number of eruptive masses not shown on the older map, and
considerable change in the nomenclature of the igneous rocks. There is also
recorded an 1mp0rtamt revision of conclusions as to the age and the relation to the
rhyolite of the sedlmentary rocks of Grouse Hill and Straub Mountain.

BASEMENT ROCKS.

The most ancient rocks in the district are fibrolitic muscovite schists and fine-
grained granitic gneisses. The gneisses are typically exposed in the streets of
Cripple Creek and at the terminal station of the Colorado Springs and Cripple
Creek District Railway. The schists may be well seen in Poverty Gulch between
the Abe Lincoln mlﬂe and the railway trestle bridge and near the station of the
Florence and Cripple Creek Railroad in Cripple Creek. This gneiss was not separately
shown on the older map, being included partly with the granites, which were mapped
as a unit, and partly with the schist.

Cross and Mathews recognized three types of granite in the Cripple Creek
region, which they designated the Pikes Peak, Cripple Creek, and Spring Creek

names.
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now been done. The Pikes Peak granite prevails over a large area in the district
and -is the common rock in the vicinity of Squaw Mountain and Victor. It is
younger than the gneiss and schist. The Cripple Creek granite also occupies a
considerable area extending westward from Anaconda beyond the bounds of the
area studied and is well exposed along Cripple Creek in the vicinity of Mound. It
cuts the schist and gneiss and is intrusive into the Pikes Peak granite. The Spring

| Creek granitic mass is of comparatively small superficial extent, and its age with
reference to the other granites is unknown.

In the northwestern part of the district there has been found and mapped an
area of a rock which is mainly an olivine syenite, though the mass exhibits remark-
able range and variability in mineralogical composition. The olivine syenite is
younger than the Pikes Peak granite, but is pre-Tertiary, for numerous diabase dikes
genetically related to the syenite are covered or intruded by Tertiary eruptive
rocks. ‘A dike of anorthosite cuts the olivine syenite and is genetically related
to it in a manner similar to pegmatite dikes in granite.

It will be seen on looking at the map that the schist, gneiss, Spring Creek
granite, Cripple Creek granite, and olivine syenite together constitute a wedge-
shaped area projecting into the Pikes Peak granite from the west. The center
of volcanic disturbance is near the point of this wedge.

1 VOLCANIC ROCKS.

A number of new chemical analyses of the Tertiary eruptive rocks have been
made by Dr. W. F. Hillebrand, Mr. George Steiger, and Dr. W. T. Schaller for this
report, and the petrography of the district has been carefully studied by Mr. L. C.
Graton with interesting results. That the phonolite, nepheline syenite, trachytic
phonolite, syenite porphyry, and andesite of Cross are all closely related types
-connected by intermediate varieties appeared highly probable in an early stage of
the field work. Mr. Graton’s studies, in connection with the chemical analyses,
confirm this view and show clearly that all the volcanic rocks, including the basic
dikes, are merely divergent eruptive facies of one general magma, characterized
chemically by about 58 per cent silica, a large proportion of alkalies, the soda being
usually somewhat higher than the potash, a small percentage of lime and magnesia,
and a certain quantity of combined water. None of the massive rocks would now be
called andesite. Though it can not be affirmed that andesitic fragments are entirely
absent from the usually much altered volcanic breccia, none were recognized and
the term ‘‘andesitic breccia’ is certainly not applicable to this formation as a
whole. It would be more accurate to describe it as a phonolitic breccia, although
in places near the periphery it consists chiefly of partlcles of the older rocks through
which the Tertiary eruptlves broke.

None of the massive rocks erupted from the Cripple Creek volcanic center
and now present in the district show any evidence of having been surface flows.
They are for the most part intrusive porphyries, rangihg in texture, however, from
the granular so-called nepheline syenite near Independence to the nearly aphamtlc
phonolite of the smaller dikes and sheets. In the breccia of Rhyolite Mountain,
however, and in a smaller area of breccia at the south boundary of the district
mapped, on the east side of the canyon of Cripple Creek, some of the breccia frag-
ments are vesicular. '
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SEDIMENTARY DEPOSITS.

The hill occupied by the city reservoir on the northern edge of Cripple Creek
is capped by a coarse conglomerate containing rounded bowlders of granite, gneiss,
schist, and diabase up to a foot or more in diameter. Pebbles derived from the
Tertiary eruptive rocks appear to be entirely absent. The bowlders are weathered
and decomposed, and the deposit at its north end seems to underlie the volcanic
breccia of Mineral Hill.

This conglomerate was mapped as breccia by Cross, as the exposures available
for his examination indicated the presence of some volcanic material. He showed,
however,? that the general material of the deposit was entirely different from the
normal breccia and suggested that it was probably a remnant of a local lake
deposit. The character of the conglomerate, which since Mr. Cross’s visit has been
well exposed in a street cutting, indicates that it is a stream deposit. The occur-
rence is of particular interest because it affords definite information concerning the
original character of the surface of the region before the eruptions of the Cripple
Creek volcano commenced.

On Grouse Hill and Straub Mountain occur some rather obscurely bedded
grits which are remnants of a formerly more extensive deposit. The material con-
sists chiefly of angular and rounded particles of granite, occasionally several cen- -
timeters in diameter. Quartz pebbles are abundant and there are scattered pebbles
of a hard bluish quartzite. The usual color of these grits ranges from dark brown
to brilliant red or yellow. :

In describing these sediments Cross? referred to their great similarity to the
upper Carboniferous grits of the Fountain formation. Believing, however, that
they rested as a younger formation upon the rhyolite of Grouse Hill and Straub
Mountain, he correlated them with the Miocene High Park lake beds, and deduced
partly from this correlation the probable late Miocene age of the Cripple Creek
volcano. '

The relation between the rhyolite and these grits has been studied by Mr.
Graton, who finds that the rhyolite is intrusive into the grits and the latter are thus
older than the High Park lake beds. Fragments of rhyolite, it is true, occur in the
grits near the intrusive contact, but these were probably introduced at the time of
intrusion of the eruptive rock into the loose, porous deposit.

The origin and correlation of these grits, including a small mass of similar
material found on Copper Mountain, in the nortkern part of the district, is doubtful.
It is possible that they are remnants of the Fountain formation. But it seems more
likely that, as suggested by Cross, they are composed of detritus blown from the
throat of the Cripple Creek volcano at an early stage of eruptive activity, and that
they have been protected from erosion by the induration consequent on the intrusions
of rhyolite and phonolite and by cappings of phonolite.

The deposit seems to have been at least from 200 to 300 feet thick in the vicinity
of Grouse Hill and Straub Mountain. The accumulation of this thickness of material
upon what appears to have been in general a plateau surface is difficult to reconcile
with the supposition that the grits were deposited in a lake. It is more probable

a Sixteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1895, p. 101. b Op. cit., pp. 53-55, 106<109.
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that the material was thrown into the air by an explosive eruption and fell thickly
upon the surrounding plateau, to be in some places partially reworked and distrib-

uted by streams.
AGE OF THE ERUPTIONS.

The fact that the grits of Grouse Hill and Straub Mountain can not be correlated
with the High Park lake beds does not involve any great change in the assignment
of a probable geological date to the Cripple Creek eruptions. Ingsmuch as the
accumulation of the grits probably marked the beginning of local volcanic activity,
and as both grits and rhyolite are intruded by phonolite from the Cripple Creek
center, it follows that the Miocene (or at least post-Oligocene) rhyolite was erupted
within the period during which the Cripple Creek volcano was active.

GEOLOGICAL STRUCTURE OF THE DISTRICT.
CRYSTALLINE ROCKS OF THE PREVOLCANIC PLATEAU.

~ As appears from the accompanying map (Pl. II), the schist and gneiss occur
chiefly in the northwest corner of the district. The two rocks are in irregular and
intimate association and constitute a thoroughly metamorphosed complex of
unknown derivation. It is probable, however, that the gneiss was originally a
granitic rock and there is some evidence to support the view that the schist, which
at the present time is composed of muscovite, quartz, fibrolite, and magnetite, is
an extremely metamorphosed sediment. The two rocks exhibit intermediate facies
and can not everywhere be distinguished. This metamorphism was probably
effected in pre-Cambrian time and long antedates the eruptions from the Cripple
Creek volcanic center.

The olivine syenite and Spring Creek granite occur in the extreme northwest
corner of the district and are intrusive in the gneiss and schist.

The Pikes Peak granite is the most extensively developed formation in the
district. It is prevalent on the north, east, and south sides of the central volcanic
area and is the principal rock of the plateau country for miles in these directions.
It is intrusive into the gneiss and schist, and probably also into the Spring Creek
granite and the olivine syenite.

The Cripple Creek granite occupies a considerable area in the western part of the
district, west and southwest of the town of Cripple Creek. It is clearly intrusive
into the gneiss and schist and has invaded these rocks irregularly, not only in large
masses, but in numerous dikes, as may be well seen at many points in the southern
part of Cripple Creek town. The reddish color of the younger rock, contrasting
with the gray tint of the gneiss and schist, renders these dikes readily recognizable.
It is probably intrusive also into the Pikes Peak granite; for though no decisive
evidence bearing upon this point was found within the district, yet the occurrence
in the Pikes Peak granite of fine-grained granitic dikes which are similar in litho-
logical character to the Cripple Creek granite, the absence of gneissic structure in
the latter and its frequency in the Pikes Peak granite, particularly near the contact
of the two rocks, are indicative of this relation. Shear zones, along which the
sheared granite is often metamorphosed to schist, occur in the Pikes Peak granite,
but not, so far as observed, in the Cripple Creek granite. Such schist bands are
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particularly abundant in the vicinity of the contact between the two granites south-
west of Guyot Hill. Cross and Mathews, from their studies in the Pikes Peak
quadrangle, reached the same conclusion with regard to the relative age of these
granites.

Before the Tertiary eruptions broke through the plateau the principal mass of
Cripple Creek granite probably extended eastward to West Beaver Creek, for the
granite between Bull and Ironclad hills and some masses near Cameron are of this
type. In the southern part of the district, near Victor, are some small bodies of
similar granite apparently intrusive in the Pikes Peak granite.

The various intrusive contacts between the pre-Cambrian rocks are unaccom-
panied by any important mineralization, even pyrite being notably lacking in these
- rocks, and the prevolcanic structure of the ancient crystalline plateau is of economic
importance only in so far as it affects the distribution of the different rock types in
the rim of the volcanic conduit. Practically no deposits of value occur, for example,
in schist, but some of the most productive ore bodies in the district have been found
in the Pikes Peak granite close to the irruptive contact. The Cripple Creek granite,
moreover, where it forms a part of the rim has proved less productive than the
gneiss. It is thus probable that the economic history of the district would have
been different had not the prevolcanic structure determined that a large part of the
voleanic neck, particularly between Guyot Hill and Goldfield, should be bordered
by the Pikes Peak granite. It has already been pointed out that the principal
voleanic eruptions broke through the pre-Cambrian rocks near the point of a wedge-
like projection of gneiss, schist, Cripple Creek granite, Spring Creek granite, and
olivine syenite into the Pikes Peak granite. It is possible that this was not a mere
coincidence, but that the pre-Cambrian structure as revealed in this areal distri-
bution of the rocks was an important factor in determining the point of eruption.

The granites and gneiss of the Cripple Creek district are cut by a number of
diabase dikes that are older than the Tertiary eruptives and that may belong to the
same eruptive series as the olivine syenite and anorthosite of Iron Mountain. So
far as known, these dikes have no economic importance.

FORM OF THE VOLCANIC NECK.

It is essential to a clear understanding of the mutual relations of the Cripple
Creek rocks to remember that the central part of the district is occupied by a
volcanic neck similar in some respects to those described by Geikie  in the south of
Scotland. At the time of eruptive activity the region seems to have been a granitic
plateau not differing greatly in the general character of its relief nor even in actual
surface from the plateau of to-day. The first manifestation of volcanism of which
there is any record was the formation, by one or more tremendous explosions, of a
great chasm in this plateau. The granite above the volcanic hearth was shattered
and blown into the air, falling back as fine fragments partly into the pit formed
by the explosion and partly over the surface of the plateau. Eruptions of phono-
lite, latite-phonolite, and syenite followed, but do not appear to have issued in a
simple sequence.” Successive eruptive paroxysms probably shattered and com-
minuted the products of earlier outbursts. The breccia now occupying the greater
part of the volcanic throat exhibits in many places such a thorough mingling of
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different rock fragments as to indicate that the great chasm in the granitic rocks,
after its initial filling with breccia and intrusive rock, was more than once partly
or wholly cleared by renewed explosions and refilled with their products.

These eruptions undoubtedly built up a volcanic cone upon the plateau, but
the materials of this cone have been removed by erosion very nearly to the original
plateau surface. Consequently the main central area of breccia.shown on the
geological map more nearly represents a plan of the volcanic throat than it does
the extent of the former cone. It is important to determine as closely as possible
how much of this area represents the outline of the deep volcanic chasm or throat
and how much is merely a residual portion of the practically vanished cone, and
thus rests upon the old plateau surface. It is also important to ascertain, if pos-
sible the inclination and general character of the contact between the breccia which
fills the volcanic throat and the granitic rocks through which the eruptive materials
forced a passage. A convenient plan is to begin in Poverty Gulch, just east of
Cripple Creek, and thence to trace the outline of the volcanic neck in a circuit past
Anaconda, Guyot Hill, Elkton, Squaw Mountain, Victor, Bull Cliff, Tronclad Hill,
and Globe Hill.

The contact is exposed at several places in the Abe Lincoln mine, in Poverty
Gulch. For the first 360 feet in depth it seems to have a dip of 80° or 85° S. For
the next 140 feet the general dip is probably not over 30°. A short distance east
of the Abe Lincoln mine the Chicago tunnel enters Globe Hill from Poverty Gulch
and extends eastward to the Plymouth Rock shaft, between Globe and Ironclad
hills. The tunnel is chiefly in breccia, which near Poverty Gulch is composed
largely of schist fragments. Lateral branches, however, penetrate solid schist to
the north and south of the line of the main tunnel. The schist on the north is
continuous with a mass exposed at the surface in Poverty Gluch. That on the
south is continuous with the schist exposed at Fairview. The two contacts dip
toward each other at from 35° to 45°. 1If these dips are maintained, the Fairview
and Poverty Gulch schist masses should unite at a depth of from 200 to 300 feet
below the tunnel.

In the Midget and Conundrum mines, on the west slope of Gold Hill, the con.
tact between the ancient crystalline rocks and the breccia is irregular, is at many
points poorly defined, and has not been exposed in a sufficient number of places to
fully establish its form and character. All indications, however, point to an increas-
ing steepness of the contact toward the south, and in the Good Will tunnel, which
passes from granite into breccia somewhat less than a thousand feet south of the
Midget shaft, the contact is nearly vertical. In the Abe Lincoln and particularly
in the Conundrum and Midget mines the gneiss is more or less shattered for some
distance from the contact, and the breccia is largely composed of gneiss and schist
fragments.

While the contact as exposed in the Chicago tunnel and in the Abe Lincoln,
Midget, and Conundrum mines is not so steep as it becomes farther south, the breccia
of the northwest slope of Gold Hill clearly occupies a pit produced by explosive
volcanic activity and does not rest in an eroded hollow in the prevolcanic plateau.
Lying between the main rim of schist and gneiss on the west and the Fairview
promontory of schist on the east, this pit is apparently a marginal embayment of
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the central volcanic abyss. Its floor pitches steeply to the south and on an east-
west line drawn through the summit of Gold Hill may attain a depth of from 1,500
to 3,000 feet below the present surface. This and other similar embayments in
the rocks rimming the volcanic neck are doubtless due to the tendency of the vol-
canic forces to find relief in a lateral as well as in an upward direction as they neared
the surface. They may be compared to the flaring enlargements noticeable on the
side of issue of a bullet hole through plate glass.

At the Pointer and Mint mines, on the southwest side of Gold Hill, the granite
and breccia are locally separated by an intrusive mass of syenite. The general dip
of the pit wall in this vicinity, however, as shown by comparison of its outcrop
with its exposure in the Ophelia tunnel, is between 70° and 80°. In the vicinity
of Anaconda and in the Mary McKinney mine the contact between the granite and
the breccia is nearly vertical, and continues so along its irregular course toward
Elkton.

In the Elkton mine the contact between the granite and breccia is well shown.
North of the Thompson shaft of the Elkton property the contact runs nearly east
and west, while east of the shaft it runs nearly north and south. This shaft is thus
situated within a local granite promontory which juts northeastward into the
breccia of the volcanic neck. The contact as seen in the Elkton mine is irregular
in detail, but it is clear from its position on successive levels that the promontory
steeply overhangs the breccia. The granite as a rule shows considerable shattering
near the contact, which, however, is usually fairly sharp and is too irregular to be
a fault contact. Fragments of granite are abundant in the breccia, often for dis-
tances of more than 300 feet from the contact.

Although the original contact between the granite and breccia in the Elkton
mine is not a fault plane, there has been faulting in the vicinity. The Thompson
fault or so-called ‘“Dead vein” lies usually just north of the contact. It strikes
N. 72° W. and dips at 83°S. It is sometimes a simple fissure containing a foot
or more of soft slickensided gouge, sometimes two or more narrower parallel fissures
filled with similar material. The throw is apparently normal and the displacement
probably not more than 100 feet. At a few points, as on level 4, the fault locally
marks the contact between granite and breccia. The fault is an example, similar
to others which will be described later, of local movement near the original contact.
Such fault fissures in most cases more nearly approach a plane surface than does
the adjacent granite-breccia contact. The breccia had filled the volcanic conduit
and become somewhat indurated before the faulting took place.

Between Elkton and Victor the contact passes between Squaw and Battle
mountains and is approximately vertical. It is well exposed on nearly all the levels
of the Ajax mine and has in many places been drifted on for considerable distances.
It is prevailingly steep, dipping north or northeast at angles ranging usually from
45° to 85°. The average dip is probably between 70° and 75°. Near the shaft,
particularly on the upper levels, the contact has an east-west course. But, as is
shown on Pls. IT and V, the Ajax shaft is situated in an embayment in the granite
between the Portland promontory on the east, presently to be described, and
the northward turn of the contact, which carries it through the saddle between
Squaw and Battle mountains on the west. This northerly turn is noticeable on all
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of the Ajax drifts that have followed the contact far enough to the west, and is
particularly conspicuous on the lower levels. A north-south section through the
Ajax shaft, showing the steep dip of the contact, is given in fig. 63 (p. 479). The
apparent flatter dip below level 6 is partly real and partly due to the obliquity of
this part of the contact to the plane of the section.

The breccia near the contact contains abundant fine granitic detritus and fits
snugly against a wall of granite which is far too irregular to be a fault contact.
Blocks of granite from 2 to 3 feet in diameter are sometimes found in the breccia
at a distance of 100 feet or more from the conduit wall. The contact is generally
sharp and definite, though on account of the granite fragments in the breccia it is
not everywhere conspicuous. The granite close to the contact is seldom brecciated,
though in places considerably jointed and even shattered.

In the Dead Pine mine, just east of the Ajax, the contact has been followed by
an inclined shaft and found to dip north at 70°. The shaft of the Granite mine is
in breccia, the various levels all running south across the contact into the granite.
The general strike of the contact seems to vary from northwest to west, but as there
. are no drifts on it this point can not be accurately determined. The general dip is
north at about 80°. The contact surface, however, is evidently very irregular, and
there may be local southerly dips between levels 6 and 7 and between levels 9
and 10.

The Portland mine, north of Victor, affords better opportunities of studying
the inclosing wall of the volcanic neck than any other mine in the district. The
contact between the granite and breccia is an irregular surface which plunges steeply
under the breccia to the north and east. Its dip is rarely less than 70°, is frequently
approximately vertical, and in places forms what would be an overhanging cliff
were the breccia removed. Some idea of the irregularity and general steepness of
this contact may be had from Pl. V. As is there well shown, the granite in the
Portland workings forms a bold promontory jutting into the breccia-filled funnel of
the Cripple Creek volcano. Along the northern scarp of this promontory, west of the
Portland mine, are the workings of the Granite, Dead Pine, and Ajax mines. Along
the eastern declivity, south of the Portland, are the workings of Stratton’s Inde-
pendence mine.

The contact is well exposed on all the Portland levels from the 500-foot to the
1,000-foot. As a rule it is sharp and readily determined. The breccia for a few
inches from the granite is hard, rather fine grained, and, as shown by microscopic
study, is chiefly of granitic origin. It rests snugly against the rather minutely
irregular wall of granite, which is not as a rule noticeably fractured or shattered.
Usually there is no evidence of faulting along the contact, and there can be little
doubt that the breccia was in the main originally deposited in the position it now
occupies relative to the granite. Occasionally there has been some fissuring along
planes adjacent and generally parallel to the contact. Such fissure planes, how-
ever, do not follow the irregularities of the actual contact and are not connected
with extensive faulting.

On the 500-foot level a sharp contact between granite and breccia is well exposed
in a short drift on the so-called ‘‘Shaft vein,” just west of the Burns shaft. The
contact here is less steep than is common on the lower levels, dipping north at about



~

28 GEOLOGY AND GOLD DEPOSITS OF THE CRIPPLE CREEK DISTRICT.

60°. It may also be well seen about 300 feet southeast of the Burns shaft in a
crosscut east from the Portland vein. The contact is here sharp, the breccia rest-
ing closely upon an uneven surface of granite. The dip is abnormally low, being
only about 15°, toward the east. This low dip is undoubtedly local, and if the
breccia could be removed the granite at this point would probably be found forming
a relatively flat bench or step with steep scarps above and below. The contours
of PL. V are strongly indicative of such changes of slope.

On the 600-foot level the contact, as exposed a short distance north and east
of the Burns shaft, is definite and close. It is rather irregular, but nearly vertical
on the whole. Near the Diamond vein, however, about 300 feet east of the shaft,
the contact is a regular plane dipping about 35° NE. and exhibiting clear evidence
of some faulting between the granite and the breccia; but the movement is appar-
ently local and not connected with any great displacement. A moderate dip, here
as on the 500-foot level, obtains on the crest of the granite promontory. It is 20°
steeper, however, than on the level above, which fact, taken in connection with
what is known of the contact below, indicates proximity to the outer edge of the
granitic bench already referred to.

On the 700-foot level the contact between the granite and breccia is exposed
in the main drift about 100 feet north of the Burns shaft. It is here sharp and
close, rather irregular, and as seen in the drift nearly vertical. East of the Burns
shaft the contact practically coincides with the No. 2 vein.

On the 800-foot level the contact is in part the east wall of the No. 2 vein. It
is sharp 'and irregular in detail. The granite is sometimes shattered for a foot or
two from the contact, which is here nearly vertical. Toward the north the contact
soon swings westward, away from the No. 2 vein, and is again well exposed in the
main northeast crosscut about 125 feet from the' Burns shaft. This contact is
remarkably close and definite and shows no evidence of faulting. Its course where
cut by the crosscut is nearly north and south and it dips eastward at about 80°.

On the 900-foot level the contact between the granite and breccia is exposed
in at least five places.. North of the Burns shaft the granite shows some breccia-
tion near the contact, and the latter is not so sharp and distinet as in other parts of
the mine. Just east of the No. 2 vein, which is partly within the granite on this
level, the contact is clearly exposed in a short crosscut. The granite is shattered,
but not brecciated, for a distance of 2 or 3 feet from the breccia, while the latter
contains abundant particles of microcline and some small fragments of granite,
those seen being less than 3 inches in diameter. The contact here dips eastward at
75° to 80°. A little farther north a crosscut west of the No. 2 vein, which is here
wholly in granite, exposes a close, definite; irregular, vertical contact of the latter
rock with the breccia.

On the 1,000-foot level the contact is exposed about 100 feet north of the
Burns shaft and along the No. 2 vein. In general it is approximately vertical and
presents characteristics similar to those observed on the level above.

The granite-breccia contact is hardly so well exposed in the Independence
workings as in the Portland. In general it is fairly distinet on the upper levels,
the granite, as a rule, not showing much brecciation in its vicinity. In detail it
is exceedingly irregular, being diversified by minor salients and reentrants. The
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breccia near the contact is in some cases, as on the 1,400-foot level, so full of granite
fragments, some of them of large size, that it is difficult to determine in a small
exposure whether the rock seen is breccia or massive granite.

While in the Portland mine the contact between the granite and the breccia
is generally convex toward the northeast, in Stratton’s Independence mine it is
concave. In the Portland the granite projects into the breccia as a steep promon-
tory; in the Independence the breccia lies in the curved embayment on the east
side of this jutting point of granite. The benched form of the contact surface
described in the Portland is also well exhibited in the northern part of the Inde-
pendence embayment. The general dip of the contact is at least 60° N. or NW.
Further details of this portion of the contact will be found in the description of the
Independence mine on pages 449 to 465.

The Golden Cycle shaft, 1,000 feet deep, is wholly in breccia, though the granite
at the surface is only 1,400 feet distant to the southeast. This shows that the slope
of the contact must be greater than 35°.

On Big Bull Mountain the Safety mine, another shaft higher on the northern
slope of the mountain, and a tunnel and several pits on the northeast side all show
a nearly vertical contact. Near Grassy Creek there are no deep workings near the
contact. Its course, as shown on the map, is suggestive of a low angle of dip, and
a shallow pit on the slope southeast of Cameron indicates that this part of the
breccia may be merely resting on an old surface of erosion.

The workings of the New Century, Damon, Jerry Johnson, Sunshine, and
Hoosier mines, though neither deep nor exclusive, all point to a very steep contact
along the northeastern border of the breccia area. From Tenderfoot Hill to Car-
bonate Hill the contact is not explored by deep workings, but a zone of greatly
shattered granite and schist bordering the fragmental volcanic material is indica-
tive of violent eruptive forces and of a steep contact. At the C. O. D. mine the
schist-breccia contact is fairly steep.

The island-like mass of shattered granite which forms parts of Bull and Iron-
clad hills lies almost in the center of the main volcanic area and derives exceptional
interest from its rather remarkable position. The workings of the Bogart, Sheriff,
War Eagle, and Ramona No. 2 mines show that to the south the contact of this
granite with the breccia is steep. This is confirmed by the absence of granite in
the American Eagle mine, though the bottom level, 1,500 feet deep, extends to
within 400 feet of a point vertically under the contact at the surface. The char-
acter of the contact on the west, north, and east sides of the mass is unknown,
though the outline of the granite as shown on the map (Pl. II, in pocket) indicates
a high angle of dip.

Granite, unfractured and with a steep contact surface, appears on level 11 of
the Isabella mine, about 800 feet vertically below the Emma No. 2 shaft house.
This granite is of the Pikes Peak type, however, while that of the Bull Hill area
and of the tongue which extends west of Cameron is of the Cripple Creek type.
Whether this body of granite occurring at so great a depth represents the crater
wall, of which the average slope from the surface down is in such case not much
over 45°, or whether it is a huge fragment which parted from the side of the chasm
above and sank into the pit, it is impossible to say.

13001—No. 54—06——4
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The general conclusion reached regarding this principal breccia mass, extending
from Goldfield to Carbonate Hill and from Guyot Hill to Cameron, is that it occupies
the throat of the main volcano. This is certainly true of the breccia between Gold
Hill and Goldfield and between Victor and Altman. Whether the pit filled by this
breccia is continuous with that north of Ironclad*and Gold hills is not established,
owing to the lack of deep workings at the head of Squaw Gulch. It may be that
the schist mass of Fairview and the Granite mass of Bull Hill come together at a
moderate depth and that the breccia of Globe Hill fills a separate vent, which only
superficially coalesces with the great chasm to the south. ;

Of the form of the outlying breccia masses, including those of Mineral Hill,
Rhyolite Mountain, Copper Mountain, and Mount Pisgah, less is known. Though
the breccia in some places, as just north of the city reservoir in Cripple Creek, seems
to rest upon a surface of erosion, in most cases it has steep contacts with the older
rocks, and appears to fill local vents. On the east side of the Mineral Hill mass, for
example, the contact as shown by the Aztec shaft, 60 feet deep, dips 45° W. A
steep dip is indicated also by the relation of the contact to the topography on the
northeast side of the hill (P1. II).

At the Fluorine mine, on Copper Mountain, the breccia rests on a gentle slope
of granite, but contains great fragments of the underlying rock, showing that the
source of the breccia is near.

BRECCIA.

LOCAL BEDDING.

The general form and geological occurrence of the breccia have been partly
outlined in the preceding section. The formation occurs mainly in the principal
volcanic neck. There are, however, a few outlying masses, some of which seem to
fill local volcanic vents, while others appear to be residuals of the formerly more
extensive accumulations of breccia that lay upon the uneven surface of the pre-
volcanic plateau. ‘

As a rule, the volcanic breccia is a structureless agglomeration of "fragments,
varying in the character and size of its constituent materials from place to place,
but showing no stratification and no definite arrangement of its particles. There
are a few notable exceptions to this rule, however. In parts of the Captain stopes
and in the southwest part of the 220-foot level of the Portland mine the breccia,
which in these places is rather fine grained, shows well-marked banding due to the
alternation of layers of relatively fine and coarse material. On the 220-foot level,
where these layers are best shown, they are about a foot in thickness and the mate-
rial resembles nearly horizontally bedded grits or coarse sandstones. This bedded
structure, however, is never continuous for long distances and the bands pass grad-
ually into the usual unstratified breccia. Similar nonpersistent stratification occurs
at a few places in Stratton’s Independence mine, in the southeastern drifts of the
Isabella mine, in the Lucky Guss No. 2 mine, on the south slope of Bull Cliff, on the
slope south of Cameron, and in the Elkton mine. A bed of very fine-grained,
loose volcanic ash is expased in the shallow Red Rock shaft near the Hoosier mine.
In the Elkton the bands dip at about 40°. The lack of sharpness and persistency
and the various attitudes in which this stratification occurs indicate that the sorting
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and arrangement of the material was not effected in a body of water, which, indeed
could hardly have existed within the conduit during the volcanic perlod It would
rather seem to be due to the winnowing action of winds on material thrown into
the air, to a sorting by rolling down slopes, or to alternations in material thrown
out by successive eruptive explosions.

CARBONACEOUS MATERIAL.

In the Doctor-Jackpot mine, just above level 15, or about 600 feet below the sur-
face, the ore is accompanied by a black coaly material, of rather fragile character,
which retains an original woody structure. Chemical examination of this material
by Doctor Hillebrand shows that it is noncoking, gives an 011y distillate, and is a
bituminous coal with the following composition:

Composition of coal from Doctor-J ackpot mine.

ISR s o550 ot AR ST T KT AT S S B s B st e e e S S 5 S R T B oS B mampaims 1.0
Volatile carbom . - - . . o e e e e e e e 29.0
Fixed carbomn . . . . e 68. 4
BB cve 2w o s sim s s & ke 48 e S o B R 1S s R 15 A S TR AR 2 1.6

100.0

Similar material, but with conchoidal fracture and no trace of an originally
organic structure, occurs in irregular bunches in the breccia on the 550-foot level
of the Morning Glory mine, particularly near the west end of the Ingham crosscut.
This is also noncoking and its composition is as follows:

Composition of coal from Morning Glory mine.

MOTBHUITE . e cc oo e e e e im e e i w5 o i 5 & e i 8 o mia e S R 5 & 0.5
Volatile carbon . - . . . .. e 21.0
B0 CaEDONLG s somumssses &8 v e s o b S s SR 45 6 S aE b § SRS S 2 e 69.9
AN 5om s s e i o P S 5 R A S R e S B S B B e e S o e B e 8.6

100.0

Rickard ® mentions the finding of similar coaly material in the Logan mine at a
depth of 600 feet and of a silicified tree stump in the [Stratton’s] Independence
mine at a depth of 500 feet. In July, 1905, a carbonized tree trunk was found on
the 800-foot level of the Elkton mine. A letter from Mr. E. M. De la Vergne, the
manager of the mine, dated November 25, 1905, states that the log is 18 inches in
diameter and was at that time exposed for a length of 5 feet. It lies in hard
unfissured breccia, about 40 feet west of the Elkton basic dike, and the matrix
shows the impressions of knots and bark. A specimen from this tree trunk, kindly
supplied by Mr. De la Vergne, retains the rings of growth and other general woody
structures, although the material is now altered to coal like that found in the
Doctor-Jackpot mine. According to Prof. F. H. Knowlton the tree was undoubt-
edly a conifer and probably belonged to a species of Pinus.

In view of these various occurrences there can be no question that vegetation of
the time of the Cripple Creek eruption was buried in the breccias to depths which,
after erosion, are still to be measured by several hundreds of feet. This fact, more

e The Cripple Creek volcano: Trans. Am. Inst. Min. Eng., vol. 30, 1900, p. 384.
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than any other, helps us to realize the force of the explosions that brecciated the
rocks and the thorough mixing of the shattered material, whereby trees and pre-
sumably weathered surface rocks could be so deeply entombed. Such mixing
could scarcely take place unless the materials now filling the volcanic neck had been
actually blown into the air, leaving a great pit into which they fell back in chaotic
confusion. The position of this carbonaceous material affords material support to
the view, presented in subsequent pages, that the Cripple Creek ores were deposited
at a very moderate depth; or, in other words, that the post-volcanic erosion has
effected little more than the reduction of a comparatively small volcanic cone.

The presence of charred or carbonized wood is by no means uncommon in
volcanic necks, and has been recorded by Archibald Geikie® in those of Scotland and
by Cross? in the agglomerate of the Bassick neck in Custer County, Colo.

INTRUSIVE MASSES WITHIN THE VOLCANIC NECK.

The breccia, which constitutes the main filling of the volcanic funnel, incloses
a number of masses of latite-phonolite and of syenite. These bodies are largest
and most abundant in the part of the central breccia area lying between Victor and
Cameron—that is, in the southeastern part of the volcanic neck.. They are generally
of very irregular shape and are undoubtedly in most cases intrusive into the breccia.
Sharp contacts, however, seldom occur, as the adjacent breccia is often composed
of fragments identical in petrographic character with the massive rock, and the
massive rock itself is in many places greatly shattered. It is conceivable that
some of these masses are remnants of larger intrusions solidified early in the volcanic
period and partly shattered by later eruptions.

The syenite occurs only within the main breccia area. The largest mass,
which is inseparably involved with latite-phonolite, is at the south end of the town
of Independence, and with other bodies exposed in the workings of the Vindicator
mine. A smaller mass lies just west of the Vindicator body and is exposed under-
ground in the Last Dollar mine. A third intrusion is mapped on the north slope of
Battle Mountain and has been reached underground in the workings of the Portland
mine. A fourth mass occurs at the Pointer mine, on the southwest slope of Gold
Hill, and a fifth near the Logan mine, on Bull Hill.

In Poverty Gulch are two dikes which were shown as andesite on the first
geological map of the district. Though decomposed, they seem to be mainly
syenite with perhaps some latite-phonolite facies. The longer dike is exposed in
the workings of the Molly Kathleen mine, on the south slope of Tenderfoot Hill.

The Vindicator syenite mass, which in all probability consists really of several
masses associated with latite-phonolite, gives place on the lower levels of that mine
to latite-phonolite which is known to be continuous with the latite-phonolite of the
Golden Cycle mine, north of Goldfield. The Last Dollar syenite body continues to
at least 1,200 feet in depth, but shows many local gradual transitions to latite-
phonolite. On the whole, latite-phonolite predominates underground in the Last
Dollar and is probably connected with the syenite and latite-phonolite of the Vin-

a On the Carboniferous volcanic rocks of the basin of the Firth of Forth—their structure in the field and under the
microscope: Trans. Roy. Soc. Edinburgh, vol. 39, 1880, p. 471.
b Geology of Silver Cliff and the Rosita Hills, Colorado: Seventeenth Ann. Rept. U. 8. Geol. Survey, 1896, pt. 2, p. 311.
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dicator and Golden Cycle mines. The Battle Mountain syenite and latite-phonolite
are also facies of a single intrusive mass.

The latite-phonolite occurs mainly as irregular stock-like bodies or in thick
sheets. A good example of the former type of occurrence is found in a biotitic
variety (biotite trachyte) which is exposed over a large part of the northern slope of
Battle Mountain and in the workings of the Portland and Dead Pine mines. The
No. 3 shaft of the Portland mine was started in this rock and continued in it to a
depth of about 1,000 feet. It then passed out of the latite-phonolite into breccia,
the irregular contact between the two rocks here dipping to the west. A narrow
tongue of the latite-phonolite passes through the saddle of Battle Mountain, extends
southward nearly to the granite, and is reached in some of the western workings of
the Portland mine and in a northeast crosscut in the Dead Pine mine. This intru-
sive body was described by Cross as a mica andesite, but on account of its unsatis-
factory surface exposures was not mapped by him. Underground workings have
since thrown considerable light upon the shape and extent of this intruded body.

Another irregular mass of latite-phonolite which sends out a number of dike
apophyses lies between Battle Mountain and Goldfield. This rock was mapped by
Cross as augite andesite and was thought to be a remnant of an early surface flow
that had been partly brecciated by later volcanic explosions. It has not been so
well exposed underground as the micaceous facies of Battle Mountain, but has been
cut at a sufficient number of places in the Portland and Independence mines to
demonstrate its irregular intrusive character. The adit level of the Portland mine
is in this rock for about 1,000 feet from the portal. Owing to the general eastern dip
of its western contact, the latite-phonolite lies to the east of the principal Portland
workings on the 500-foot and lower levels. It occasionally shows syenitic facies.

- The large area of latite-phonolite extending from Bull Hill to the saddle north
of Battle Mountain, though connected with dikes, seems to be in the main a thick,
irregular intrusive sheet. The shaft of the Blue Bird mine penetrates this sheet and
passes into breccia at a depth of from 300 to 400 feet. The same relation is shown
in the Dante, Gold Sovereign, and other mines in the vicinity, which at depths of a
few hundred feet at most pass out of latite-phonolite into breccia. The flat bottom
of the sheet is exposed also in the Lower Trail tunnel in Arequa Gulch, above Elkton.
The mass of latite-phonolite reaching from Independence to Altman also has a nearly
horizontal under contact near the Shurtloff No. 2 shaft, which is reported to pass
into breccia at a depth of about 500 feet. On the east side of the mass, however, the
workings of the Deadwood No. 1 mine show the contact to be nearly vertical for a
depth of at least 300 feet.

The shape of the large body of latite-phonolite that underlies the town of Altman
and extends down through Independence is unknown. The southwest contact of
the mass with the breccia is very steep at the Findley mine, for on the 900-foot level
syenite (probably the equivalent of the latite-phonolite on the surface) is reached
130 feet east of the shaft.

- The contact of the breccia with the latite-phonolite or syenite, between the
Vindicator and Lillie shafts, is almost vertical for a depth of 1,000 feet. No breccia
has been found underneath the Vindicator area of syenite. In all of the lower levels
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of the Vindicator latite-phonolite prevails, but it contains two or three smaller
masses of syenite which are usually separated from the latite-phonolite by sharp
contacts, although in some places there is a gradual transition.

A very persistent dike of latite-phonolite traverses the breccia in the Hull City
mine, from the massive rock in the Vindicator to some point in the Findley ground.

The Zenobia and Pharmacist mines show that the large mass of latite-phonolite
north of Altman is overlain on its western side by breccia. The arm extending from
the main mass to Bull Cliff is exposed in the Isabella mine where, at a depth of about
1,000 feet, it contracts rather rapidly to a narrow dike. »

Little is known of the shape of the intrusive masses of Big Bull Mountain, as they
are unexplored by deep mines.

Two masses of latite-phonolite are exposed on the south slope of Gold Hill and
in the workings of the Anaconda mine. The eastern mass was mapped by Cross as
syenite porphyry, while the western one was represented by two separate dikes of
andesite. A mass of latite-phonolite of unknown size is cut in a west crosscut from
the Anaconda tunnel toward the E. Porter Gold King mine, but this body isnot known
to reach the surface. Like the two occurrences mapped it is apparently intrusive
into the breccia, although the contact is, as usual, rather indefinite.

As has been already noted, the syenite usually shows gradations into latite-
phonolite, indicating that the two rocks are facies of a single intrusion of magma.
In some places, however, as in the Vindicator mine, the two rocks are in eruptive
contact, showing that one facies had solidified before the intrusion of the other. It
is not always clear, in such cases, which is the later rock.

The peculiar trachydolerite of Bull Cliff is probably an intrusive sheet whose
upper surface has been uncovered by erosion. It is clearly younger than the latite-
phonolite and is probably younger than the latest eruption of phonolite; but it
is older than the basic dikes described in a subsequent section.

OUTLYING INTRUSIVE MASSES.

‘While the intrusive masses (exclusive of small dikes) in the breccia of the vol-
canic neck are nearly all syenite and latite-phonolite, the outlying intrusions derived
from the Cripple Creek volcanic center are nearly all phonolite. In most cases, as
on Pisgah, Rhyolite, Copper, Trachyte, and Straub mountains and on Grouse Hill,
the phonolite bodies of considerable area seem to have the form of irregular sheets,
which, however, may be merely the upper expanded parts of plug-like intrusions.
These sheet-like bodies are sometimes directly connected with dikes. Between
such sheets and the phonolite dikes later described no sharp distinction can be made.
The phonolite sheets are rarely associated with important deposits of ore.

The phonolite mass of Beacon Hill is an eruptive plug filling an elliptical con-
duit in the Pikes Peak granite. As this plug is encircled by productive ore deposits
it has been exposed at a number of points in the El Paso, Gold Dollar, and smaller
mines in the vicinity. The contact dips steeply into the hill, the average angle being
near 75° If this dip should comtinue downward at the same angle, the bottom of
the phonolite would be found at an approximate depth of 2,200 feet. The walls of
the conduit, however, are likely to become steeper or more irregular at greater depth.
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A. VICTOR, FROM SQUAW MOUNTAIN.

The shaft house of the Gold Coin mine is in the left foreground, and that of the St. Patrick mine in the middle-ground.

B. BATTLE MOUNTAIN MINES, FROM SQUAW MOUNTAIN.

Goldfield is in the distance, with Big Bull Mountain and Pikes Peak on the sky line.
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The contact is usually sharp and in many cases minutely irregular. In places,
particularly on the west side of the hill, the granite is only slightly brecciated at the
contact. Klsewhere, as in the Gold Dollar mine, the two massive rocks are sepa-
rated by as much as 15 feet of breccia composed of mingled fragments of phonolite
and granite. In the open cut and stopes of the Prince Albert mine, on the east side
of the hill, bodies of similar breccia are inclosed in the phonolite.

The orifice now sealed by the phonolite was probably formed by a local explo-
sive eruption and was partly filled with breccia, this breccia being subsequently
forced out and replaced by the inirusion of the massive phonolite. It is possible
that greater erosion of the district would expose similar plugs which are now capped
by thick irregular sheets.

DIKES OF THE VOLCANIC PERIOD.

The breccia and latite-phonolite and the surrounding pre-Cambrian rocks are
cut by abundant dikes of phonolite, ranging in width from a few inches to 400 feet.
While many of these phonolitic dikes belong to late phases of the eruptions, much
phonolite was erupted at earlier periods and these masses contributed their frag-
ments to the final breccia produced by the volcanic explosions. The diversity in
age of the phonolite intrusions is shown by one phonolite dike cutting another, as
may be seen half a mile east of Galena Hill, or by phonohte dikes cuttmg breccia
composed of phonolite fragments, as may be seen in the mines of Raven Hill. In
a general way there is a rough radial arrangement of the phonolite dikes around the
main volcanic neck; but the dikes are often exceedingly irregular and not all of
them conform to this plan.

The number of these dikes is vastly greater than can be indicated on a geolgo-
ical map of the scale used in this report. They are found in practically all the
mines of any size and in many cases do not appear at the surface. They can be
studied to particular advantage in mines situated in the granite, such as the Gold
Coin, Dead Pine, Granite, and Independence, their green-gray color and aphanitic
texture contrasting much more strongly with the granitic rocks than with the
volcanic breccia. In the Gold Coin mine the remarkable irregularity of some of
the dikes is clearly shown. They branch and coalesce; they swell and pinch out;
they change abruptly in course and dip; or they turn sharply into irregular, nearly
horizontal sheets, in some cases resuming the vertical dike-like form a few feet
away.

The phonolite dikes are of much economic importance in the Cripple Creek
district, as will be pointed out in the section devoted to the ore deposits.

The last eruptions from the Cripple Creek volcanic center were the basic dikes.
Like the phonolite dikes, they show a certain tendency to radiate from the central
part of the district. They are less abundant, however, than the phonolite dikes
and apparently nowhere extend more than 2,000 feet from the volcanic neck,
while most of them are found within the breccia. Generally nearly vertical, few
of them are over 5 feet wide and they are usually fairly regular in trend. They
occur characteristically in zones, of which the individual members seldom continue
for long distances. Usually as one dike of such a zone pinches, another appears
in a parallel fissure a few feet away. In some places the two dikes are seen to be
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connected ; in others they appear to be entirely separate. The basic dikes decom-
pose readily and are not well exposed except in the mines. Though many of them
have no known connection with ore deposits, others, such as the Elkton-Raven,
Conundrum, Strong, Anna Lee, North Star, Dolly Varden, Pinto, and Block 8
dikes either contain ore or are closely associated with ore bodies in other rocks.

TOPOGRAPHIC DEVELOPMENT.

INTRODUCTION.

Erosion in its various forms is at the present time the only agent of importance
that is shaping the topography of this district by sculpturing its surface. But
during past times constructive as well as destructive forces were at work, and
during the epoch of eruptions the former were of sufficient intensity ‘to over-
come the work of the latter by building mountains of tuffs and ashes and lavas,
which erosion again is in a fair way to obliterate. It is difficult to trace the
physiographic history of a small district without going beyond its borders, and yet
a little light may be thrown on the subject by a study of the surface forms near
Cripple Creek.

In attempting to trace the topographic development we shall find it impossible
to go further back than to the time just antedating the volcanic eruptions, that is,
the middle or end of the Tertiary age. The inquiry resolves itself into three parts:
(1) What were the surface forms previous to the volcanic eruptions? (2) What
were the surface forms at the close of the volcanic epoch? (3) What changes have
been effected since that time?

PREVOLCANIC CONDITIONS.

Broadly regarded, the region is an undulating plateau, a truncated upland
with elevations of from 9,000 to 10,000 feet, above which some points rise to indi-
vidual prominence. This plateau is deeply scarred by the abrupt canyons of Oil
and Beaver creeks, which drain southward into Arkansas River.® In the local
area this plateau finds expression in the rolling hills southwest of Cripple Creek and
in Beaver Park in the northeast corner. The individual hills rising above this are
represented by Trachyte, Rhyolite, and Big Bull mountains, and the volcanic
complex of hills clustering about Bull Hill. The incised canyons are represented
by Wilson Creek, Cripple Creek, and Spring Creek. If it were always possible
to distinguish between intrusive and effusive igneous contacts the task of mentally
restoring the prevolcanic surface would be much easier.. No decisive evidence
regarding this surface is offered by the whole southwestern contact line of breccia
and granite. But on Big Bull Mountain, along Grassy Creek, and on parts of
Carbonate and Mineral hills, as well as on Copper Mountain, there is some good
evidence that the breccia rests in general on an old surface of granite and other

‘rocks. It is inferred with some certainty that Big Bull Mountain existed asa
rather prominent point in prevolcanic times, and that undulating hills along the
north side of Grassy Creek and the summits. of Tenderfoot and Carbonate hills
formed part of this prevolcanic surface. The points mentioned belong to the

aSee Geologic Atlas U. 8., folio 7 (Pikes Peak), U. S. Geol. Survey, 1894.
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general plateau referred to above and the coincidence suggests that this plateau
is of prevolcanic age. Still better evidence is obtained from
certain detrital deposits which belong to the volcanic epoch or
to the one just preceding it. In the city of Cripple Creek, at
the reservoir, situated on a spur of Mineral Hill, at an eleva-
tion of 9,600 feet, lies a small deposit of nonvolcanic conglom-
erate with large waterworn bowlders of granite, gneiss, and
diabase (p. 22); it is not more than 50 feet thick and is appar-

- ently overlain by the breccia which caps the spur north of the
reservoir. There is good reason to consider this as pre-
volcanic gravel filling a depression in the general surface of
the plateau, whose antecedent slopes rise gently on the north,
east, and west to a height of several hundred feet, while the
natural outlet of the hollow would have been southward or -
perhaps into the area now occupied by volcanic rocks.

On Straub Mountain and Grouse Hill rest detrital rocks of
granitic origin with a maximum thickness of 150 or 200 feet.
They are poorly sorted, consist mostly of sand and fine gravels,
and are believed to have been deposited as a result of the
first explosive action preceding the actual volcanic outflows.
(See p. 22.) Flat bodies of phonolite are intrusive in these
sands, and as shown on Grouse Hill were once covered by
them to an unknown elevation. As shown in fig. 2, which is
an east-west section through Brind and Straub mountains
and Grouse Hill, these deposits rest on an even surface gently
sloping westward and rising more rapidly northward. The
lowest point of their underlying surface is on the west side of
Grouse Hill, where its elevation is 8,950 feet. To the south the
basal granite rises again very gently, as seen from the contour
lines in the Pikes Peak folio, so that there exists here a dis-
tinct depression, the upper continuation of which most likely
should be traced through the flat amphitheater of upper Wilson
Creek and into the volcanic area at Victor between Big Bull
and Squaw mountains. From here one branch probably con-
nected with the upper amphitheater of Cripple Creek, in the
center of which lies the gravel deposit referred to above, while
another one seems to have headed northward, passing by
Cameron and having its source in the plateau about Gillett.

To sum up, there is good evidence that the surface of
this area as it was in the last part of the Tertiary period is
well represented by the irregular granitic plateau with general
elevations of 9,500 to 10,000 feet, which, though greatly dis-
sected, now extends to the south and southwest of Cripple
Creek. The undulating country of Beaver Park plateau about
Gillett belongs to this plateau. The erosion effected in it by
the present Beaver Creek probably does not amount to more
than 100 feet. Above this plateau rose flat-topped hills such as Big Bull Mountain,
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Cow Mountain, and the several projecting shoulders of Pikes Peak. Other emi-
nences like Trachyte, Rhyolite, and Brind mountains may also have had a similar
form before erosion, attacking them from several sides, had sharpened their
summits. This truncated topography probably resulted from the long-continued
action of erosion; the plateau is regarded as a peneplain; its higher summits may
possibly be remnants of an older and higher plateau.

EPOCH OF CONSTRUCTION.

This lofty, rolling granitic plateau became, in middle or late Tertiary time, the
scene of intense volcanic activity. Violent explosions with almost inconceivable
force blew a hole through the granite, scattering its débris over the surrounding
country. A remnant of this detritus is still believed to be preserved at the lowest
outlet of the prevolecanic drainage on Grouse Hill and Straub Mountain. Repeated
explosions filled the volcanic neck with breccias, and the result was the upbuilding
of a volcanic cone on the granitic plateau. Final intrusions of phonolitic magmas
occurred in the breccia, in the surrounding granite, and even, as on Grouse Hill and
Straub Mountain, in the granitic débris. The question may now be asked, What
was the height of this cone? This query has more than academic interest, for
another highly important question hinges on this point, namely, At what depth
below the surface were the gold-bearing veins formed?

Recognizing the fact that the sections (Pl. IT, in pocket) of.the present topog-
raphy entirely fail to represent the volcanic mountain which must have existed,
and that near the summits of the volcanic hills are intrusive bodies of granular
rocks, we may conclude that a great part of the accumulated lavas and breccias
and tuffs have been carried away. The height of the mountain must have been less
than one-third the diameter of its base. The steepest slopes of large volcanic cones
are rarely over 30° and toward the base the slopes become very much less steep.

If the summit attained 15,000 feet—about 5,000 feet above the present highest
elevation—the base of this cone must have had a radius of at least 5 miles and
probably very much more. As the prevolcanic surface is reasonably well preserved,
we should expect to find breccias and tuffs—at least in small patches—scattered
over the plateau, especially in the slightly eroded basin of West Beaver Creek near
Gillett. This is not the case. The breccias and phonolite found outside of the
main area are very clearly due to local eruptions. Hence an original elevation
of 15,000 feet seems improbable. On the other hand, the phonolite of Grouse Hill
is evidently an intrusive sheet in the granitic detritus now underlying it, and small
patches of the same granitic sand are found on the summit of the phonolite. Hence
we are justified in concluding that a thickness of at least several hundred feet of
volcanic material once rested on top of this phonolite. From a tentative recon-
struction of the cone as shown in fig. 3, it would seem as if its summit could scarcely
have exceeded 13,000 feet. On this basis the vicinity of Victor would have been
covered to a depth of about 2,000 feet and Bull Hill to a depth of about 2,500 feet.
While these figures are merely tentative, they clearly show that it is very improba-
ble that of 5,000 or 10,000 feet of volcanic material have been eroded—a conclu-
sion that is strongly supported by the occurrence of carbonaceous material in the
breccia as described on page 31.




GEOLOGICAL STRUCTURE OF THE DISTRICT.

EPOCH OF DESTRUCTION.
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Since the volcanic forces ceased,
erosion has had full sway to destroy
what they built up. It is natural that
volcanic cones should fall an easy prey
to the action of atmospheric agencies,
and their destruction is usually early
and complete. But a special reason
contributed to render this process un-
usually rapid in this case. Before the
volcanic epoch the streams flowing on
the plateau were sluggish in their action
and slight in grade. After that epoch
there occurred a general elevation of
several thousand feet, whereby the old
peneplain became a high plateau. The
causes of this elevation, as well as its
exact extent, can not be discussed here;
their consideration properly belongs to
the study of a wider area. At any rate
the streams became rejuvenated and
began to cut back rapidly into the pla-
teau, especially from the southern side,
belonging to the drainage of the Arkan-
sas. To this Quaternary and still active
epoch of erosion must be credited the
deep canyons of the several branches
of Cripple Creek, Spring Creek, and
Wilson Creek. The canyon of the lat-
ter between Grouse Hill and Straub
Mountain is an especially well-marked
and striking case. That the branches
of Cripple Creek and Spring Creek have
also eroded their canyons below the pla-
teau surface in comparatively recent
time is very evident from even a cur-
sory study of the contour map.

There is no evidence of a glacial vz
epoch within the Cripple Creek district 54
except in the northeast corner of the Pk
area, where the glaciers from Pikes oo
Peak reached down and pushed their
moraines almost to Gillett. That the AL
glacial epoch had some influence on the bl
topography of this vicinity is certain. [
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It seems probable that before the glaciation the basin near Gillett drained north-
ward into Oil Creek (see Pikes Peak folio), but that later this drainage was
diverted southward to West Beaver Creek.

The drainage of the volcanic area presents some interesting features. A
fairly uniform volecanic cone will immediately develop a radial drainage system
which is very apt to be superimposed upon the underlying rocks when these are
reached by erosion. This kind of drainage is in fact indicated by Wilson Creek
above Goldfield, by Arequa Gulch, and by Squaw Gulch, but to the north and east
there is no indication of such a radial drainage. This shows, we believe, that the
volcanic cone was not symmetrical, the southwest slope being much more prominent
than the others, and also that the horizontal extent of the base of the volcano was
probably confined within the limits of the special map. Had the deposits covered
Big Bull Mountain and sloped uniformly eastward, gulches leading in that direction
would surely have been established. The southward turn of upper Wilson Creek
at Goldfield indicates that Big Bull Mountain existed at the close of the volcanic
epoch and that it diverted the course of the gulch to correspond to an old pre-
volcanic drainage channel. On the north slope toward Cameron there are no indi-
cations of deep gulches in the volcanic area and it seems very unlikely that Grassy
Creek, which in its flat course shows little evidence of the rejuvenating influence
of the uplift, could have been established had not a slight depression existed
between the volcanic hills and the granitic ridge west of Calf Mountain.




CHAPTER IIIL.—DESCR¥WTION AND PETROLOGY OF THE META-
MORPHIC AND IGNEOUS ROCKS.

By L. C. GraTON.
INTRODUCTION.¢

PLAN AND SCOPE OF THE INVESTIGATION.

The rocks of the Cripple Creek district were made the subject of an extended
petrographic study by Mr. Whitman Cross in connection with his examination of
the geology of the region in 1894. At that time mining developments in the district
were only well begun, and the geological worker had in most cases to be content
with such information as could be derived from natural exposures. For various
reasons—forest covering, presence of soil and slide, and in many cases profound
decomposition of the rocks—the data thus obtained were in large part meager and
unsatisfactory. Decomposition caused most trouble in the most critical portion of
the district—the volcanic area—and made particularly difficult of attainment a
good knowledge of the breccia and the basic dike rocks. In spite of these facts,
that portion of Mr. Cross’'s report? which deals with the description of the rock
formations not only gave the first insight into the nature and relations of these
extremely interesting rocks, but furnished an excellent conception, broad and at
the same time detailed, of the petrology of this district. His work is so well known
to petrographers that further comment is hardly necessary.

The present investigation was conducted under much more favorable circum-
stances. That portion of the district which is of greatest petrographic importance
is now prospected to a degree probably unequaled elsewhere. Developments rang-
ing from shallow pits and trenches to very extensive mine workings actually honey-
comb the rocks near the surface. These openings in several ways lend aid to the
study of the geology and petrology. They furnish definite, satisfactory exposures
of the rocks; they enable fresh material to be collected almost at will, and the
deeper workings, reaching in some cases to a depth of 1,500 feet, afford an under-
standing of structural relations which no amount of surface study could give. With
the conclusions reached by Cross already in hand, more attention could be given
to details in this later work. Furthermore, a somewhat greater length of time was
available for this examination than was at the disposal of Mr. Cross. Finally, this

a The writer wishes to acknowledge his obligation to the authors of this report for their unfailing interest and cooperation
in his work. He owes much to Mr. Ransome for suggestions and helpful criticism both in the field and in the office. The
larger part of the office work has been done under the direct supervision of Mr. Lindgren, for whose advice, criticism, and
aid he is deeply indebted. To both these gentlemen are due his thanks for the oppertunity to study and describe this most
interesting group of rocks. The value of this chapter has been much increased by a careful criticism by Mr. Cross.

b Sixteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1895, pp. 20-58. a
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report is not only based on the studies of the writer, but also embodies those results
of the extended investigations of Mr. Lindgren and Mr. Ransome which have a
bearing on petrography.

Under these advantageous conditions the work was carried on so far as possible
independently and as if original, and it is gratifying to know that it sustains the
main conclusions of Mr. Cross.: On the other hand, results which differ from his
have been obtained in some instances and considerable that is new has come to light.
Such differences, however, are in many cases unessential and may often be explained
by the difference in conditions of work already noted.

While the present account of the petrology of the district thus comprises much
that is contained in the earlier report, it has been deemed advisable to present it in

- full. This decision has been largely based on the fact that the early report is out
of print and also on the belief that this independent verification of Cross’s principal
results can not fail to add to their value. Moreover, an adequate presentation of
such features as are new and different can hardly be given without a full statement
of the results common to both investigations.

The essentially economic character of the study of which the petrology is but a
part has rendered it desirable that the conclusions reached and the distinctions
recognized in the mapping and in the petrographic descriptions be of practical
application not only by the experienced petrographer but by the miner as well.
Minor variations within rock masses or among different bodies of the same general
type have consequently not been made prominent, though they have been noted
and described. While this desideratum has been borne in mind, it has, neverthe-
less, been the endeavor to make the treatment scientifically accurate and to bring
out such petrologic principles as are exemplified by the rocks. It may not be inap-
propriate to state that the descriptions and conclusions here given are based on a
study of the large collections of rocks, with numerous thin sections, from the Pikes
Peak quadrangle and the Cripple Creek district made by Mr. Cross and kindly placed
by him at the writer’s disposal, and also of the specimens, numbering about 750,
with very many thin sections, collected during the resurvey of the district. Each
rock type is thus very well represented, and nearly all the important rock masses
have been studied by means of numerous specimens. It has been sought throughout
to make this a study of geological units—rock masses—instead, as is so often the
case, of particular, individual hand specimens. It is believed that the large number
of specimens has made possible a fairly satisfactory achievement of this aim.

In view of the close relation existing between the processes of rock alteration
and those of ore deposition, especial attention has been given to the subject of
decomposition and alteration of the mineral components of the rocks.

OUTLINE OF THE ROCK FORMATIONS.

The rock formations of the Cripple Creek district may be divided into two very
distinct groups. Omne comprises ancient crystalline rocks, which make up a great
portion of the Colorado range and the plateau to the west and upon which Paleozoic
and later sediments have been deposited. These rocks originally occupied the
entire area of the district.
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In Tertiary time, as a part of the great eruptive activity manifested in this
general region, a volcano broke through these fundamental rocks at about the center
of the area. The products of this Cripple Creek volcano, together with a minor
occurrence of a rock of about the same age, but having a different source, constitute

the second group. "
! ANCIENT CRYSTALLINE ROCKS.

The rocks of the older division embrace granites, gneisses, and schists, and in
addition a small area of olivine syenite and numerous dikes of diabase which cut
the first three named above. All are probably of pre-Cambrian age.

GRANITE.

The granites of the district may be divided into a number of varieties, each
distinctly recognizable in the field. They were described by Cross and named,
respectively, Pikes Peak, Cripple Creek, and Spring Creek types. No attempt to
separate them on the map was made by him. Dr. E. B. Mathews, who assisted
Mr. Cross in the mapping of the Pikes Peak quadrangle, has made a somewhat
detailed study of the granites within that area and has published his results in the
Journal of Geology, volume 8, 1900, pages 214-240.

PIKES PEAK GRANFTE.

The Pikes Peak variety, the most extensively developed rock in the district,
occurs to the north, east, and south of the area occupied by the volcanic rocks and
for long distances in those directions beyond the limits of the region shown on the
map. It is a light-pink to red coarse-grained rock, noticeably deficient in dark
constituents, and much of it rather poor in quartz and hence consisting largely of
an alkali feldspar which in some cases gives to it a porphyritic appearance through
the development of more or less idiomorphic columnar individuals up to over an
inch in length. Many of these large feldspar crystals are so arranged as to give to
the granite a rather pronounced flow structure, and this drawn-out appearance is

' increased in many places by shearing. At some points, as on Calf Mountain, the

shearing has been sufficient to transform the granite into a gneiss, with tails or
schlieren of the quartz, feldspar, and mica fragments, and knots or augen of the
feldspar phenocrysts. Not uncommonly even these traces of original texture are
obliterated over small areas, and the equivalence of the resulting even-grained
much foliated gneiss to the Pikes Peak granite is established only through marginal
gradations into more massive rock. The extreme degree of foliation is reached
along certain narrow zones where shearing has been so intense that a true schistose
structure has been developed. Weathering causes a marked disintegration of the
rock, furnishing a medium-grained angular gravel, composed either of separate
mineral grains or of small fragments of the rock. This disintegration, with the
formation of gravel, unquestionably has much to do with the even slopes of many
of the granite hills. The massive rock is thus covered, and more advanced stages
of decay are not often observed.

Under the microscope microcline with its characteristic twinning is seen to be.
generally the most abundant constituent and is usually fairly fresh. Plagioclase
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is another important component and proves to be a sodic oligoclase. Beside the
prevailing albite twinning lamellee arranged according to the pericline law are
sometimes seen. The mineral is often turbid through kaolinization. Orthoclase
is more variable in amount, from fairly abundant to rare, but is on the whole less
common than plagioclase. Microperthite is plentiful in some specimens, while less
regular intergrowths, resulting in uneven extinction, are occasionally feund.

Quartz, though present in varying amount, is exceeded in abundance only by
microcline when the group as a whole is considered. It occurs in irregular grains,
ranging in size from exceedingly small ones up to those several millimeters in
diameter. It is not much cracked, gives simultaneous extinction, and is glassy,
but contains countless small fluid inclusions arranged in intersecting lines or planes
which appear to have no definite crystallographic direction, or are crowded in
certain parts. Another class of inclusions consists of minute hair-like rods or
needles, without definite arrangement and usually of dark color. A few of the
largest are brown and very strongly refracting, and it is possible that they are all
composed of rutile. Several small rounded grains of quartz with the same orien-
tation ave sometimes seen penetrating an individual of feldspar, and more typical
micro~ _natitic intergrowths occur as small patches giving arborescent figures in
polarized light; sometimes the orientation of one of the constituents is similar to
that of a near-by individual of the same mineral. A decrease in the amount of
quartz may produce a syenitic facies of the granite, like that from the Ajax mine,
an analysis of which is given on the next page.

Biotite is the only ferromagnesian mineral present and is rarely abundant.
It occurs in isolated plates or as clusters of irregular scales and is usually greenish
brown in basal sections and yellowish parallel to the vertical axis. Chloritization
is sometimes considerably advanced, producing a material ranging from strongly
pleochroic to almost colorless. Locally, along with the chlorite, small granular
particles of epidote and of black iron ore separate out along cleavage planes. The
colored chlorite apparently contains much of the iron of the mica, for separation
of iron oxide is a less common accompaniment of the green than of the colorless
variety.

Of the accessory minerals, apatite in the usual prismatic habit and magnetite
in large and small grains are the most common. Zircon is at times comparatively
abundant. In numerous instances it is dull and in reflected light appears whitish
and opaque as if through decomposition. Here and there a fragment of titanite
is present. Some of the small brownish crystalline particles included in the quartz
appear to be referable to rutile, while prismatic or rounded grains of a different
character of brown, noticeably pleochroic, correspond to allanite. Minute corroded
fragments of biotite when cut somewhat inclined to the base are readily confused
with the latter mineral. Flakes of hematite or limonite, probably secondary, are
sometimes present in the quartz and feldspar. Near mineral-bearing fissures
pyrite and occasionally fluorite and zinc blende are introduced and the feldspars
are partially sericitized.

With the exception of the gneissic structure sometimes developed as above
mentioned, the texture of these rocks is typically granular.
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The chemical character of this type of granite is expressed in the following
analyses, made by Doctor Hillebrand:

Analyses of Pikes Peak granite.

1. IT: | I. I1.
|

BEOS. i o wndnmmmmtinsmemmmis s p o s 77.03 66.20 None.
AUO 7 i s et et nmom kA s SR S G 12.00 14.33 Trace.
o O "6 2.09 ®)
5 R RNE WS s AW NN .86 1.93 .12
MEO. savamtis s ook s b e .04 .89 .13
RO cosmes s RS RS SR RS .80 1.39 .18
NAD . vismnscnammmsamsssssbsms Saesoss s 3.21 2.58 Trace.
B o ol st e 4.92 7.31 Trace.
B0 e s s cempssipiassssssiissay .14 .48
HiD s svmsnsmmihaimmesswsmisssmmme s s .30 .83 90,74
G 10 U S 13 65 Liess OHOr F..neonnonmmmonasensmes .15 0.
Y . .02 100. 40 09.74
{6 RO SRS PR, .36
B socms st SRR e i SRR e i Trace. .25

1. Pikes Peak granite. Typical. Sentinel Point, western part of Pikes Peak massif. Jour. Geol., vol. 8, 1900, p. 237.
II. Pikes Peak granite. Local syenitic facies. Ajax mine, level 6.

CRIPPLE CREEK GRANITE.

Extending from the volcanic area westward beyond the mapped district is a
light-red granite, which differs in texture from the Pikes Peak type and which has
received the name Cripple Creek type. It is a medium, fairly even-grained rock,
with an occasional feldspar larger and more idiomorphic than the rest, causing a
slight porphyritic appearance. Quartz is somewhat more abundant and more
evenly distributed than in the Pikes Peak granite, and the same may be said ol
mica. To this type is assigned the island-like mass of granite in the breccia on Bull
and Ironclad hills.

Concerning the correlation of the dikes and irregular masses of finer grained
granite found cutting the Pikes Peak granite, there may be some doubt. Mathews
refers some of them to the Cripple Creek type and some to a separate division which
he calls the ‘“fine-grained type.” But from such evidence as could be obtained
both in the field and with the microscope, the smaller areas appear to be composed
of a rock which corresponds closely with the Cripple Creek variety, and where it was
possible to define their boundaries, they have been mapped as such. It is not
unnatural that the smaller masses should in general have a finer grain than the
large areas. The Cripple Creek granite has suffered much less shearing and deforma-
tion than the Pikes Peak type.

The results of the weathering of this rock contrast in some respects with those
produced by that of the coarser grained variety. Instead of crumbling to angular
gravel, this granite yields on disintegration subangular blocks of large and small
size. This probably accounts for the apparent abundance of the dike granite in
the Pikes Peak variety, fragments of the finer grained rock littering the surface of
the coarser grained rock. On this account also the mode of alteration of the

13001—No. 54—06——5
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Cripple Creek granite is more readily studied than in the Pikes Peak type. Biotite
loses more or less iron, which distributes itself through the partially kaolinized feld-
spar and deepens the red color of the rock. Further change leaves the biotite
conspicuous though lusterless and gives to the rock a dirty brownish-red color.
Along phonolite dikes a common decomposition leaves the rock porous through
removal of much of the quartz and mica.

A microscopical examination of this rock confirms the conclusion that its
composition is not very unlike that of the Pikes Peak variety. Microcline is probably
the most plentiful constituent, and is usually comparatively fresh. Insome
instances, besides the usual crosshatching due to the combination of albite and
_ pericline twinning, individuals are twinned according to the Carlsbad law. Occa-
sionally a fine mlcroperthltlc intergrowth is present, and the mineral then becomes
microcline-microperthite, but whether the other component is orthoclase or plagio-
clase could not be determined. Orthoclase, the next abundant feldspar, is usually
untwinned and more or less turbid through the development of kaolin and highly
polarizing aggregates of muscovite flakes. Plagioclase is in general less common
than in the Pikes Peak type, but is more variable in composition, having been found
from albite to calcic oligoclase, inclusive. It is twinned polysynthetically and is
usually turbid like the orthoclase. In a specimen from the Alpha tunnel the
plagioclase appears to have been the earliest feldspar to crystallize; its grains are
often corroded, but where inclosed in microcline, as is not uncommon, it has good
form and the turbid interior is surrounded by an even, narrow border, perfectly
clear and of slightly higher extinction angle. A few grains of ordinary mieroperthite
are present. Quartz occurs as usual in the granites, in irregular grains of varying
size and showing inclusions similar to those in the Pikes Peak type. It is sometimes
present as poikilitic grains in the microcline, and locally shows a tendency toward a
definite intergrowth. Little patches of typical micropegmatite occur at places.

The micas complete the list of essential constituents. Biotite, though seldom
abundant, is the more common, occurring as brown or greenish-brown isolated plates
of not very high birefringence. A frequent product of alteration is chlorite, often
associated with epidote and black iron ore. Fully as common is a bleaching of the
biotite and transformation into muscovite, a process which can be clearly observed
in some sections. Muscovite occurs in three ways—secondary from biotite, as just
noted, secondary from feldspar, and primary. In the second case the aggregate
sericitic mass resulting from the weathering of much of the feldspar seems to-arrange
itself into shreds and patches having similar orientation, thus producing grains of
muscovite. In the last case clear muscovite, often corroded, comes up sharply
against and sometimes penetrates perfectly Iresh biotite of dlﬁ erent orientation; it
also occurs between grains of other components.

In addition to these principal constituents several minerals are present only in
grains of microscopic size. Magnetlte apatite, zircon, and titanite occur in rapidly
decreasing abundance. Small grains of tourmaline are sometimes seen, and show
pleochroism in strong yellows, greenish brown, and blues. Prismatic crystals of
brown color and marked pleochroism are more certainly referable to allanite than
similar grains in the Pikes Peak variety. A few grains of rutile are present.
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Fluorite is present in sections from several localities and in a few instances
appears to be primary, inclosing magnetite and tourmaline, penetrating individuals
of quartz and occurring as sharp interstitial grains between perfectly fresh individ-
uals of other minerals, and also included in feldspar. Cleavage is noticeable and the
color ranges from colorless through pale pink to patches showing very deep purple.
Traces of crystal form occasionally exist and minute fluid inclusions are sometimes
observed. Although some fluorite, known to have been introduced into the granite
through later fissures, occurs in much the same manner as above described, certain
facts support the view that the mineral is in other cases an original constituent of the
rock. Fluorine is known to occur in several minerals in the pegmatite veins which cut
the granite of the peak. Moreover, Mathews’s descriptions of fluorite in the granites
of the Pikes Peak quadrangle furnish almost convincing evidence as to its primary
nature, and perhaps most conclusive of all is its distribution in remote and widely
separated parts of the quadrangle, an area of nearly 1,000 square miles, and in locali-
ties removed from vein mineralization. But it can be stated that within the limits
of the Cripple Creek district primary fluorite is a rare constituent of the granites.

Pyrite occurs in the granite near mineralized fissures, as in nearly all of the
specimens from mine workings. Besides the epidote derived from the decomposition
of biotite, this mineral sometimes occurs as faintly pleochroic aggregate patches
scattered through the more decomposed rocks. Small areas of carbonate are occa-
sionally seen, and hematite and limonite result from the weathering of magnetite.

These rocks have the hypidiomorphic-granular texture of the typical granite.

An interesting result of shearing of this granite is the production, along certain
very narrow zones, of sericite and sillimanite.

SPRING CREEK GRANITE.

The Spring Creek type is not extensively developed, occurring only on the
southwestern half of Red Mountain and on the hill to the south on the opposite
side of Spring Creek. It is a bright-red, even-grained rock, containing conspicuous
rounded grains of quartz 1 or 2 mm. in diameter. No specimen of very fresh
material could be obtained.

The color is found to be due to staining of the turbid feldspar grains with
limonite. While orthoclase is probably the most abundant feldspar, the twinning
of plagioclase is often seen, but further determination is impossible. Microcline
is sparingly present and possibly a little microperthite. Quartz is abundant in
clear grains which sometimes show related orientation when embedded in the feldspar.
In a small dark fragment here and there and an occasional patch of secondary
epidote, there is indication that a little biotite was originally present. Muscovite
appears in the feldspar as small flakes, some of which have the same orientation
and are parts of so-called skeleton crystals. Several small grains of fluorite were
considered by Cross to be primary, but to the writer appear rather as of later age
than the consolidation of the rock.

RELATIVE AGE OF THE GRANITES.

Within the limits of the area mapped, little evidence as to the relative ages of
the Pikes Peak and Cripple Creek granite is furnished by the contact of the two
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rocks in the southwestern part of the district. But from the smaller amount of
shearing and deformation which the Cripple Creek type has undergone, and from
the presence in the Pikes Peak granite of innumerable dikes of a granite which is
almost without question assignable to the Cripple Creek variety, the Pikes Peak
granite may undoubtedly be considered the older. This was the conclusion
reached by Cross and Mathews in a much larger field. No evidence as to the
relative age of the Spring Creek granite was obtained.

PEGMATITE.

Closely related to the granites is pegmatite, which forms innumerable dikes or
veins in various parts of the district. They are rather common in the Pikes Peak
granite and locally occur in the gneiss, but only rarely cut the Cripple Creek granite.
It is believed that most if not all of the pegmatite veins were a late phase of the
eruption which produced the Cripple Creek granite, for in several places, notably
along the Florence and Cripple Creek railroad south of Hollywood, typical well-
defined veins of pegmatite seem to grade directly into dike granite similar in
character to that of the main mass west of Cripple Creek.

The dikes are usually narrow and of red color, being made up principally of a
potash feldspar with considerable quartz and smaller amounts of muscovite and
well-crystallized magnetite. Occasionally the proportion of quartz is much greater,
and the dike then may be mistaken for a quartz vein. Prospecting at several
places has revealed their barren nature.

An examination under the microscope of one of the more ‘“graphic” of these
pegmatites reveals abundant microcline, all arranged with the same orientation.
Quartz, present in about equal amount, penetrates the microcline granophyrically.
Muscovite, often showing beautifully its skeleton structure, is less plentiful and has
different orientation in different individuals. A few grains of magnetite are also

present.
GNEISS.

Rocks of granitic texture, showing marked foliation, but no distinct banding,®
occur at numerous places in the district. They belong to several varieties, but
because of small and indefinite extent all but two have been omitted from the
map. Of these two, both have been given the same color, since the mass on
Calf Mountain is small and its origin is not absolutely certain.

WOMACK GNEISS.

The type of gneiss which has the greatest development underlies most of the
town of Cripple Creek and forms the ridge to the northwest. It also extends as a
band averaging a third of a mile wide from the slope of Gold Hill westward beyond
the boundary of the area shown on the map. A mass of similar character occurs
on the ridge northeast of Cameron and there meets the Pikes Peak granite, but
the nature of the contact is not well shown and the mapping of the rocks at that

a The rocks thus described do not fall under the definition recently brought forward by Van Hise, who applies the
term gneiss to a banded rock the bands of which are petrographically unlike one another. (Mon. U. 8. Geol. Survey, vol.
47, 1904, p. 782.)
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place is approximate only. The rock takes its name from Womack Hill, which
stands at the eastern edge of the town of Cripple Creek and whose western slope
is made up of this gneiss. On the old map the rock was not distinguished, but
was showa partly as granite and partly as schist.

The origin of the Womack gneiss is not certainly known; it was probably
derived by pressure from a granitic rock which, to judge from the small amount of
quartz present in some places, may have been locally of syenitic or monzonitic
character. There is no evidence that it is related to the Pikes Peak granite, and
it is certainly older than the Cripple Creek granite, for it is frequently penetrated
by narrow stringers and dike-like intrusions of the latter, as can be well seen in
the various railroad cuts near the Short Line station and along the streets in the
vicinity of the Warren School in Cripple Creek. It seems probable, therefore,
that it has been derived from a third distinct granite, which, because of the greater
deformation it has suffered, is thought to be older than either of the others.

It is a rather dark, brownish-gray rock of medium grain and fairly uniform
texture, carrying an abundance of red feldspar and deep-brown mica, and appar-
ently not much quartz. It is characterized by a gneissic structure which varies
from schistosity to a foliation so massive that the hand specimen shows almost no
banding, and only larger exposures reveal the true foliated nature of the rock.
Weathering changes the color to a dirty gray-brown, leaves the biotite conspicuous,
and thereby exaggerates the schistose appearance.

Under the microscope orthoclase is seen to be the most abundant feldspar.
Plagioclase is next in importance and is albite or sodic oligoclase. It generally
shows albite and in some cases pericline twinning, but is occasionally untwinned.
Microcline occurs in varying amounts, but is seldom abundant. Quartz is found
to be more plentiful than a megascopic examination would indicate. Inclusions
are almost absent in some specimens, but in others they occur in profusion. As
in the granites, they are fluid-filled cavities. Undulatory extinction is rather
common. The feldspars often hold small oriented grains of quartz, while little
patches of micropegmatite in arborescent patterns are not uncommon. Biotite
is the prominent ferromagnesian silicate and occurs in irregular large and small
plates, frequently corroded, and sometimes contorted. Pleochroism from light
yellow to deep greenish brown is marked, and the absorption parallel to the cleavage
is so great that many basal sections are practically opaque. The mineral doubtless
holds a large percentage of iron. Chloritization is common and decomposition
along the cleavages into epidote and magnetite is not infrequent. Muscovite
occurs sparingly as an original constituent, and sometimes is clearly derived from
biotite with the separation of iron oxide. Apatite is always present, and some-
times is comparatively abundant. Titanite varies in amount, but is on the whole
rather plentiful in very irregular grains. Crystals of zircon are by no means rare,
and occasionally a minute prism of tourmaline and a small lath of primary epidote
are seen. The most important accessory is magnetite, which frequently attains
considerable prominence. In addition to the foregoing constituents, the gneiss
northeast of Cameron contains abundant sillimanite.
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In the undulous extinction of the quartz, the contortion of the mica, and
sometimes distinct cataclastic structure, together with a rude arrangement of the
constituents in parallel position and in bands, there is additional evidence of defor-

mation.
OTHER VARIETIES.

Reddish to dark-gray gneissic rocks, usually of finer grain than the type just
described, occur as streaks and patches within the Cripple Creek granite, particu-
larly near the contact with the Womack gneiss.

Biotite is the prominent constituent, though feldspar is plentlful particularly in
the less foliated types. In some cases there seems to be a direct gradation into the
Cripple Creek granite, suggesting that they have been derived from it through shear-
ing; but their lithological similarity to the Womack gneiss makes it probable that
they are masses of that rock which have been caught up in the granite at the time of
intrusion. The microscope shows that they are practically identical, as to mineral
composition, with the Womack gneiss, except that orthoclase -has been largely
changed to microcline by the crushing which has taken place.

Another variety of gneiss is that derived by shearing of the Pikes Peak granite.
As mentioned in the description of that rock (p. 43), deformation has in some places
been sufficient to produce an augen gneiss or even a still more foliated rock. Gneissic
facies of this kind exist in the neighborhood of the contact with the Cripple Creek
granite in the southwestern part of the district, on Beacon Hill and near the Thomp-
son mine. Still greater shearing has produced a rock which is with difficulty recog-
nized as having been derived from the Pikes Peak granite. All the large feldspar-
crystals have been destroyed and biotite appears to have been formed under the
metamorphosing conditions that obtained. The resulting rock is a dark, micaceous,
decidedly foliated gneiss. It occurs in several places as narrow zones, and in the
southeastern part of the district is frequently encountered in small, ill-defined areas.
A mass on the southern slope of Calf Mountain can be roughly outlined and, as has
been stated, has been mapped with the Womack gneiss. The rock in that locality
bears considerable resemblance to the Womack variety, of which it may possibly be
an included fragment in the Pikes Peak granite. If that be the case, the Pikes
Peak granite is certainly of later age than the gneiss. But marginal gradations into
fairly massive granite and the occurrence of narrow strips of similar rock along
near-by shear zones make it probable that the gneiss has been formed directly from
the Pikes Peak granite.

Related to the foregoing, and probably representing even more intense meta-
morphism, are the narrow, dike-like zones of dark-colored foliated rock—for exam-
ple, the so-called ““schist vein’’ encountered in the Ajax mine and the similar occur-
rence in the cut on the Low Line of the electric railway near the point where it passes
under the Florence and Cripple Creek Railroad west of Victor. These are made up of
clear, untwinned feldspar, a few grains of quartz, abundant green biotite, and con-
siderable actinolite, with small amounts of apatite, sphene, and magnetite. Recrys-
tallization has doubtless occurred, but crushing is evident notwithstanding.
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SCHIST.

The foliated rocks of granitic texture have been described in the preceding para-
graphs as gneisses. Besides these, however, there occur in the district areas of
decidedly foliated and cleavable rocks, the origin of which is not clear, but which can
be easily mapped and are here described under the name of schist. More specifically,
they are quartz-muscovite schists. The areas designated as schist on Cross’s map
contain, besides the above rocks, several masses of what is in this report considered
as gneiss. 4 :

A microscopic examination would seem to indicate two different types—one
exceedingly schistose through the development of silvery or purplish muscovite in
flakes up to a centimeter or more in breadth, the other more dense and massive, gray
to nearly black, and apparently mica-free. But in reality these two types can not be
separated; they grade into each other. The denser type is found carrying muscovite
in increasing amount until it can not be distinguished from the more schistose. That
this gradation is areal as well as constitutional can be seen in the schist mass north-
east of the town of Cripple Creek, where the northwestern portion is chiefly of the
denser type and the rock becomes more and more schistose toward the southeast.

Rocks of this kind form a northwestward-trending belt about half a mile wide
and 4 miles long, reaching from Cameron to the base of Red Mountain, interrupted,
however, by areas of later volcanic rock. In a general way this belt separates the
Pikes Peak granite on the northeast from the gneiss on the southwest. A smaller
belt of like direction and similarly interrupted reaches from the western slope of Gold
Hill to the foot of Mount Pisgah, and possibly beyond. This strip roughly marks the
line between gneiss and Cripple Creek granite.  An area of schist surrounded by
breccia, near Fairview station, on the High Line, may represent a continuation of this
belt. An uneven narrow band of schist of the same character as the foregoing rocks
follows the contact between the Cripple Creek and Pikes Peak granites west of Beacon
Hill.

The microscope shows that all the rocks have a pronounced schistosity. Their
most characteristic component is an aggregate mass of sericite, which shows by the
parallel, almost fluidal arrangement of its minute shreds that the rocks have been
much sheared. In the denser rocks sillimanite occurs very frequently with the seri-
cite, in « similar ‘way, forming bands, parallel to the schistosity, of small fibers and
prisms. One or both of these minerals constitute a base or matrix in which are found
individual grains of other constituents. Both are seen encroaching indiscriminately
on all the other minerals, regardless of physical character or chemical composition.

Quartz is often plentiful, occurring as lenses or augen, with numerous smaller
grains forming tails at each end. In many specimens it is penetrated by needles of
sillimanite and shreds of sericite, and in some it is in this way almost destroyed.
Strain shadows and cracks are of common occurrence. A few small grains bf
fresh microcline are noticeable in one or two specimens. Turbid patches, many of
them nearly destroyed by the advancing sericite, in some cases show albite twinning
and extinctions corresponding to albite and oligoclase albite, while in others they
show no twinning and are probably orthoclase. Careful examination by convergent
polarized light reveals the presence of numerous clear grains of untwinned feldspar,
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probably for the most part orthoclase, with cleavage sometimes distinct. Muscovite
is generally rather abundant, especially in the more foliated types, as irregular, ragged
flakes which often appear to have resulted from recrystallization of the sericite
base, while in several instances they are seen to have been derived from biotite. Bio-
tite itself occurs in considerable amount in a few specimens and sparingly in some
others, and at times gives evidence of its former abundance through the presence of
pseudomorphic areas of sericite and strongly pleochroic chlorite, with the excess of
iron separated out along the original cleavages as magnetite.

‘In some of the darkest, least schistose rock from the area south of Red Mountain
there occur, along with abundant sillimanite, numerous grains of a mineral which has
been identified as corundum. It forms hexagonal prisms up to 1 mm. long and half

_as broad, terminated sometimes by the unit pyramid. Sometimes it forms hexago-
nal plates 0.8 mm. across, and frequently it occurs in irregular grains. An imperfect
rhombohedral cleavage is visible in some individuals. At times a patchy but dis-
tinct pleochroism in blue is seen in parts of a crystal. The refractive index is notice-
ably high. Isotropic sections give a uniaxial figure of negative character. The
double refraction, as compared with that of other minerals in the section, appears
somewhat higher than the recorded value for corundum, but owing to its excessive
hardness the grains of this mineral are found to be considerably thicker than the rest of
the slide, and as a result its interference colors are proportionally increased. Prisms
and irregular grains, as well as ill-defined, radiating patches, of epidote are often
observed. Apatite is common in some specimens, and not infrequently small part<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>