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PREFATORY NOTE

After the field work of the area considered in this bulletin,
was well under way, an outline of the geology was presented to
the Professors of Geology of Yale University where Professor
Crawford had done the required resident graduate work for the
degree of Doctor of Philosophy. The Yale professors agreed that
the problems involved in a correct interpretation of the geology
of the region were well suited to form the basis of a thesis for
the degree. The solutions of the problems undertaken, and the
interpretation of the geology of the region are embodied in the
present report which has been approved by the Professors of
Geology of Yale University as a suitable thesis to be presented
in candidacy for the degree of Doctor of Philosophy. It will be
submitted to the Graduate Faculty of Yale University at a later
date.

In preparing this report Professor Crawford has, at his own
expense, done much work not included in the plans of the
Geological Survey. This has added greatly to the value of the
report, and has cost the State nothing. Among other things,
several costly analyses were added, and a great deal of office and
laboratory work was done to perfect the report.

R. D. GEORGE,
State Geologist.
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GEOLOGY AND ORE DEPOSITS

OF THE

MONARCH AND TOMICHI DISTRICTS,
COLORADO

INTRODUCTION

FIELD AND OFFICE WORK

The topographic and geologic maps of the Monarch and
Tomichi districts were made in the summers of 1909 and 1910,
by a single party which spent a little more than five months in
the field. The topographic mapping was done by P. G. Worcester,
R. C. Coftin, R. M. Butters, and G. B. Warner. Messrs. Worcester
and Cotfin were engaged in this work during the greater part of
the two seasons. Messrs. Butters and Warner were in the party
one season each. The primary control was taken from the Hayden
triangulation sheet. Mount Ouray, Hayden’s station No. 1, and
a sharp peak about six miles northwest of Hunts Peak are
stations outside of the area mapped that were occupied. The
topography along the South Arkansas was controlled by the rail-
road map which was tied in by triangulation. Traverse plane-
tables with open-sight alidades were used in both triangulation
and traverses. The elevation of points on the railroad was taken
from the official railway map and profile. With these elevations
for reference, other elevations were determined by means of
aneroid barometers. It is too much to hope that, with the instru-
ments used, there are no errors in the topographic map. How-
ever, the errors of triangulation were kept as low as possible by
the occupation of all the high points in the area mapped, of
which there are many, and by numerous intersections. It is not
probable that many of the contours are in error more than two
contour intervals. While the map may thus be slightly in error
quantitatively, it is qualitatively accurate.

The traverses of the several topographers were combined iand
the complete topographic map prepared for the engraver by
Mr. Worcester.
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The geologic mapping closely followed the topographic map-
ping, and was done chiefly by the writer who was assisted a few
weeks by Mr. Butters and several days by Messrs. Coftin and
Worcester when time could be spared from topographic mapping.
In order to get further evidence on local problems that had not
been solved, to collect fossils, and to see the latest mining devel-
opments, two weeks in 1911 were spent in these districts with
Mr. Warner and a week in 1912 with Mr. Butters.

Professor Junius Henderson identified the fossils collected
and determined the age of the fossil-bearing strata. Mr. Butters
made the assays recorded in this bulletin where not otherwise
credited. The necessary drafting for the report was done chiefly
by H. C. Woods and E. M. Kayden. The plans and sections of
mines and sections of ore bodies are reduced from drawings made
by the engineers of the mines thus represented.

ACKNOWLEDGMENTS
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resident mine owners and officers, miners, and prospectors who
generously gave their time in showing mining developments.
Non-resident mine owners, in their replies to inquiries have
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by Mr. A. Eilers. Messrs. O. H. Aikine, F. P. Black, and
H. J. van Wetering, who have made many surveys for patent,
generously furnished the claim maps in their possession. The
Denver & Rio Grande Railroad Company kindly provided a large-
scale map and profile of the Monarch branch of the railroad.
To all who have thus had a share in this work, the members of
the field party are grateful.

The writer is under deep obligations to Professor L. V.
Pirsson, of Yale University, for assistance in working up the
petrography, for suggestions as to the general form of the report,
and for criticisms; to Professors Joseph Barrell, J. D. Irving,
and Charles Schuchert, of Yale University, for suggestions and
criticisms; and to Professor R. D. George who,'as Director of
the Survey, has imposed no irksome restrictions, yet, on request,
has generously given his opinion on many points. If, in this
report, erroneous conclusions are drawn, the writer is alone
responsible.
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GEOGRAPHY OF THE MONARCH AND TOMICHI DISTRICTS

The Monarch mining district is in the southwestern part of
Chaitee County, Colorado, on the east slope of the Sawatch
Range whose crest forms a considerable length of the Continental
Divide. The Tomichi district, in Gunnison County. joins the
Monarch district on the west and is on the west slope of the
range. The tract surveyed has an area of 120 square miles. That
part east of the divide, 94 square miles, is all in the Monarch
district excepting a small area at the head of Pomeroy and
Grizzly gulches, which lies in the Chalk Creek mining district.

The Monarch district is commonly understood to extend
much farther south and southeast than the limits of the accom-
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Figure 1.—Index map of Colorado, showing position of the Monarch and Tomichi districts.

panying maps. Little development work has been done in the
unmapped area, though at Pass Creek, several miles southeast of
Maysville, a small amount of gold was found, and a group of
prospects south of Greens Gulch has produced a few tons of ore.

The Tomichi mining district, as mapped, covers 26 square
miles. This includes all the producing area of the district,
although a little prospecting has been done farther west. The
mineralized zone extends north into the Quartz Creek district
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which joins the Tomichi district along the divide at the head of

Tomichi Creek. The Brittle Silver mine just north of this bound-
ary has produced considerable high-grade ore.

The population of the two districts has been small for several
years past. In the Monarch district are the permament villages
of Maysville, Garfield, and Monarch. In the summer of 1911
there were perhaps thirty people in and near Shavano, and some-
what fewer in 1910. When the North Fork valley was visited in
1912 Shavano was practically deserted. Whitepine and North
Star are the only inhabited villages in the Tomichi district. The
former town of Tomichi is now deserted and but few buildings
remain; many were razed by a snowslide several years
ago. Monarch, Garfield, and Maysville are on a branch of the
Denver and Rio Grande railroad. A mixed train runs to Monarch
daily from Salida which is distant about 20 miles. Garfield is
also reached by tri-weekly stage, over a good wagon road, from
Salida. A daily stage runs from Sargents, on the Denver and Rio
Grande railroad, to Whitepine, a distance of about 12 miles. In
the summer the Tomichi district is also accessible from Monarch
by way of the Monarch Pass wagon road and a trail across the
range north of the pass.

GEOGRAPHIC NAMES

Nearly all the geographic names used in this bulletin are
local names in common use. In our preliminary report the name
Syncline Hill was applied to the hill north of Monarch, and in
the present report the peak capped with volcaniec breccia is called
Vulcan Mountain. Except a few names to designate certain '
faults and Paleozoic formations no other new names are proposed.

LITERATURE AND PREVIOUS GEOLOGIC WORK

The published accounts of the geology of the Monarch and
Tomichi districts are few and brief. Several references to indi-
vidual mines and output may be found in annual reports of the
Director of the Mint; in various volumes of Mineral Resources
of the United States, published by the United States Geological
Survey; in the reports of the State Geologist and of the Colorado
Bureau of Mines. Ore was not discovered in either district until
after the work of the Hayden Survey, in Colorado, was completed,
and it appears that the geologists of that organization passed
over the region somewhat hurriedly. The Hayden map shows no
Paleozoic sediments in the area covered by the present survey
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excepting a strip south of the South Arkansas near Maysville.
The areal extent of the existing sediments in this locality is
greatly exaggerated on the Hayden map. The pre-Pleistocene
rocks are mapped chiefly as metamorphic granite with small areas
of trachorheite on and near the crest of the range.

Several chapters in the Hayden reports discuss the Arkansas
valley and the broader features of the Sawatch Range; these
chapters are listed below. In 1885, George H. Eldridge of the
United States Geological Survey, examined the Madonna mine
and surroundings, but his report was not published. In 1905,
Van Hise and Leith visited the iron-ore deposits near Whitepine.
A geologic map of these deposits and surroundings was made by
Harder and Ward in 1906. In 1908, Whitepine and other mining
camps of southeastern Gunnison County were visited by J. M. Hill.
The published reports of these. geologists of the United States
Geological Survey, with other writings which have a direct or
indirect bearing on the geology of the area under consideration
are listed below.
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CHAPTER I

PHYSIOGRAPHY AND QUATERNARY DEPOSITS®

TOPOGRAPHY

The region is one of high relief, having a vertical range of
about 6,000 feet. The lowest point, at an elevation of about
8,200 feet, is on the South Arkansas, at the east border of the
area mapped. Shavano Mountain reaches the gréatest height,
which the Hayden Survey gave as 14,239 feet. Mountains having
an altitude of 13,000 feet, or more, are: Bald, Calico, Carbonate,
Clover, Cyclone, Etna, Grizzly, Monumental, Pomeroy, Taylor,
Van Wirt, and Vulcan, besides several which have no names
known to the writer. :

Since a considerable part of the region is above timber-line
and without protective vegetation, many of the peaks and ridges
have very steep slopes, more or less covered with sharply angular
sliderock. At the east border of the Monarch district, north of
the South Arkansas, the slope is gentle and grades into the nearly
level uplands of the Arkansas valley. (See Pl. XVII, 4, and topo-
graphic map.)

Though the relief of the region is high, erosion has removed
a great quantity of material. The Paleozoic strata of Middle
Fork and Taylog Gulch, so tilted that they escape thinning by
erosion, are certainly a mile thick, and very probably 7,000 feet
thick. There is no reason to doubt that most of the region was
once covered by sediments having at least as great a thickness as
that of the strata mentioned. Hence erosion has probably re
moved at least 5,000 to 7,000 feet of sediments from much of the
region, besides a considerable quantity of igneous and meta-
morphic rocks. This does not take into account possible Meso-
zoic and Cenozoic rocks of which there is no record.

The topography has virtually reached the mature stage, if
the effects of temporary interference with stream-work by local
glaciers be excepted. Yet in the upper pafts of their courses the
streams have a high gradient; rapids and small waterfalls are
not uncommon.

1Because of the close connection between these two subjects, they are here
treated in a single chapter.



PHYSIOGRAPHY ANY (JUATERNARY DEPOSITS 2

STREAMS AND SPRINGS

- Nearly all of the Monarch district is drained by South
Arkansas River and its tributaries, of which the most important
are North, Middle, and South forks. Other streams of the South
Arkansas system which flow throughout the summer are:
Cyclone, Jennings, and Hunkydory creeks, tributary to North
Fork; Hoffman and Kangaroo creeks and Lake Fork, tributary
to Middle Fork; Foose, Greens, and Lost creeks, flowing into
the South Arkansas. Browns Creek, which drains a small part
of the Monarch district, empties into the Arkansas River near
Centerville. A part of the rainfall on the slopes northeast of
Shavano Mountain finds its way. to the Arkansas through Squaw
Creek. Grizzly and Pomeroy creeks, heading just north of the
northwest boundary of the Monarch district, are tributary to
Chalk Creek, which flows, in the main, parallel to Browns
Creek and also empties into Arkansas River. Tomichi Creek,
which with its branches drains the Tomichi district, flows about
fifteen miles southward from its source, thence west-northwest
about thirty miles, and empties into Gunnison River at Gunnison.
Tributaries of the Tomichi which flow throughout the summer are
Canyon, Buckhorn, Fort Scott, Robbins, and Galena creeks.

While nearly all the streams mentioned are fed by surface
waters from melting snows throughout almost the entire summer,
many springs contribute a large volume of water throughout the
year. Among the largest of these are the Monarch spring, one
about half a mile east of Garfield south of the South Arkansas,
the spring about three-fourths of a mile south of the saddle be-
tween Missouri Hill and Lost Mountain, and the spring at the
head of Spring Creek in the Tomichi district. Here might also
be mentioned the large stream which issues from the Page tunnel
in Taylor Gulch. This stream does not come from a spring,
strictly speaking, but from a water-course which was tapped by
the tunnel.

Many of the creeks head in glacial cirques, where they are
fed in the summer by melting snow. Lower in their course they
flow in U-shaped valleys or canyons which have been scoured by
glaciers. Marks of the moving ice may still be seen in places on
the canyon walls of Browns Creek and North Fork, as high as
600 feet above the creek beds.
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CLIMATE AND VEGETATION

The summers are short and cool; snow is likely to fall on the
high mountains at any time. The summer snow is, of course,
soon melted, but not in every summer is the heat sufficient to
melt all the accumulated snow of the previous winter. There
is but little uniformity in the precipitation from month to month,
but the annual precipitation is generally considerable.

District Forecaster F. H. Brandenburg of the Denver fore-
cast district, has kindly furnished the record, kept by the United
States Department of Agriculture Weather Bureau, of the pre-
cipitation at Garfield for the years of 1910 and 1911, and at
Marshall Pass from 1900 to 1911, inclusive. The annual precipi-
tation at Garfield in 1910 and 1911 was 17.61 inches and 26.31
inches, respectively. In 1910 the greatest precipitation for one
month was 2.33 inches, in February. In 1911 the greatest pre-
cipitation in a single month was 4.63 inches, in July. At Mar-
shall Pass the precipitation in July, 1911, was 5.98 inches. The
precipitation at Marshall Pass for the year 1911 was 18.70 inches.

The soil in the alluvial valley bottoms near and below Mays-
ville and just south of the south border of the mapped area in
the Tomichi district is fertile and produces good crops of hay,
grain, and vegetables. Small fruits and, at times, apples are
successfully grown in the South ‘Arkansas valley. Although good
native grass grows both above and below timber-line in many
parts of the region, there are many barren tracts.

Formerly pine, spruce, and fir covered most of the high slopes
below timber-line, but much of the timber has been removed. A
few restricted areas—such as parts of the valleys of Browns
Creek, North Fork, and Middle Fork—are still densely forested;
but the renewal of a demand for timber, such as existed in the
eighties, would soon exhaust the supply in the immediate vicinity
of the mines.

GLACIATED AREAS

Not only in the districts surveyed, but also both north and
south of these districts, glacial cirques are common near the
crest of the Sawatch Range. In the mapped area most of the
valleys heading near the Continental Divide, and a few heading
on the slopes of high mountains some distance from the divide,
have been glaciated. /

Local glaciers heading, respectively, near Agate Pass south
of Monarch, south of Bald Mountain, south of Clover Mountain,
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on Chalk Creek Pass, at the head of Hoffman Park, on the south
slope of Taylor Mountain, and near the source of Foose Creek,
united to form one of the ‘largest glaciers of the Monarch dis-
trict. This glacier was joined at Maysville by another large
glacier formed by the several branches heading, respectively, in
Hunkydory Gulch, north-northwest of Mount Etna, near Pom-
eroy Mountain, near Grizzly Mountain, and in Jennings Gulch.
The course of another large glacier can be traced in Browns
Gulch from the slope of Cyclone Mountain to the mouth of the
canyon and perhaps farther. Small glaciers existed in the valley
of Squaw Creek, on the southeast slope of Shavano Mountain,
and at Cree Camp.

The former glaciers: of the Tomichi district cannot be so
easily traced. There are, however, evidences of glaciation from
Tomichi Pass and the slopes of Granite Mountain along the To-
michi valley as far as it has been mapped. That the glacier which
moved down this valley was of considerable thickness and extent
is shown by the presence of numerous boulders of the Etna
porphyry high on the slopes south of Whitepine. Traces of a
glacier may also be seen near the source of Canyon Creek. In
the Chalk Creek district, Grizzly, Pomeroy, and Chalk Creek
gulches have been glaciated in their upper part.

EFFECTS OF GLACIERS

The glaciers mentioned have been important as a physio-
graphic and geologic agent in four ways, namely: (1) in planing
down and reducing irregularities of surface; (2) in gouging out
rock basins, thus increasing the surface irregularities; (3) in
forming morainal lakes and rough-and-tumble morainal topog-
raphy; and (4) in the formation of the high terraces, which are
designated fluvio-glacial on the geologic map which accompanies
this bulletin.

: PLANATION

Results of glacial planation may be seen in nearly all the
cirques and valleys in which the glaciers moved. In most places
the originally polished surface has been dulled by weathering
and rarely retains glacial striee. Under these conditions the
effect of former glaciers is seen principally in the rounded or
planed surface of the rocks. Good examples of glacially rounded
forms, roches moutonnées, are found near the creek in the granite
area east of Garfield. But glacial abrasion has not been confined
to the bottom of the moving ice-mass. Locally in Browns Gulch
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and North Fork the canyon walls at least 600 feet above the
stream-bed are so smoothed that the sunlight is conspicuously re-
flected from them. Since the canyons were without doubt ma-
terially deepened by glacial erosion, it is not known that this
abrasion was effected synchronously with that of the present bot-
toms of the canyons. Nevertheless, the high terraces described
farther on indicate that the glaciers were several hundred feet
thick.

In a very few known localities in the valley bottoms, where
soil or dehris has evidently overlain the glaciated rocks, stria-
tions and a beautiful polish have been preserved. One of these
examples may be seen in the North Fork valley below Shavano,
where soil was removed when the wagon road was made or re-
paired. Larger visible areas in which the rock surface still re-
taing an excellent polish are found in the granite and granite
porphyry exposures south of Browns Creek.

ROCK BASINS

One of the best examples of glacial gouging in this region is
the rock bhasin occupied by Boss Lake (Pl. VI). The granite sur-
face extending from the lake to the crest of the range, though
glaciated, probably did not suffer great reduction. The low ridge
east of the lake and the outlet were severely abraded; although
the rock, having been metamorphosed, is very resistant. Yet the
weight of ice per unit of area, owing to the eastward-narrowing
of the channel, was sufficient to make the glacier here a power-
ful agent of erosion. While the depth of the water has been in-
creased by an artificial dam, the natural depression is much be-
low the level of the surrounding walls. Glacial gouging was
unusually effective here, perhaps because of mineralization along
the fault which underlies the lake. The postulation of any con-
siderable body of mineral under water, where its existence or non-
existence can be proved only with difficulty, if at all, may provoke
incredulity, or even a smile, on the part of the reader; yet the
supposition is supported by the evidence of much iron sulphide
east and north of the lake, as well as much magnetite and a little
galena just east of the lake.

Other lakes and lakelets whose basins were gouged out by
glaciers are to be seen near the source of Chalk, Pomeroy, and
Grizzly creeks and North Fork, as well as near the crest of the
range west of Monarch and west of Boss Lake. These basins are
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A,—HIGH TERRACES BORDERING NORTH FORK ABOVE MAYSVILLE
Shows also a low terrace west of creek, Sharp peak in background is Shavano Mountain,

B.—BOSS LAKE
The lake occupies a rock basin formed by glacial gouging.
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generally shallow, but the depth of several of them is increased
by morainal damming at the outlet side. Thus nearly every lake
and lakelet in the region owes its origin to glacial action.

MORAINES

Moraines are very common in the region under considera-
tion, but each covers only a small area. Those greatest in areal
extent are shown on the accompanying geologic map. Most of
the smaller ones, as well as those which are so thin that they do
not cover the bedrock continuously, and those which border the
creeks in valleys where the kind of bedrock underlying the mo-
raines is ascertainable from the surtoundings with a reasonable
degree of certainty, are not represented on the map. These could
be shown only at the cost of much time in the field, and would
add little or nothing to the value of the map for the intended
purposes.

In general, the moraines are probably of comparatively slight
thickness. Many have been crossed by prospect shafts fifteen to
thirty feet deep. The greatest known thickness is found just west
of Monarch, where the moraine is fifty-six feet thick, as deter-
mined in a shaft sunk by the Monarch Contact Mining, Milling &
Development Company.

The surface of the moraines is very uneven; a few depres-
sions are so deep as to hold water permanently. As examples
of morainal lakelets, those below Cree Camp may be mentioned.
The morainal material is largely made up of subangular boulders
of nearly all the igneous rocks of the region. Finer material,
while generally present, is not conspicuous at the surface of most
of the moraines. Locally, as in the valleys of Middle and Lake
forks, there has accumulated, on the morainal surface, consider-
able soil, which supports a heavy growth of timber.

Among the largest moraines are those, respectively, in the
vicinity of Monarch, in Middle Fork and Lake Fork valleys, along
the. creek below Cree Camp, in the canyon of North Fork, east
of Shavano Mountain, and on both sides of Foose Gulch. Most
of the moraines are in valleys, but a few occupy ridges or high
slopes. Perhaps the best example of a moraine-covered ridge is
that south of Foose Gulch. West of Foose Gulch are large mo-
rainal patches on the steep slope several hundred feet above the
creek-bed. The small ridge about 700 feet above the creek-bed and
one-quarter of a mile northeast of Garfield is capped by morainal
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material. This is probably a lateral moraine, deposited by the
glacier which meved down the South Arkansas valley. At nearly
the same elevation, about four-fifths of a mile south, is the con-
spicuous lateral moraine doubtless deposited by the glacier just
mentioned. In the Tomichi district, glacial boulders, evidently
from Monumental Mountain, are found on the slopes south of
Whitepine, at an elevation of several hundred feet above the
creek-bed.
FLUVIO-GLACIAL DEPOSITS

HIGH TERRACES

Both north and south of the South Arkansas are deposits
which form high terraces, having a very uniform and gentle slope,
except where they are dissected by erosion. These deposits ex-
tend toward the north many miles on the west side of Arkansas
River, and are designated on the Hayden map in large part as
scattered drift, but in part as moraines. Of the drift Endlich®
says:

Drift covers a considerable area along the western side of .the
Arkansas. A belt of about five miles in width runs along it, keeping
parallel in its course and narrowing out toward the south. This drift is
composed, so far as I have been able to learn from examinations at certain
comparatively isolated points, of material that was brought down by the
river mainly; secondarily, by the different creeks striking the river from
the west. Although glacial action seems to have had considerable effect
in transporting drift-material higher up on the Arkansas, I have not
recognized any such means of conveyance in that portion of our district.
Taking into account the shifting of streams parallel to their own general
course, it becomes evident that the material deposited immediately along
the base of the range parallel to the river must have been deposited by it,
and not by any other means, provided lithological identification of the
drift-rocks admits of no contradiction. This latter does not seem to be
the case, however, and the accumulation of the greater portion of the’
redeposited material I ascribe to the action of the Arkansas. A number
of creeks running out from deeply cut ravines in the mountains have cut
in an almost straight line through the drift; a circumstance which is
readily explained by the fact that its resistance was so small as to necessi-'
tate no considerable deviation from a straight line. As they have cut in
déeply, however, forms strongly resembling moraines have not infrequently
resulted, which might mislead. Opposite station 4, the canyon of the
Arkansas narrows and the drift-deposit disappears.

1Endlich, F. M., Ann. Rept. of the U. S. Geol. and Geog. Survey of the
Terr., 1874, p. 346.
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A,—WATER PONDED BY TALUS NEAR POMEROY PASS

Talus, rolling down over snow-bank, has accumulated some distance from foot of cliff.
Photographed at distance of one-fourth mile from center of lakelet,

B.—LANDSLIDE TOPOGRAPHY NORTH OF TOMICHI
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Though Hayden® believed that a great glacier once occupied
the Arkansas valley, he thought that the surficial deposits were
laid down in a lake. He says:

The Arkansas valley, from its head in Tennessee Pass to the point
where the river cuts through Front Range and 'opens out into the plains,
has been worn out of the granite mass to a great extent. The valley is
partly a fissure, but is mostly due to erosion. The drainage was undoubt-
edly started by the fissures produced by the great uplift, but, as broad
and deep as it is, it is undoubtedly due mostly. to erosion, and by this
illustration we may form some conception of the work of this powerful
agent in giving form to the surface of this mountain region. From the
crest of the Park Range across the Arkansas valley to the crest of the
Sawatch the distance will average from ten to fifteen miles, in a straight
léne, and the average elevation above the water-level of the Arkansas
River must be about 1,500 feet. Now, it is probable that three-fourths of
" this vast space from the Tennessee Pass to the Poncho Pass, near the
head of San Luis valley, a distance of one hundred miles, has been worn
out by erosion, and the greater portion of the material carried down the
river and distributed over the plains. It is probable, also, that this great
space was at no very ancient period filled with one vast glacier, which
doubtless performed the greater part of the grinding-up of the rocks and
the wearing-out of the valley. The glacier-worn sides of the mountains
on either side of the valley extending nearly to the summits, the remark-
able morainal deposits in the main valley and on the sides of the gorges
point strongly to that conclusion. We hope in the succeeding chapter to
describe more in detail the phenomena of ancient glacial action, which is
so admirably shown on both sides of the Sawatch Range. * * *

In the lower portion of the Upper Arkansas I described, in my annual
report for 1869, a group of light-colored marls, 800 to 1,200 feet in thick-
ness, under the name of Arkansas marls. I then regarded them as of
Pliocene age, and noted their inclination as 3° to 5°, which would imply
that they were deposited before the great Sawatch Range had reached its
present height. It is plain that at a period comparatively modern in date
there was a lake here at least forty or fifty miles in length, and from five
to ten in breadth, and that in the lower portions several hundred feet in
thickness of fine sediment were deposited in moderately quiet waters.
The numerous little streams that flow from the Sawatch Range toward the
Arkansas cut deep channels through this modern deposit. The quantity
of rounded boulders of various sizes in the vicinity of these streams is
immense. Even after the lake waters had passed down the Lower Arkan-
sas, through the canyon, there must have been tremendous glacial as well
as aqueous forces operating from the deep gorges in the mountains, trans-
porting a vast amount of drift material into the valley. Just how much
of this broad expansion is due to erosion it is difficult to determine, but I
am inclined to the belief that there was originally only the fracture of
elevation, and that the old lake-basin is mainly due to erosion. On neither
side of the valley do we see any of the older sedimentary rocks. From

1Ann. Rept. of the U. S. Geol. and Geog. Survey of the Terr., 1874, pp. 48, 49
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Poncho Pass to the very source of the Arkansas, a distance of eighty
miles, no rocks but Igneous and Metamorphic can be seen upon the east
side.

The high terraces along the Arkansas in the Leadville region
have been studied by Capps and Leffingwell® and by Westgate.?
These geologists, who state that the character and arrangement
of the material in the terraces examined can be determined,
ascribe the deposition of the terraces to streams fed by glaciers.

Within the mapped area of the Monarch district the topog-
raphy of the high terraces and their relation to the principal
valleys furnish the chief data from which the origin of the ter-
races may be inferred. There are no good outcrops, the surface
being covered with soil or wash, and on the terraces there are
no mine or prospect shafts with standing walls. However, on
the east side of North Fork a washout under a broken flume has
laid bare the terrace rock without disclosing its arrangement.
There has been much creep of the material in the exposure and
consequently a disarrangement of any bedding that may have
existed. Here are a great many boulders, mixed with pebbles,
sand, and clay. The boulders range in size from @ few inches to
three feet, and include all the varieties of rock found in the
canyon above. No marked faceting could be found. This ex-
posure is below the middle of the terrace, which at this point is
about 500 feet high. That large boulders are common near the
top of the terraces is evident from the numerous boulders thrown
out of shallow prospect holes west of North Fork.

Two exposures of undisturbed terrace deposits outside of
the mapped area were seen by the writer. The first is near the
mouth of Greens Gulch, where a section nearly 200 feet thick is
exposed. The deposits are chiefly sand, pebbles, and boulders,
and show considerable assortment. Sand exceeds the boulders
in quantity. It is more or less distinctly stratified and contains
lenticular masses of boulders. Many of the boulders are water-
worn. The second observed exposure is east of Mount Princeton,
beside the wagon-road, where the material is chiefly an aggregate
of angular to subangular boulders of quartz monzonite much
decayed. No marked assortment was observed here.

1Capps, S. R., and Leffingwell, E. D. K., Pleistocene geology of the Sawatch
Range, near Leadville, Colorado: Jour. Geology, vol. 12, 1904, pp. 698-706.

Capps, S. R., Pleistocene geology of the Leadville quadrangle, Colorado:
Bull. U. S. Geol. Survey No. 386, 1909.

2Westgate, L. G., The Twin Lakes glaciated area, Colorado: Jour. Geology,
vol. 13, 1905, pD. 285-312.
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A,—SLIDEROCK ON CALICO MOUNTAIN

B.—ANOMALOUS POSITION OF STREAM BED SOUTH OF BROWNS CREEK
This was photographed at a distance of one mile from the principal bend in stream-course.
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Plates VI and XVII and the accompanying topographic map,
show the character of the terrace topography. The terraces
reach a height of 500 or 600 feet above the bottom of the adjacent
valleys. The pronounced ridge just east of North Fork is evident
at,a glance at the topographic map and Plate VI. The form of
this terrace is very different from that of most stream terraces,
which commonly are level or slope toward the valley. The pro-
file strongly suggests the deposition of the material from streams
flowing outward from the melting border of the glacier which
occupied the valley, and whose top was higher than the present
terrace. It is not probable that deposition of the large boulders
with much fine sediments would take place from ordinary
streams. A subsequent melting of the glacier would result in
the deposition of the morainal boulders in the valley. Since
there is no evidence of a material deepening of the valley by
stream erosion after the terraces were deposited, it is assumed
that the valley itself was formed in pre-glacial and glacial times.
Glaciers of other valleys doubtlessly contributed a large share
to the terraces as a whole, and it is probable that a large propor-
tion of the material was furnished by the Arkansas River itself
during the Glacial period.

In mapping it was difficult to distinguish between the
moraines and high-terrace deposits near the upper limits of the
latter, and it is very probable that the terrace deposits are
bordered by moraines even where not so indicated on the map.
Certain .it is that there seems to be a fringe of moraines along
the upper border of the terrace deposits south of the South
Arkansas.

LOW TERRACES

Low terraces are found north of the South Arkansas about
two miles east of Garfield, north of the same stream east of
Maysville, and west of North Fork at Maysville. (See Pl. VI.)
These terraces, which are perhaps not over 100 reet above the
adjacent valleys, are several hundred feet below the high ter-
races described. Except in elevation, the low terraces are very
similar to the high terraces in appearance. There are no ex-
posures in which the assortment, or lack of assortment, of the
material forming these terraces can be determined. While the
relation of the low to the high terraces remotely resembles that
which may exist between stream terraces, there is at hand no
convincing evidence that the main streams have appreciably
deepened their valleys since the region was glaciated.

(2)
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From the recorded observations, taken with the conclusions
of geologists that there have been two or more epochs of glacia-
tion in Colorado, it is inferred that the low terraces were prob-
ably deposited at the edge of smaller glaciers during an epoch of
glaciation later than that in which the high terraces were formed.
The age of either kind of terrace relative to the moraines on the
higher slopes was not determined.

EFFECT OF SNOW

Near the foot of several cliffs are accumulations of loose
rock, which have apparently been deposited at the front of large
banks of snow or ice. A few of these accumulations reach a
height of many feet and have ponded sufficient water to form
lakelets fifty feet or more in diameter. Omne of the largest lake-
lets probably of such origin is northeast of Bald Mountain. Plate
VII shows a smaller one southeast of Pomeroy Pass.

In early summer large blocks, which have been detached
from cliffs, and which finally come to rest some distance from
the foot of the cliff, may sometimes be seen rolling or slowly
moving down over a bank of snow. In this high altitude, where
snow remains nearly all the year, the rock masses so accumulated
during many years, even centuries, must be considerable. The
disappearance of the snow during the short summers leaves de-
pressions like those described. Some of the lakelets—as, for
. example, one about a mile south of Bald Mountain—owe their
origin apparently to the combined effects of glacial gouging and
the damming by boulders deposited at the front of a snowbank.

LANDSLIDES

Typical landslides are not common in the Monarch and
Tomichi districts. The largest landslide in the mapped area is
about a mile north of Tomichi. Here large masses of the country
rock, chiefly granite and breccia, have slid down toward the
southwest from the lower part of the slope of Monumentat Moun-
tain and southward from the south shoulder of Central Mountain.
From the mouth of Fort Scott Creek northward about half a
mile the rocks in mass are mixed in great confusion without
pronounced breaking, while the surface presents the hummocky
character typical of landslide topography (P1. VII).

On Monarch Hill, a short distance south of the entrance to
the Madonna No. 6 tunnel, is a mass of the siliceous shaly
stratum of the Ouray formation normally found at the base of
the Ouray. This stratum carries a layer of quartzite, and,

’
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MOUNT ETNA

Vertical range, 1,300 feet; horizontal range, nearly 6,000 feet, Talus has traveled about
a mile and a quarter,
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Strangely enough, has lodged almost directly above the “parting
(uartzite” cut by the tunnel. The thinness of the quartzite hed
at the surface and the difference in dip and strike from that
underground, together with the presence of the chocolate-colored
shale at the surface, prove that the exposed rock has come from
a higher position. )

The hill at Cree Camp presents an appearance of having
been formed by a landslide from the slope of Taylor Mountain,
but the evidence at hand is not convincing enough to warrant a
positive statement.

TALUS AND TALUS CONES

Sliderock, composed of angular fragments from a few inches
to many feet in diameter, is very common on most of the steep
slopes. Most of this material has doubtless accumulated gradu-
ally, though there have probably been individual slides of con-
siderable mass. Calico and Cyclone mountains present good ex-
amples of sliderock-covered slopes (Pl. VIII). Many of the
masses of sliderock are scores of feet thick.

A remarkable phenomenon resulting apparently in part from
sliderock, or perhaps more properly a rockslide, was observed
~ about a mile north-northwest of Shavano Mountain, and deserves
special mention. Here a stream-course hugs the slope of the
mountain, having left the ravine below. This anomalous condi-
tion is shown (Pl. VIIL, B) in the photograph taken at a dis-
tance of about a mile. The height of the present stream-bed
above the bottom of the original channel was not measured, but
it is probably not less than 100 feet. The former course, which
was near the contact between granite on the east and quartz
monzonite on the west, tended to work westward, probably on
account of the greater resistance of the granite. A steep cliff
of quartz monzonite was thus formed, and has furnished much
debris which has partly filled the channel. This debris, added to
the result of partial unloading of the stream, owing to an abrupt
change in gradient, has apparently forced the stream to turn
from' its former course. Below this point for a considerable
distance erosion has exceeded deposition. It is possible, also,
that snow and ice, filling the ravine,at some former time, may
have been melted along the east border sufficiently to furnish for
storm waters a channel which, once occupied, became the per-
manent channel for the stream.
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One of the most conspicuous talus deposits of the region is
on the south slope of Mount Etna, where it may be seen from a
distance of many miles as a white streak in contrast with the
darker weathered rock on each side. This talus and also a talus
cone at the foot of the mountain are shown in Plate IX. Only
comparatively small blocks hang on the steep slope near the top
of the mountain, while the cone below contains a great propor-
tion of boulders several feet across. The vertical height of the
cone is 300 or 400 feet, while the slope of the surface of the lower
part of the cone is about 25°. The boulders at the foot of the
slope have passed through a horizontal distance of nearly 6,000
feet and a vertical distance of about 3,000 feet. They have,
therefore, rolled ‘about a mile and a quarter before coming to
rest. The momentum gained by a large boulder at the steep
upper part of the slope is evidently sufficient to carry it to the
base, even over a slope of low angle in the lower part of the
course,

That snow or water has not been an important factor in
the transportation of the boulders is shown by the assortment of
material (Pl. X). The largest blocks are at the foot and the
smallest at the top of the cone; whereas, if they had been trans-
ported by water, the largest blocks would have been dropped
first, while, if they had been brought down by snowslides, there
would be no marked assortment. However, snowslides have
passed over this talus, as shown by the removal of the timber on
both sides of the creek at the foot of the slope.

Talus cones are not uncommon in other parts of the region,
particularly in Browns and North Fork canyons. (See Pls. VII
and VIII.)

L TALUS GLACIERS

The most typical talus glacier, or rock-stream, in this region
is found about a mile and a half northwest of Shavano Mountain,
and is shown in Plate X. Part of the talus at the foot of Calico
Mountain also has some of the features of a talus glacier. In the
area mapped the structural conditions favorable to the formation
of large talus glaciers seem to he generally lacking. According
to Chamberlain and Salisbury?, their development probably in-
cludes: “(1) the passage of the talus over snow-banks at the
bases of cliffs, (2) sliding, creeping, and slumping of bodies -of
talus, perhaps both when bound together by ice and when not so
cemented, and (3) incipient glacial motion.”

1Geology, vol. 3, p. 474.
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A,—TALUS CONE AT FOOT OF MOUNT ETNA
This is a near view of the lower part of the cone shown in Plate IX,

B.—TALUS GLACIER SOUTH OF BROWNS CREEK
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CALLUVIUM

In general, the streams have a high gradient and have de-
posited but little alluvium in their valleys. In the South Ar-
kansas valley, however, at and above Maysville, there is a strip
of alluvium wide enough to permit of the cultivation of small
fields. Bast of Maysville the alluvial bottom-lands widen suffi-
ciently to make room for many large farms. In Foose Gulch and
in Monarch Park south of Monarch are local alluvial deposits
which may have been laid down during an epoch of glaciation
or soon afterward.

In mapping, it was found impracticable to separate the
alluvium, ice deposits, and some debris in the Tomichi district.
Accordingly they are all represented on the geologic map in one
pattern. Much of this is typical alluvium, especially that in the
Tomichi valley. In the same valley, below the area mapped, for
several miles down, the alluvial bhottom-lands have an average
width of probably half a mile or more. * This valley is occupied
by several successful ranchers, whose principal crop is hay.

Alluwial fans.—Small alluvial fans are numerous in several
valleys. Perhaps the largest and most typical are in Greens
Gulch and the valley of North Fork ahove Maysville. Here storm
waters have washed down the unconsolidated material of the high
terraces, through gullies and ravines. Numerous alluvial fans
are thus formed at the foot of the terraces. A good example
above Maysville is indistinctly shown in Plate VI, A, just below
the center of the photograph. The alluvial fans are represented
on the map with the same patterns as the creek-deposited alluvium.

SOIL

Fertile soil has heen developed on most of the creek-de-
posited alluvium, and more or less has accumulated on the high
terraces and moraines. Bven the bottoms of most of the ice-
scraped cirques have a thin covering of soil, in which grows
thick-set but rather short grass during the few weeks of summer
when it is not covered by snow.

In a few places where drainage is poor are found bogs many
feet deep. These bogs contain a large proportion of roots of grass
and willows in a condition of greater or less decay, the whoule
mass being constantly water-filled. The best examples of bogs
are found in Browns Gulch and above Shavano in the valley of
North Fork.



CHAPTER II

OUTLINE OF GEOLOGIC HISTORY'®

The pre-Cambrian history of the region is obscure. It is
evident, however, that long before the deposition of the oldest
existing Paleozoic sediments the region was subjected to profound
metamorphism by which the sedimentary rocks and probable igne-
ous rocks then present were changed to quartzite, schists and
gneisses. Either synchronously with the regional metamorphism
or, more probably, later, these ancient rocks were invaded by a
granite batholith which is now exposed over a large area.

This granite and the ancient metamorphic rocks were sube-
quently so long exposed to erosion that a comparatively low relief,
if not a peneplain, was developed. This erosion probably began
in pre-Cambrian time and closed with early Saratogan (Upper
Cambrian). This long period of erosion may or may not have
been interrupted by short epochs of sedimentation. :

In late Cambrian time the sea advanced over the region
when the water-worn quartz sand of the Sawatch quartzite was
deposited in shallow water. It is unknown how long sedimenta-
tion continued. After a later emergence the region was exposed
to erosion long enough for the removal of nearly all the sediments.

When the sea again advanced, probably in Middle Ordo-
vician time, the shore-line apparently did not remain long in the-
vicinity, as shown by the fact that the limestone deposited during
this submergence rests directly on the quartzite and granite or is
separated from them by at most two or three inches of shaly
material. Nowhere within the area mapped is there sandstone
or quartzite below the limestone other than remnants of the
Sawatch quartzite. TIf such sediments were deposited near the
shore as it advanced over the land, they were removed by currents
before the deposition of the Ordovician limestone.

Throughout the time when the greater part of the Ordovician
limestone was being laid down the relief of the adjacent land
mass must have been low, since mechanical sediments are almost

1Except the brief summary, in the last paragraph of this chapter, of Quater-

nary physiographic processes, the statements here made are based on observa-
tions recorded in detail in following chapters. )
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negligible in amount. The submerged area remained at moderate
depth long enough for the accumulation of about 250 feet, or
more, of limestone. After a probable temporary shoaling, when
a sandy stratum was deposited, there was apparently an emerg-
ence and a removal by erosion of part of the limestone. An
advance of the sea and shallow water furnished the essential
conditions for the deposition of the “parting quartzite.” The
thickness of the quartzite varies greatly, but gradually, indicating
a difference in the amount of sediments from place to place or
an erosion interval after they were deposited. Conditions favor-
able for the deposition of the highest member of the Ordovician
limestone were much like those when the lowest member was
deposited, namely, a period of quiet, clear water and considerable
removal from the shore.

Between the formation of the limestone in probably late
Middle Ordovician time and the formation of the Upper Devonian
Ouray limestone there is a lost interval in so far as the fauna
is concerned. The sediments between the highest determined
Ordovician horizon and lowest determined Devonian horizon are
less than 150 feet thick. About half of this thickness, by the
variability in character, records several changes in conditions of
sedimentation. It is probable that after the deposition of the
known Ordovician and pl?iOI‘ to the deposition of the known
Devonian the land had a low relief and degradation was slow.
The area under consideration was probably slightly above sea-
level during a great part of the time for which ‘there is no faunal
record, including probably Upper Ordovician, the Silurian, Lower
Devonian, and Middle Devonian. During much of this time?
the area may have been below sea-level, receiving sediments slowly
derived from a base-leveled land area. It is not impossible that
during this long period there were several oscillations of the
strand-line by which the region was alternately submerged and
exposed.

Accumulation of sediments was apparently continuous from
the beginning of Ouray time until its close, but was possibly, if
not probably, interrupted by an emergence and erosion interval
immediately before the black dolomite of Mississippian time was
laid down. If dolomitization be disregarded, the entire forma-
tion, excepting a few feet near the top, was deposited under nearly

1Blackwelder, Eliot, The valuation of unconformities: Jour. Geology, vol. 17,
1909, pp. 289-299. .
Barrell, Joseph, Am. Jour. Sci., 4th ser., vol. 29, 1910, p. 554.
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uniform conditions of clear and only moderately deep water.
Near the close of this sedimentation period, conditions became
favorable for the deposition of mechanical sediments. It is un-
known how long sedimentation continued after the deposition of
the Ouray formation. Through at least the later part of the
Mississippian period the region was again a land area.

When the sea again transgressed the land in Upper Carbon-
iferous time, a great thickness of mechanical sediments, chiefly
shales and sandstones, was deposited. Only a comparatively few
strata of limestone, about 800 feet above the base of the Garfield
formation, indicate clear water of a quiet sea. Land erosion of
an adjacent land mass was active during almost the entire period
of Garfield sedimentation, when nearly 3,000 feet of shales and
sandstones accumulated on the sea bottom which was sinking
relatively to the adjacent land. The large proportion of shales |
indicates that the local waters were muddy during much of this
time.

No evidence is at hand which proves that a long erosion
interval succeeded the deposition of the Garfield formation. How-
ever, the succeeding sediments of the Kangaroo formation are
mainly shallow water or fluviatile deposits. Some of these, par-
ticularly the arkosic strata, indicate a rapid transgression of the
sea over a land area on which had accumulated rock debris
formed chiefly by disintegration, with a minimum of decay. The
Kangaroo epoch of rapid sedimentation may have been interrupted
by one or more erosion intervals.

There is no known record of the Mesozoic era in the region.
It is not impossible that sedimentation was going on during part
of the era. The nearest described Mesozoic rocks are the Jurassic
and Cretaceous beds of the Anthracite-Crested Butte region.?
Subsequent to the deposition of the youngest consolidated sedi-
ments the region was subjected to strong compressive forces which
threw the strata into a series of anticlines and synclines. The
folding was accompanied by much faulting.

Evidently after the strata were tilted and probably in Terti-
ary time, much of the region now occupied by the Sawatch Range,
was invaded by a large batholith of quartz monzonite whose
southern limits are within the area mapped. The batholithic
invasion was preceded and followed by intrusions of granular
rocks in stocks. Minor intrusions of porphyry also succeeded the

1Folio 9, U. S. Geol. Survey.
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batholithic intrusion. It is probable that some of these minor
intrusions took place long after the initial post-Carboniferous
plutonic intrusion. A small part of the Sawatch Range was the
seat of explosive volcanic disturbance near or at the end of the
general period of igneous activity.

In all probability most of the primary ore minerals were
formed immediately after and as a consequence of the intrusion
of quartz monzonite. Oxidation of the ores began later and has
continued to the present.

Subsequent to the period of igneous activity, and probably
in part synchronously with that period, erosive agencies have
been active in removing a great amount of rock and shaping the
present topography. Probably in Pleistocene and in more recent
time local glaciers were an important factor both in erosion and
in the deposition of surficial rocks. Recent time has been char-
acterized chiefly by landslides and the work of running water.



CHAPTER III

PRE-CAMBRIAN ROCKS

Rocks older than the oldest Paleozoic sediments of the dis-
trict are exposed in the east, south, and west parts of the region
surveyed, and extend far toward the south. They comprise
gneisses, schists, granites, pegmatite, and a little quartzite. A
few dikes of diorite and syenite in the granite area are also
probably of pre-Cambrian age.

GNEISSES AND SCHISTS

These rocks are confined to the east and southeast parts of
the area mapped. They differ greatly in character and often
show sharp contrasts in the composition of alternating or suc-
cessive bands. Individual bands may have a thickness of a few
inches to many feet. The strike of the foliation varies widely,
but is probably more often approximately north than any other
direction.

A number of rock types will be described briefly, but there
occur many variations, and probably other types could be found.
The gneisses and schists, especially near the granite contact, are
cut by large dikes and irregular bodies of pegmatite. In some
places lens-like masses of pegmatite are inclosed by the gneisses
and schists.

GRANITIC GNEISS

In several localities in the pre-Cambrian area, particularly
south of the South Arkansas River, granitic gneiss is present.
This is composed essentially of quartz and feldspar, with a
variable amount of biotite. In some specimens very little quartz
is present, when the rock approaches a syenitic gneiss composed
essentially of orthoclase, plagioclase, and biotite, with or without
hornblende.

HORNBLENDE GNEISS

Hand specimens of this rock are nearly black, but contain
lenticular aggregates of white feldspar grains which make the
rock appear gneissoid rather than schistose. The microscope
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shows, in addition to hornblende, considerable orthoclase, a
little plagioclase, quartz, magnetite, pyrite, and accessory zircon.

HORNBLENDE SCHIST

This rock bears a close resemblance to the hornblende gneiss,
but is very finely laminated and, in some occurrences, carries
practically no feldspar. A few grains of quartz, besides minute
crystals of zircon and apatite, are present.

Other occurrences of hornblende schist show considerable
orthoclase, a little microcline and plagioclase, accessory titanite,
but no quartz.

MICA SCHIST

One variety of mica schist is made up of biotite and feldspar
in nearly equal quantity, with a very lifttle quartz and accessory
zircon. The feldspar is largely in equidimensional grains, with
an average diameter of about half a millimeter. Cross-sections
of many grains are almost circular. Albite twinning is fre-
quently present, though there are but few lamellee as a rule.
Much of the feldspar is unstriated and may be, in part, ortho-
clase. Several crystals of feldspar, so cut as to give the emer-
gence of the acute bisectrix, are positive. This, taken with the
low extinction angles of sections normal to the albite lamellz,
indicates that the feldspar is largely albite. Biotite has crystal-
lized later than the feldspar and fills the interspaces. In some
cases a crystal of biotite extends over a wide area, involving
many feldspar grains in an ophitic or poikilitic manner.

Another variety of mica schist contains no feldspar, but is
composed of biotite, muscovite, quartz, and a little magnetite.
The two micas are commonly intergrown.

GARNETIFEROUS SCHIST

Much of the rock on the dump of the Bon Ton mine is a
schist, showing in the hand specimen quartz, biotite, a variable
amount of almandite garnet, and a little chalcopyrite. The
garnets are 2 to 3 mm. in diameter and are practically without
crystal forms. In addition to the minerals mentioned, the micro-
scope shows small zircons inclosed by the quartz, besides many
anhedrons of gahnite.

BIOTITE-SILLIMANITE SCHIST

On the steep slope south of Miaysville is a variety of schist
composed principally of quartz, biotite, sillimanite, and a white,
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inelastic, laminated mineral which is probably talc. A small
amount of magnetite is present, and the microscope shows acces-
sory zircon. The rock is very schistose and cleaves readily.

The sillimanite is found in very small, needle-like crystals
which, for the most part, form aggregates. These aggregates
occur in mat-like streaks of interwoven tufts and bundles which
fray out into the other essential constituents. In addition to this
common occurrence, scattering sillimanite crystals are inclosed
by the other minerals.

Another variety seen on the ridges on hoth sides of Greens
Gulch, near the south border of the mapped area, is quite different
in character. This rock contains numerous white, lens-like
masses in a matrix of quartz-mica schist. Ball® has described a
rock of similar character, though somewhat different in composi-
tion, from the Idaho Springs formation of the Georgetown
quadrangle, Colorado. Sharp cross-fractures in the lenses men-
tioned are cominon, as in the ellipsoidal masses in the Idaho
Springs rock.

The lenses commonly have a diameter of less than two inches,
but some of them are three inches across. The microscope shows
them to be made up principally of quartz and sillimanite. The
quar"tz incloses occasional zircon crystals, and in one slide there
is seen a streak of what is probably finely divided muscovite.
The quartz incloses many single needles and bundles of silliman-
ite, but by far the greater part of the sillimanite occurs in
bundles and tufts which fray out into the quartz.

The matrix is composed of almost equal quantities of quartz
and biotite, with a few flakes of muscovite and @n occasional
zircon crystal. No sillimanite was observed in the matrix. The
quartz of the matrix generally shows undulatory extinction, a
phenomenon almost entirely lacking in the quartz of the lenses.
This probably indicates that after recrystallization the rock was
subjected to dynamic stress, which was relieved almost wholly
by the yielding of the matrix, perhaps because of the presence
of much biotite in this part of the rock.

ORIGIN OF THE GNBISSES AND SCHISTS

The granitic gneiss has furnished no satisfactory evidence
as to whether it was originally sedimentary or igneous. As
nearly as can be determined from microscopic examination, the

1Ball, S. H., Prof. Paper U. S. Geol. Survey No. 63, 1908, p. 41.
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rocks composed principally of quartz, mica, and sillimanite have
approximately the chemical composition of argillaceous sand-
stones or sandy shales, and have probably been derived from
such rocks by complete recrystallization in the process of meta-
morphism. Ball* regards as a conglomerate the rock of the
Idaho Springs formation which carries the ellipsoidal bodies.
The schist with the lenticular masses in the vicinity of Greens
Gulch also has the appearance of a metamorphosed conglomerate.
It could scarcely be suspected that quartz and sillimanite would
segregate in the process of recrystallization of a rock of uniform
composition. To suppose the original rock to have been an
igneous breccia would be open to objection. An igneous rock
having the chemical composition of a mixture of quartz and
biotite in mnearly equal volume would be unusual, and the ap-
proximately uniform distribution of the inclusions would be very
improbable. Hence it is inferred that this rock represents the
complete recrystallization of an argillaceous, ferruginous sand-
stone carrying pebbles of argillaceous sandstone.

It is not improbable that some of the schists have been de-
rived from igneous rocks. In some places rock of the same
composition will form a band 100 feet or more wide, while the
adjacent rock will have a very different composition. Whether
the original rocks were sedimentary or igneous, or both sedi-
mentary and igneous, the adjacent layers apparently differed
widely in composition. It should not be inferred from the above
that the alternations and successions are as uniform over long
distances and as well defined as are found in the pre-Cambrian
metamorphic rocks in some parts of the Rocky Mountains, as,
for example, in the Encampment District, Wyoming.*

By way of summary, it may be said that the observations
made do not justify a conclusion as to the exact physical char
acter of the original rocks. The most that can be said is: the
schists and part of the gneisses indicate metamorphic derivatives
of shales, sandstones, and conglomerates, probably intercalated
with igneous rocks in the form of flows or minor intrusions or
both.

Cross® has studied a series of schists near Salida, which is
a few miles east of the area under consideration. He “inclines

10p. cit., p. 44.

2See Spencer, A. C., Mineral resources of the Encampment copper region,
Wyoming: Bull. U. S. Geol. Survey No. 213, 1903, pp. 158-162. Copper deposits of
the Encampment district, Wyoming: ProfJ Paper U. S. Geol. Survey No. 25, 1904.

3Cross, Whitman, Peculiar series of schists near Salida, Colo.; Pros. Colo.
Sci. Soc., 1893, pp. 1-10.
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to the belief that the schists and massive rocks of the Salida
section * * * yepresent a great series of surface lavas
erupted in Algonkian time.”

AGE

The gneisses and schists belong to the complex which has
been variously referred to the Archean or Algonkian, or simply
pre-Cambrian, by geologists working in Colorado. These gneisses
and schists are, at least in large part, the oldest exposed rocks
in the area mapped. They are cut by intrusive granite much
older than the oldest Paleozoic sediments of the district, which
are probably of Upper Cambrian age. After giving a summary
of observations made in the Sawatch Range by themselves and
other geologists, Van Hise and Leith® make the following state-
ment:

The presence of limestone and quartzite in the pre-Cambrian schists
of the Sawatch and adjacent valleys, making up, in the case of the
quartzites, the major part of the series, suggests the Algonkian age of
this part of the series, but the granites and the other gneisses and schists
may be of the same or different ages. Sufficient work has not yet been
done to separate them lithologically or structurally. The best that can
be done is to refer the entire complex to the pre-Cambrian.

QUARTZITE

Three small areas of quartzite near the southeast corner of
the field are shown on the map. About half a mile west of the
northernmost area is considerable quartzite talus on the. tim-
bered slope.

The quartzite is bluish or reddish and very dense. There
remains a suggestion of bedding, but the relation of this to the
foliation of the gneiss is not clear. The microscope shows that
there has been a complete recrystallization. The interlocking
quartz grains resemble the quartz of granite; their form bears no
resemblance to the rounded outline of quartz grains in sandstone.
The quartz shows a moderate degree of undulatory extinction.
Small grains and crystals of magnetite are common; a little
hematite is present. The magnetite forms anhedrons and octa-
hedrons. A striking microscopic feature is the large number of
crystals with a length three to six times the thickness. These
appear to be distorted magnetite octahedrons. Much of the iron
ore forms small inclusions in the quartz. The larger grains inter-

Van Hise, C. R., and Leith, C. K., Pre-Cambrian Geology of North
America: Bull. U. S. Geol. Survey No. 360, 1909, p. 829.
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lock with the quartz grains. A rude banding is noticeable in
the slide, owing to a partial segregation of the ore. As a rule, the
long dimension of the erystals is parallel to the banding.

ORIGIN OF THE QUARTZITE

This rock was evidently derived from a sandstone whose
constituents underwent thorough recrystallization in the process
of metamorphism. The considerable quantity of iron ore points
to the probability that the cement of the original sandstone was
largely ferruginous.

AGE

The structural relation of the quartzite to the gneisses and
schists is not evident. The quartzite, however, appears to have
undergone as extreme metamorphism as have the schists and is
probably of the same general age.

GRANITES

In the area mapped as pre-Cambrian granite are two distinct
kinds which differ in habit rather than in composition. These
were very likely intruded at different, but not widely separated,
times. There are local unimportant deviations from the types.
The mapped granites form part of a batholith intruded into the
gneisses and schists. For considerable distances the contact is
distinet and regular. In many places, however, there are so
many inclusions of the metamorphic rocks in the granite and so
many minor intrusions of the granite in the metamorphic rocks
that the boundary shown on the map separates the two only in a
general way.

COARSE BIOTITE GRANITE

Nearly all the country rock in the granite area on the Con-
tinental Divide south of Bald Mountain and east of the divide
as far north as North Fork, is of the type which will be described
as coarse biotite granite, and which doubtless was intruded at
one time.

This granite varies in color from gray to red. In the south
and southwest part of the exposure the rock is commonly red or
pink. The color here is due partly to the reddish feldspar, but is
also partly a result of the weathering of biotite.. The common
megascopic constituents of the granite are feldspar, quartz, and
biotite. On the top of the range, about a mile north of Monarch
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Pass, the granite, taken from a prospect hole, shows numerous
crystals of magnetite.

Much of the granite is even-grained, but a porphyritic facies
is present over considerable areas, particularly east of Taylor
Gulch, where feldspar phenocrysts one-half to one and one-half
inches long, form a large portion of the rock. Very commonly
these phenocrysts show a parallelism in orientation, which- is
probably a fluxional arrangement. In general, the even-grained
granite is massive or only slightly gneissoid, but locally granite
gneiss has been developed through dynamic metamorphism.

Thin sections carry zircon, iron ore, bhiotite, plagioclase,
orthoclase, microcline, and quartz as primary minerals. Zircon
is very rare and in minute crystals. Iron ore occurs in octa-
hedrons inclosed by feldspar and in formless grains in part
secondary.

The biotite is the usual brown pleochroic variety, and is
very commonly chloritized or epidotized. In several specimens,
particularly those taken from the Lilly mine, the biotite is in
aggregates of minute flakes which appear to have resulted from
recrystallization. :

Acid plagioclase is present in only a few specimens and in
small quantity. Orthoclase and microcline are abundant but
bear no constant ratio to each other in amount. On the whole,
microcline probably is predominant. Carlsbad twinning is occa-
sionally seen in the orthoclase. In most of the specimens ex-
amined there has been considerable kaolinization of all the
feldspars.

Quartz is not uncommonly intergrown with the potash feld-
spars, but these intergrowths are not of the typical graphic
variety. Instead, but two or three circular areas of quartz
surrounded by feldspar, have the same crystallographic orienta-
tion. Undulatory extinction is general in the quartz. This
mineral commonly carries numerous liquid inclusions, and in
some instances, minute, needle-like microlites which do not react
on polarized light. These microlites are possibly rutile.

The two small exposures west of Maysville, mapped as
granite, are more monzonitic than the rock described, and a small
area on the ridge east of Banana Mountain is similar to the
Maysville rock. This differs from the granite described in that
it contains less quartz, plagioclase in excess of potash feldspar,
and considerable titanite. While it may bhe a facies of the
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granite there is no proof that this rock was not intruded inde-
pendently. The great amount of pegmatite associated with the
older metamorphic rocks in the vicinity of Maysville suggests
that the exposed monzonitic rock is part of a batholith or very
large stock.

PORPHYRITIC GRANITE

Much of the granite of the Tomichi district, including prac-
tically all west of Whitepine and east as far as Bald Mountain,
has a very different texture from the coarse biotite granite de-
scribed. The most striking feature of this rock is the great
number of tabular feldspar phenocrysts with dimensions com-
monly less than 4 mm. by 10 mm. The majority of the pheno-
crysts are twinned after the Carlsbad law. The groundmass,
which forms somewhat less than half the volume of the rock, is
a granular aggregate of quartz, feldspar, and biotite.

In thin section, most of the phenocrysts are seen to be
orthoclase, but a few plagioclase phenocrysts are present. Since
all the observed sections of plagioclase normal to (010) have
approximately parallel extinction, this feldspar is probably oligo-
clase. Inclusions of biotite and quartz are common in the feld-
spar 'phenocrysts. The freshest specimens show considerable
kaolin and sericite derived from the feldspars.

Although considerable biotite, orthoclase, and plagioclase
are present in the groundma—ss, quartz is here the most important
component. The quartz very generally shows undulatory extinc-
tion in small degree. Microlites, like those in the quartz of the
coarse-grained granite, and liquid inclusions are common.

Relation to coarse biotite granite.—No effort was made to
map the boundary between these two kinds of gramite. The
difference between the two is not very evident on weathered
surfaces and, furthermore, there is much interlo‘cking and irregu-
larity. Hence the rocks could be separately mapped only at the
expense of a great deal of time.

Loose boulders were seen which carry a sharp contact be-
tween the two varieties and one boulder showed porphyritic
granite inclosing the coarse variety. It is hence inferred that the
two kinds of granite were intruded separately and that the
coarse variety is probably the older. As nearly as can be de-
termined from microscopic study, the chemical composition of
the two varieties is essentially the same. The difference in
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texture is probably the result of a difference in physical condi-
tions during the process of crystallization.

SMOKY-QUARTZ GRANITE

A rock, which deserves mention because of its peculiar
appearance, occurs on Missouri Hill and east of the Rainbow
nrine. - The exposures are small and this rock may be a phase of
the surrounding granite or it may be a separate intrusive. The
rock is composed essentially of small grains of feldspar and
smoky quartz, with a very little magnetite and finely flaked biotite.
The microscope shows, in addition, small crystals of apatite and,
needle-like microlites which do not react on polarized light. The
feldspar is orthoclase, microcline, and microperthite.

PEGMATITE AND APLITE

Only a very few narrow dikes of pegmatite and aplite cut
the granite itself within the area mapped. Surrounding the
granite, however, in a zone of variable width in the area of
gneiss and schist, pegmatite is common. A good example is seen
south, west, and southwest of Maysville, where pegmatite with
large masses of quartz, is abundant.

A large area, crossed by Lost Creek, contains so little gneiss
and schist that it has been mapped separately. The rock of this
area varies from a coarse pegmatite, having quartz masses a foot
or more in diameter, to a coarse acid granite with but little
biotite. A few small inclusions of gneiss and schist are present.

AGE OF THE GRANITES

The oldest Paleozoic formation in the Monarch and Tomichi
districts is a quartzite which is probably the equivalent of the
Upper Cambrian Sawatch quartzite. This formation was laid
down on a nearly level granite surface, showing that the granites
had been long exposed to erosion. These granites are therefore
much older than the quartzite and, as hefore stated, are younger
than the gneisses and schists. They are very prpbably of pre-
Cambrian age, and will be so considered in this report, with the
qualification that it is not impossible that they may be of early
(Cambrian age, as Cross' has pointed out.

1Bull. 360, U. S. Geol. Survey, pp. 824, 826.
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GRANITE PORPHYRY

About a mile south of Lost Mountain there is an exposure of
acid rock which is largely granite porphyry, but near the center
is practically granular and might be called aplitic granite. The
individual grains have a maximum size of about four millimeters.
Feldspar and quartz are readily recognized in the hand specimen.
The weathered rock is commonly white, but in places shows a
reddish tinge.

Under the microscope are seen plagioclase, microperthite,
orthoclase, microcline, quartz, and a little biotite, with secondary
iron ore, chlorite, epidote, sericite, and kaolin. Many plagioclase
crystals show well-developed forms, while the other feldspars
and quartz have crystallized in two periods.

Plagioclase is abundant and is probably albite, possibly in
part oligoclase. Although combinations of Carlsbad and albite
twins are present, the mineral is too badly sericitized for certain
identification. Extinction angles up to 15° were observed in
sections normal to the twinned lamellee, while the difference in
extinction between the two Carlsbad halves is very small. A
small amount of plagioclase is intergrown with both varieties
of potash feldspar. The orthoclase and microcline phenocrysts
have very imperfect or almost no crystal outline. In many
cases they show, near the border, micrographic intergrowths with
quartz. Kaolin and sericite are common alteration products.
The quartz phenocrysts are approximately equidimensional but
have no crystal outline. A few quartzes show undulatory extine-
tion. Biotite was originally present in very small quantity. It
is now almost completely replaced by epidote and chlorite, with
the separation of iron ore.

The groundmass, greatly subordinate to the phenocrysts in
volume, is a microgranular aggregate of quartz and orthoclase.
Quartz greatly predominates, and in some areas, where the
amount of the groundmass is very small, quartz is the only
mineral.

The mineral composition of this rock is very similar to that
of the post-Carboniferous granite.

AGE AND FORM OF INTRUSION

The rock described is so much more weathered than the late
acid igneous rocks, and bhas so nearly the aspect of the ancient
granites, that it was regarded in the field as a pre-Cambrian
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intrusive. However, the microscope brings out the porphyritic
texture and only slight evidence of dynamic metamorphism. The
pre-Cambrian rocks have been subjected to a great amount of
erosion, and hence any pre-Cambrian intrusive that is now ex-
posed, must have solidified at a considerable depth where the
temperature would be favorable to slow crystallization. The
very siliceous character of this rock, which would tend to offset,
in @ measure, favorable conditions for slow cooling and conse-
quent granular texture, must not be overlooked. Nevertheless,
the existence of considerable fine-grained groundmass, especially
around the borders, when taken with the indications of but slight
dynamic metamorphism, suggests the possibility that the granite
porphyry was, in comparatively late geologic time, intruded as
a stock which solidified at moderate depth. For want of better
evidence of age, its description is placed in the pre-Cambrian
section of this paper.

SYENITE, HORNBLENDITE, AND DIORITE

In the granite area east of Garfield are several intermediate
to basic dikes trending in a general northerly direction. Most
of these dikes are intrusive into the granite; since they extend
long distances, and in most cases are sharply differentiated from
the granite walls, apparently forming an eruptive contact. They
have, however, shared the regional metamorphism with the
granite, and are hence probably but little younger. The most
prominent dikes of this class will be described here briefly.

The dike seen at the railway, about 800 feet east of the base
of the limestone, is a heavy, dark, fine-grained rock composed of
hornblende and subordinate feldspar with considerable titanite
and a small quantity of magnetite. The microscope shows the
feldspar to be microcline and plagioclase in about equal quanti-
ties. Many hornblende crystals have well-developed crystal faces.

The Bay State and Independence tunnels, about a mile
north of the railroad, cut a similar, or probably the same, dike.
The rock in the specimens examined differs from that at the
railroad chiefly in that the feldspar is all orthoclase. This dike,
or one parallel to it, can be traced northward nearly half a mile
to a point where it passes under the moraines.

A few feet east of the first dike mentioned is one of horn-
blendite composed chiefly of hornblende but carrying some
pyrite. A narrow dike of hornblendite crosses the ridge south-
east of the Clinton mine. This rock is very fine in texture, and
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carries, in addition to the hornblende, a small amount of ortho-
clase and plagioclase.

A strong dike of diorite. about a mile and a half east of
Garfield, is approximately parallel to those farther west. It is
slightly porphyritic, having a few plagioclase phenocrysts in a
fine-granular groundmass of hornblende and plagioclase. The
rock shows evidence of having been folded and squeezed. Al-
though the dike appears to be intrusive it does not show walls
as well defined as do some of the others, and is itself cut by
pegmatite veins a fraction of an inch to several inches wide.

On the first hill north of the point where the last-mentioned
dike is exposed at the railroad, a diorite dike with an eastward
trend may be seen. This diorite is even-grained and composed of
feldspar and dark minerals in approximately equal amounts.
Hornblende is the predominant dark mineral, but the microscope
shows considerable augite and magnetite. IExtinction angles
indicate that the feldspar is basic andesine or acid labradorite.

Relation to the granite—It will be noticed that the dikes
described have essentially the composition of lamprophyres, but
differ from the latter in texture. The texture is about what
might be expected in a rock of lamprophyric composition solidi-
fying under conditions which favor slow crystallization, that is,
at high temperature. May not these dikes be the deep-seated
extension of lamprophyric dikes whose upper part has been
removed by erosion? If so, they may be considered the femic
differentiate of the granitic magma and complementary to the
pegmatite mentioned on a preceding page.



CHAPTER IV
PALEOZOIC SEDIMENTARY ROCKS

Although Paleozoic sediments are exposed over only a small
part of the area mapped, there are reasons to believe that the
entire area was once covered by nearly or quite all of the forma-
tions now represented. Among these reasons are: (1) the close
lithological resemblance between separated areas of each forma-
tion; (2) the virtual absence of shore deposits from the limestone
formations, thus indicating a considerable distance of land masses
from the area at the time of deposition of the sediments; (3) the
presence on both sides of the Continental Divide of all the forma-
tions of the region, excepting the youngest one, whose absence
from the Tomichi district can easily be explained by its removal
through faulting and erosion; and (4) the presence of Paleozoic
sediments north of Monarch Pass on the crest of the Sawatch
Range. The crest of the range, where it was involved in anti-
clinal folding, would be more likely than any other part to be
above sea-level while the remainder of the area was receiving
sediments ; but if this ‘part had been exposed longer than the rest
it is highly probable that, with its consequent less total thick-
ness of sediments and its position and structure favorable for
rapid erosion, all of the sediments would have been removed long
ago. The age of this part of the range is further discussed in
the chapter on structural geology.

Excepting a few beds, most of the sedimentary rocks in the
region are poor in well-preserved fossils. This poverty is doubt-
less owing, in large measure, to the dolomitization of the lime-
stone and the contact metamorphism to which most of the sedi-
ments have been subjected. It is probable that a paleontologist
if given sufficient time, could find more species than are 1"ecorded
Lere, and a stratigrapher would doubtless make further strati-
graphic subdivisions. Partly on paleontologic, partly on lith-
ologic grounds, the sediments of this region can easily be divided
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into at least five formations. Since three of these cannot be
definitely correlated with previously described formations it has
seemed advisable to use new formation names. The three forma-
tion names proposed in this paper have been considered and
approved by the United States Geological Survey's Committee on
Geologic Names. Generalized vertical sections of the Paleozoic
sediments of the two districts are given at the end of this chapter.
CAMBRIAN SEDIMENTS
SAWATCH QUARTZITE

Near the uorthwesticoruer of the Tomichi district the granite
is overlain by about twenty feet of quartzite which can be fol-
lowed almost a mile along the strike of the bed. The rock is
white and very hard and composed mainly of sand grains, one
or two millimeters in diameter, in a siliceous cement. The
(quartzite is quite uniform in color and texture from the lowest
exposure to the top. A small part of the formation at the base
is covered by talus and soil. On the west slope of Lake Hill the
same quartzite has been uncovered in two shallow prospect pits,
and it is also seen in an inclined shaft on West Point. In these
places the bed is probably less than five feet thick. A small
remnant of quartzite is also exposed about three-quarters of a
mile south of West Point, on a hill from which all the limestone
has been removed by erosion.

In the Monarch district this quartzite is not anywhere ex-
posed at the surface. However, in the Clinton and Lilly mines
north of Garfield and in the Evening Star tunnel on Monarch
Hill, remnants of quartzite from a few inches to a few feet thick
may be seen between the granite and limestone.

Conditions of deposition.—The small amount of Sawatch
(uartzite remaining in this district is made up almost entirely
of well-washed quartz sand. It was, therefore, probably deposited
in shallow waters near the seashore. The granite floor on which
this sand was laid down seems to have been reduced to a com-
paratively flat surface before the sand was deposited. Certainly
it was so reduced before the deposition of the succeeding lime-
stone after an ecrosion interval insufficient for the complete re-
moval of the Sawatch quartzite.
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Age—No fossils have been found in this formation in the
area under consideration. Because of its stratigraphic position
and lithologic character, it is thought to be a remnant of the
lower division of the Sawatch quartzite® which has been described
from several districts of central Colorado. Upper Cambrian fos-
sils® have been reported from the upper division of the Sawatch
quartzite in most of these districts.

ORDOVICIAN SEDIMENTS
TOMICHI LIMESTONE

The sediments referred to the Ordovician system comprise.
about 400 feet of limestone and quartzite, the former predom-
inant. The basal part is limestone which lies unconformably
on the Sawatch quartzite where the latter is present, and which
rests directly on the pre-Cambrian granite where that quartzite
is absent. These beds are well exposed in the Tomichi district,
and for this reason the name Tomichi limestone is here pro-
posed for the formation. With but slight variation in character,
the limestone is continuous in most of the outcrops for 230 to
290 feet. Near the top of this limestone, in at least part of the
field, is a more or less sandy bed about fifteen feet thick. A few
feet above the sandy limestone is a persistent bed of quartzite.
locally called “parting quartzite.”

The “parting quartzite” varies from twenty to thirty-eight
feet in thickness. It is succeeded by about 100 feet of limestone
which grades into dolomitic limestone, followed by a few feet of
argillaceous limestone and calcareous shale. For purposes of
mapping, the shale stratum has been taken as the upper limit
of the Ordovician sediments. The following is a section of the
Ordovician beds east of Garfield exposed along the creek:

1See the following:

Emmons, S. F., Geology and mining industry of Leadville, Colorado: Mon.
U. S. Geol. Survey, vol. 12, 1886, p. 58. (The formation is called Lower quartzite
in Emmons’ report.)

Eldridge, G. H., Anthracite-Crested Butte Folio (No. 9), Geol. Atlas U. 8.,
U. S. Geol. Survey, 1894.
Emmons, S. F. Tenmile Folio (No. 48), Geol. Atlas U. S., U. S. Geol. Survey,
1898.

Girty, G. H., Carboniferous formations and faunas of Colorado: Prof. Paper
U. S. Geol. Survey No. 16, p. 140.

2Loc. cit.
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Section of Ordovician sediments east of Garfield
Feet
11. Thick-bedded, non-cherty, gray limestone, dolomitic in upper
s D e P O o e s e A about 100
10. Thick-bedded, bluish quartzite, with limonite stain on surfaces 18.5
9. Banded quartzite, mostly white with bluish-gray streaks;
frequent specks of brown ferric oxide in the white quartzite.

Most of the quartzite is coarse-grained.................... 14
8. Bluish quartzite, coarse-grained, with siliceous cement. .. ... ey
7. Mostly thin-bedded limestone, partly cherty; contains a few

feet of sandy limestone near the top.............ocuvun... 46
6. Thin-bedded, light-gray limestone. Small fibers of asbestos-

like mineral, probably tremolite, in upper part............. 9
5. Thick-bedded, bluish-gray, cherty limestone................ 112
4. One stratum of blue limestone, with a few small veins of

(SFE RGN 2 i o o e s e e P B B R R iR e AT A 1 s 2

3. Thick-bedded, bluish-gray Ilimestone, with chert nodules.
Nodules are continuous in places and form seams up to three

1 0L ) 8 s e e R IR e 60

2. Thick-bedded, bluish-gray limestone....................... 1é
1. Thin-bedded, bluish-gray limestone, resting on granite...... 9
382

Limestoné—In the Garfield mine, east of Taylor Gulch, the
limestone below the “parting quartzite” has a thickness of 290
feet; east of Garfield the thickness is about 260 feet; in the
Eclipse mine, on Monarch Hill, the thickness is 235 feet. There
is a gradual thinning as the limestone is followed toward the
southwest extremity of the synclinal fold. On the west limb of
the fold, from the Madonna No. 6 tunnel northward, the lime-
stone is partly cut out by a fault. The Madonna No. 6 tunnel,
which was started apparently very near the granite-limestone
contact, cut the “parting quartzite” at ninety feet from the tun-
nel entrance. Making allowance for the dip of the beds and the
possibility of error in locating the contact between the gran\ite
and limestone, it is probable that the lower limestone is between
cighty and ninety feet thick in this tunnel. North of the creek,
a crosscut from the Monarch Contact tunnel and a drift follow-
ing the west border of the “parting quartzite” for some distance
show that the thickness of the limestone between the granite and
quartzite is about seventy-five feet in this locality. In the Tomichi
district the limestone below the quartzite has a thickness about
equal to that of the same limestone east of Garfield.

The reduced thickness south and southwest of Monarch points
10 one of two possibilities: (1) that the deposition of the lime-
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stone in this vicinity was less than elsewhere, or (2) that more
of the originally deposited limestone had been removed by erosion
prior to the deposition of the “parting quartzite.” Because of
the nearly uniform character of the limestone and the lack of
paleontological evidence it is impossible to say which of these
is the true explanation. In view of the abrupt change from lime-
stone of varying thickness to a coarse siliceous quartzite it would
seem probable that the quartzite lies unconformably on the lime-
stone.

In the Monarch district nearly all the Ordovician limestone
is bluish-gray, very fine-textured, and thick-bedded. Excepting
a few feet at the base, the limestone is strongly magnesian. Two
analyses are given below :

Analyses of Ordovician limestone
[R. M. Butters, Analyst]

ik 2

QLG & Fr s e e daaeysts mbant o o 56 s ien St LA el g 3.94 2.68
AT O o S T B SEEEatts B e ke Lot 2472 3.20
170 P e | N R g 18 ) ey o 2 ST e 1.80 0.64
] N o e TP S A ) SRSt P P 1.88 14.07
T 0 R A R el B L S 48.80 34.33
ERGO-23 o o ey P T N et el e ey W 1.14 1.27
(0 L e G Rl e LT LB O A G S B B o) Ok 40.50 49.54

100.08 99.73

1. Limestone 5 feet above base.
2. Limestone 210 feet above base.

Most of the limestone contains nodules of dark-gray chert.
Locally the chert may form a continuous band, having a maxi-
mum thickness of about three inches. Above the “parting quartz-
ite” there is comparatively little chert. West of Monarch, at
Cree Camp, and on the southwest slope of Missouri Hill, the
limestone below the quartzite has been changed by metamorphic
processes to a coarse, white marble. Much of the limestone of
the Tomichi district in the same stratigraphic position is crys-
talline, but not so thoroughly metamorphosed as that west of
Monarch and on Missouri Hill. On Monarch Hill, a few feel
below the “parting quartzite” is a good exposure of the sandy
stratum observed in several outcrops. This stratum, which is
here nearly fifteen feet thick, is composed mainly of arenaceous
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limestone alternating with a few thin layers of calcareous sand-
stone.

Quartzite—Although this quartzite is often called “parting
quartzite” by residents of the region, it is not intended here to
attempt to correlate it with the Parting quartzite of the Leadville
and Aspen districts. It is present on both sides of the divide,
and is the best horizon-marker in the Paleozoic sediments. East
of Garfield the quartzite is about thirty-eight feet thick. It
gradually thins toward the southwest end of the synclinal fold,
and thence northward. It is about twenty feet thick in the
Madonna No. 6 tunnel on the west limb of the fold. About a
mile northwest of Monarch Pass the quartzite is thirty-four feet
thick. In general, the quartzite is fairly uniform in character.
It is composed essentially of rather coarse sand grains with a
giliceous cement. It is commonly blue to gray on fresh surfaces,
but weathered outcrops are generally white to reddish or brown.

Near the northwest corner of the Tomichi district a small
detached block of this quartzite was found, which shows on one
face parallel to the bedding many impressions of cubes. The
impressions are nearly a quarter of an inch across and have very
smooth sides. That these are the impressions of fluorspar crys-
tals is shown by the presence of a few remnants of fluorspar
cubes. The fluorspar was apparently precipitated from a super-
saturated solution of sea water on the sandy bottom. Around
the crystals formed, more sand was deposited. After solidifica-
tion of the sand, possibly within comparatively recent geologic
time, most of the fluorspar was removed by solution. A careful
search failed to disclose similar impressions in place. Although
the phenomenon was perhaps local, the crystals had been closely
packed in the specimen examined, thus showing a high concen-
tration of the solution from which they were deposited.

Shale beds or lenses, with a maximum thickness of about
two feet, lie between quartzite strata in some of the exposures.
These may be more common than they appear to be, since they
easily escape observation except where the loose material i«
rapidly removed by erosion.

Where the beds dip at a moderate angle the quartzite forms
prominent outcrops as on Monarch Hill and northwest of Mon-
arch Pass. Where the beds are nearly vertical the quartzite
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offers but little more resistance than does the limestone and is
conspicuous only because of difference in color from that of the
underlying and overlying limestone.

Conditions of deposition.—Most of the formation indicates
deposition in clear water at considerable depth. Typical shore
deposits are not present below the “parting quartzite,” although
the sea was probably shallower when the sandy stratum near
the top of the lower limestone was laid down. The greater part
of the “parting quartzite” was probably deposited in shallow
water near the shore. The shale lenses in this quartzite suggest
a greater removal from shore or storm conditions on the land,
or both. There was evidently a return to clear-water conditions
while most of the upper limestone was being laid down.

Age.—The lowest beds of the limestone described have yielded
no fossils. On Monarch Hill Helicotoma sp. and undeterminable
cephalopods were found fifty feet above the base. About ten feecl
higher, poorly preserved specimens of Dalmanella, probably D.
testudinaria, were found. Specifically unidentified Orthoceras
specimens, much silicified, were collected from the limestone
about eighty feet above the base and upward to the ‘“parting
quartzite.” Doctor Ulrich and Professor Henderson have each
identified Rcceptaculites oweni found in the limestone imme-
diately above the quartzite and upward about fifty feet. Halysites
catenulatus and small cup corals accompany the Receptaculites,
while the cup corals extend upward about 100 feet above the
quartzite.

It is probable that the upper limestone is not younger than
the Trenton limestone of New York of late Middle Ordovician,
or Mohawkian, time. The fossils from the lower limestone also
indicate a Middle Ordovician horizon, though it is probable that .
there is a stratigraphic break at the base of the “parting
quartzite.”

Fossil species collected are too few to justify a correlation
of the Tomichi limestone with type sections. It should be men-
tioned, however, that Walcott’s® list of fossils from the lower

1Walcott, C. D., Preliminary notes on the discovery of a vertebrate fauna
in Silurian (Ordovician) strata: Bull. Geol. Soc. America, vol. 3, 1892, pp. 153-171.
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part of the Fremont limestone, near Canon City, Colorado, in-
cludes Receptaculites oweni and Halysites catenulatus, both of
which have been found in the Tomichi limestone above the “part-
ing quartzite.” Neither of these species is noted from the Harding
sandstone below and Receptaculites oweni is not included in the
list of fossils from the upper part of the Fremont limestone.
The lithological character of the formation described suggests a
possible correlation of the lower limestone member, the “parting
quartzite,” and the upper limestone with the Manitou limestone,
Harding sandstone, and Fremont limestone, respectively.!

DEVONIAN-MISSISSIPPIAN SEDIMENTS

OURAY LIMESTONE

The shaly bed about 100 feet above the “parting quartzite”
is taken-as the base of the Ouray limestone as it is shown on
the accompanying geologic maps. The upper boundary is placed
at the base of quartzite and conglomerate beds 570 to 800 feet
bigher. The thickness of the Ouray formation, as here taken, is
about 570 to 700 feet on Monarch Hill, 800 feet in Taylor Gulch,
and 800 feet in the Tomichi district. This is much thicker than
the described Ouray in other parts of Colorado.> The vertical
range of the Ouray fauna on Monarch Hill is about 300 feef.

The beds between the highest determined Ordovician horizon
and lowest determined Devonian horizon are less than 150 feet
thick. They change rapidly in character vertically, being in part
nearly pure lime carbonate and in part variably dolomitie, shaly,
and arenaceous. Although one or more stratigraphic breaks may
be present, the beds show no angular unconformity.

There is no single exposure of the Ouray limestone in the
Monarch district suitable for the detailed measurement of an
entire section. The lower half of the section given below was
measuredlin the Eclipse No. 4 tunnel on Monarch Hill. The
upper half was calculated from data obtained from surface
chservations.

1See Pike’s Peak Folio, U. S. Geol. Survey, Folio 7, 1894.
“For name and stratigraphic relations see Kindle, E. M., The Devonian
fauna of the Ouray limestone: Bull. U. S. Geol. Survey No. 391, 1909.
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Section of Ouray limestone on Monarch Hill

Feet
12. ‘Gray to blue dolomitic IIMeSEOne: ... s« ol meie oo nnnnioaonie about 140
10> Black/d0TOMIEE: L, it o reronsie e sttt S - SIS T about 40
10. White to gray limestone, much of which weathers to yellow..about 250
9.  Blue magnesian TiMESTOTIE. . viuie o s eretomn okot: oo hardlaisiaslate o s oo oi¥aals 21
8. Blue limestone, mostly very fine-grained; coarsely crystalline in
lower part, and containing imperfect casts of brachiopods........ 42
e Bl Sh g Ty sil1CE OIS I O L DT . st ot Reh oo S MR O e o PR 18
6r Whiterdolomitie dimTesTOTIE, i, v e s o o e T R e 18
5. Hard, mottled argillaceous limestone. ............coiuiuinennnnn 17
4. “White dolomitiC TN ERTOTIEN e tse o feiede o S o pret s L S R T 5
2. Dark-gray argillacecus limestone. .. o </ sae faein s oy o oSt e e 12
2. Hard,'brown calcareous shale and mottled argillaceous limestone. . 7
12 MBIy SHALE: . R e i S o ey e et 2 inches
570

The basal part of the formation, for about eighty feet, is
more or less argillaceous or arenaceous. Much of it weathers to
red or chocolate-brown, making it a good horizon-marker in un-
metamorphosed areas. Most of the limestone is heavy-bedded
and, where not metamorphosed, is very dense. Excepting that
south of the railway in the Monarch district and in a compara-
tively small area near the southeast corner of the Tomichi dis-
trict the Ouray limestone is more or less coarsely crystallized.
The limestone is mainly gray to blue on fresh surfaces. Weath-
ered surfaces are generally gray, but on Monarch Hill much of
the limestone weathers to yellow or nearly white. About 150 feet
below the top of the formation is a bed of black dolomite twenty
to forty feet thick, No. 11 of the section. South of Monarch,
where it is not coarsely crystallized, the black dolomite carries
many fossils. Near the head of Taylor Gulch this rock is thor-
oughly metamorphosed and cannot he distinguished from the
other beds. In the Tomichi district it is dark gray to black and
coarsely crystalline. No fossils were found in the Ouray forma-
tion above the black dolomite, but since the ovel"lying limestone
is strongly dolomitic and appears to be conformable on the black
dolomite it is included on the map with the determined Ouray
beds.

Although nearly all of the Ouray limestone is magnesian or
dolomitic, about half-way up in the formation is a bed composed
of almost pure calcium carbonate. At Garfield, where it is ex-
tensively quarried for flux, this bed is nearly 100 feet thick, is
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mostly blue in color and thoroughly crystallized. The table
below gives analyses of two samples of limestone and one of
dolomite from the Ouray formation. For comparison, the theo-
retical composition of normal dolomite, CaCO,.MgCO,, is also
given.

Analyses of limestones and dolomite by R. M. Butters, and theoretical
composition of normal dolomite

1 2 3 4

ST e G T N 18.16 0.12 0.34

Ao At L R S 15.34 5

) D S S e S 3.81 0:20 0.

MO oom T c s Vi il - 394 | 1355 | 20.07 21.9

RO N e S e 2588 | 38.56 | 32.12 30.4

5 (T o i LR B0 oL el R 8.28 2.30 0.00 ye

5 e N e Y & SIS 2462 | 4532 | 47.37 477
100.03 | 100.05 | 100.06 100.0

Argillaceous limestone from No. 3 of the section,

Magnesian limestone, 240 feet above base of Ocray formation.
Black dolomite, No. 11 of section.

Theoretical composition of normal dolomite.

& W o

The tollowing table gives analyses of Ouray limestone by the
chemist of the sugar factory at Rocky Ford:

Analyses of Ouray limestone

1 2 3 4 5 6
Insoluble ...... 0.54 0.18 0.24 145 3.60 6.67
Al,0,, Fe,O, ... 0.25 0.22 0.70 0.83 0.63 1.00
MECO, - ieisn ns 1.48 0.80 2.95 41.93 40.60 34.73
@aC@ s 98.31 | 98.54 96.67 56.49 55.80 b5. 147
det.es . S st 0.26 e o A 2.43
100.58 | 100.00 |100.56 100.70 100.63 100.00

Crystallized limestone near center of face of Garfield quarry.
. Average of twelve samples across quarry face.

Limestone about 350 feet west of quarry.

Dolomite 40 feet west of No. 3.

Dolomite 40 feet west of No. 4.

Dolomitic limestone 40 feet west of No. 5.

SOV W

It is probable that the stratum from which No. 4 was taken
is the same as 11 of the section.

In several places the dolomitic limestone near the top of the
formation is succeeded by one or several beds of shale which is

State Historical and
Natural History Soci
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Lere included with the Ouray. The thickest shale bed observed
is exposed east of Garfield on the north side of the creek. Here
the limestone is overlain by a two-foot stratum of quartzite which
is in turn followed by fourteen feet of shale. Massive garnet
and graphitic marble have been developed in considerable quan-
tity in this zone west of the head of Taylor Gulch. Shale is also
seen above the dolomitic limestone east of Monarch at the portal
of the Great Monarch tunnel, and in many prospect holes in the
Tomichi district. Just south of Monarch this shale is absent,
owing probably to removal by erosion prior to the deposition of
the succeeding supposed Pennsylvanian beds.

Conditions of deposition.—Nearly all the Ouray formation
was laid down in a clear, quiet sea, and hence probably at con-
siderable distance from the shore. The virtual absence of mechan-
ical sediments indicates that the streams were bringing from the
probably base-leveled land area considerable material in solution
and very little in suspension. There is no satisfactory evidence
at hand by which the time of dolomitization can be determined.
Toward the close of Ouray time, a relative elevation of the land
or storm conditions, or both, enabled the streams to carry chiefly
suspended material which now constitutes the shale near the top
of the formation.

Age—Girty,” has recorded the following Devonian fossils
collected by Eldridge from the Ouray limestone of Monarch Hill:

Monotrypella sp.

Schizophoria striatula=S. striatula var. australis Kindle®*

Orthothetes chemungensis=—Schuchertella chemungensis (Conrad) Kindle 3

Orthothetes chemungensis var.

Productella semiglobosa=P. coloradoensis Kindle 4

Productella subalata?

Productella subalata var.

Athyris coloradoensis

Spirifer disjunctus var. animasensis=S. whitneyi var. animasensis (Girty)
Kindle 5 3

Camarotoechia endlichi (Meek) Schuchert

Camarotoechia contracta?

Straparollus clymenioides?

Orthoceras sp.

1Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, p. 36.

2Kindle, B. M., The Devonian fauna of the Ouray limestone: Bull. U. S.
Geol. Survey No. 391, 1909, p. 21.

ildem, p. 16.
‘Idem, p. 17.
SIdem, p. 25.
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Near the portal of the Eclipse No. 3 tunnel on Monarch Hill
many fossils are found in the limestone, which is here very dense
and emits a bituminous odor when broken. Since the limestone
shows no bedding the exact dip and stratigraphic position are
indeterminable. It is probable, however, that the lowest fossils
are found eighty to 100 feet above the pink, shaly bed which is
here taken as the base of the Ouray limestone. The following
genera and species were collected from this limestone:

Monotrypella sp. -
Schizophoria striatula var. australis Kindle
Schuchertella chemungensis (Conrad) Kindle
Athyris coloradoensis Girty °

Spirifer whitneyi var. animasensis (Girty) Kindle
Camarotoechia endlichi (Meek) Schuchert
Camarotoechia contracta (Hall) ?

On account of the structureless character ,of the limestone
on the dip slope where these fossils were found, it is difficult to
determine the thickness of the fossiliferous zone. It is not likely,
however, that the fossils range through more than fifty feet.
A few poorly preserved specimens of a gastropod were collected
from the limestone ahout fifty feet below the black dolomite and
approximately 200 feet above the beds which contain the fossils
noted above. These have been generically identified with some
uncertainty by Professor Henderson as Straparollus.

The Mississippian fossils collected by Eldridge from the black
dolomite south of Monarch and described by Girty,* are:
Syringopora aculeata Girty

Syringopora surcularia Girty
Spirifer centronatus Winchell

The bed in which these fossils were found, Girty correlates
with the Carboniferous portion of the Leadville limestone, which
he refers to early Mississippian age.”

In the course of the present survey the following were col-
lected from the same bed:

Zaphrentis sp.
Streptelasma? sp.
Syringopora aculeata Girty

Syringopora surcularia Girty
Spiriferina solidirostris White

1Girty, G. H., Carboniferous formations and faunas of Colorado: Prof. Paper,
U. S. Geol. Survey No. 16, 1903, pp. 273, 285, 531.

2 Op. cit., p. 170.

)
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Near the David H. mine in the Tomichi district where the
black dolomite is thoroughly crystallized, Surcularia and cup
corals are abundant.

Girty," in 1900, summarized the early literature on the
Devonian of Colorado and described the fauna of the Ouray lime-
stone, which he considered representative of late middle or early
upper Devonian time. More recently Kindle* brought the sum-
mary of the literature up te date and further described the
Devonian fauna which, he states, represents an Upper Devonian
horizon. Kindle also gives lists of Mississippian fossils from the
upper part of the Ouray limestone and discusses the stratigraphic
relations of the two faunas. He shows that the two faunas are
distinct and points out lithologic differences between the upper
and lower parts of the Ouray limestone.

In the Monarch area no Devonian species have been found
in the black dolomite, nor were any Mississippian species found
below this bed. Careful search was made for fossils in the lime-
stone immediately below the black dolomite, in order to determine
whether or not the sharp lithologic change here might mark the
division between the Devonian and Mississippian systems. But
no specifically determinable fossils were found between the fos-
siliferous zone near the base of the Ouray and the black dolomite
of Mississippian age. The apparent scarcity of fossils in this
part of the formation agrees with Kindle’s® observation that the
two faunas are generally, if not always, separated in the sections
by beds which are quite barren.

PENNSYLVANIAN SEDIMENTS
GARFIELD FORMATION

The name Garfield formation is here proposed for the sedi-
ments including conglomerate, quartzite, sandstone, shale, and
limestone, which overlie the Ouray limestone with apparent un-
conformity. The thickness of this formation is about 2,600 feet
west of Taylor Gulch, and about 2,800 feet on Syncline Hill.
In the Tomichi district the thickness is only a few hundred feet;
here erosion has probably removed much more than now remains.

1Girty, G. H., Devonian fossils from southwestern Colorado: the fauna of
the Ouray limestone: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, pp.
25-81.

“Kindle, E. M., The Devonian fauna of the Ouray limestone: Bull. U. S.
Geol. Survey No. 391, 1909.

30p. cit., p. 13.
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At the base are quartzite and conglomerate beds about thirty
feet thick. East of Garfield, along the creek below the Lilly tram
terminal, the following section is exposed:

Section of basal part of Garfield formation east of Garfield

Feet

AN e orained, eray QUATEZIte: s, e on Py soiss e e a e Sm o s m ot 878 2
3. Bluish quartzite conglomerate, containing chert pebbles up to one

inch in diameter add smaller quartz pebbles. .............oouun... 2

2. Fine-grained, dark-blue quartzite...............coveineiinnnnannn. 17

1. Very coarse, dark-blue quartzite overlying 14 feet of shale......... ©. =0

About 300 feet northeast of the Fairplay mine at Monarch
the basal member of the Garfield rests on the Ouray limestone
with no intervening shale. In the outcrop, which is small, the
following section was measured: g

Section of basal part of the Garfield formation at Monarch

Feet

8. Coarse quartzite conglomerate, carrying chert pebbles............. 6

e ARy ST CenNS T EStOTIE & o r S s iatnls sinrore 55 aoim: o ocati s o niohula 3
6. Chert conglomerate (chiefly chert pebbles with small amount of

I E TR O AT e} e B B D O TR b A A D b G ol 2

5. Gray limestone with marcasite concretions; sandy near top........ 3
4. Intraformational conglomerate (blocks of gray limestone, 6 inches

in diameter, in a matrix of coarse quartzite) ..................... 3

SR BT Sty I ESTOIIE 10 o i ol sraeine s sit 7o o alsnsta v s aniie 57 B 5os wse 2

2. Gray limestone with marcasite concretions. ..............ocuvuunn 8
1. Coarse, blue-gray quartzite (lower 2 feet conglomeratic, having chert

pebbles up to 1 inch in QIAmMEteT) . . ..o ovveenns e eeeaeenanenans 7

Excepting the two small outcrops in which the above sections
were measured, there is no good exposure of the basal part of
the Garfield formation in the Monarch district. West of Taylor
Guleh the relations between the Ouray and Garfield formations
Liave been obscured by contact metamorphism which has resulted,
in one place, in a mass of garnet thirty-five feet thick, besides
several smaller seams. In the Tomichi district there is no good
outcrop of the basal part of the Garfield formation, but the
iorizon can be readily traced by the aid of dumps at numerous
prospect holes which show quartzite, conglomerate, and black
shale or graphitic material.

The first 700 feet of sediments which overlie the quartzite
and conglomerate mentioned is mainly black shale with com-
paratively thin strata of quartzite and impure limestone. In the
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Monarch district the shale is mostly covered by superficial mate-
rial, and only isolated outcrops may.be seen. In the metamor-
phosed areas west of Taylor Gulch and in the Tomichi district the
shales vary from ordinary indurated shale to hornfels.

Beginning at about 750 feet from the base of the formation
and extending upward nearly 200 feet, the sediments are chiefly
interstratified limestone and black shale. The shale, which ex-
ceeds the limestone in quantity, is more or less calcareous. The
limestone varies from bluish-gray, fairly pure limestone to black
shaly limestone. The fossils noted below were found in these
shales and limestones.

The middle third and upper third of the formation are made
up of shale, shaly limestone, and quartzite or sandstone. The
middle third is more calcareous than the upper third, while the
upper third contains more sandstone and quartzite. Any of the
rocks named may be in comparatively thin layers, or in beds
twenty feet thick or more.

Much of the shale is calcareous and, where very hard, is
difficult to distinguish from the black limestone. Many of the
shale beds on Syncline Hill have been altered to cordierite horn-
fels and closely resemble the quartzite in appearance. They can
usually be distingunished from the quartzites by their greater
hardness and their metallic clink under the hammer. Weathered
surfaces of the metamorphosed shale are commonly stained brown
by iron oxide.

The limestone varies from a dense rock showing bedding, te
structureless graphitic marble. The dense variety very commonly
shows many disseminated grains of marcasite.

Very little true sandstone is present but quartzite is com-
mon in the upper part, It varies in texture from fine to coarse,
but could scarcely be called conglomeratic. Dark blue is perhaps
the prevailing color of the freshly broken rock. Some beds, how-
ever, are light gray; others, owing to the presence of graphite,
are nearly black. Weathered surfaces are c:ommonly brown. On
the east shoulder of Taylor Mountain much of the quartzite has,
on weathered surfaces, the appearance of the ancient schists.
This is caused by the segregation of the dark minerals, which
include much biotite, along bedding planes.

Conditions of deposition.—The Garfield formation was almost
entirely laid down in shallow water. Progressive subsidence
relative to the adjacent land, with probable temporary halts,
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characterized the submerged area during the accumulation of
nearly 3,000, feet of sediments. The basal member is essentially
a shore deposit, consisting mainly of well-washed sand and some
gravel now consolidated. The carbonaceous material near the
middle of the basal quartzite beds indicates an adjacent base-
leveled land area.

The shale strata, about 700 feet thick, which succeed tihe
basal quartzite, record flood conditions on the land or off-shore
deposition, or both. The overlying limestone strata, which were
deposited in comparatively clear water, form a very small frac-
tion of the entire formation. These are more or less impure from
the admixture of clayey and carbonaceous material and alternate
with beds of shale. The upper part of the formation records
many changes which may include variations in depth of water,
in currents, in relief of the land, and in climate. In general,
however, there seems to have been a more or less gradual shoaling
of the water toward the end of this epoch of sedimentation.

Age—The lowest bed in which Pennsylvanian fossils were
found is about 750 feet above the base of the formation. Professor
Henderson has identified the following genera and species col-
lected between this horizon and one about 200 feet higher:

1. Fenestella sp.

2. Rhombopora lepidodendroides Meek

3. Chonetes geinitzeanus Waagen

4. Chonetes sp.

5. Derbya? sp.

6. Productus semireticulatuis var. Hermosanus

7. Productus inflatus McChesney

8. Productus cora d’Orbigny

9. Spirifer rockmontanus Marcou
10. Spirifer sp., the form commonly referred to S. boonensis Swallow
11. Aviculopecten sp.
12. Pseudomonotis sp.
13. Pleurophorous subcostatus Meek and Worthen
14. Edmondia cf. gibbosa Geinitz
15. Calamites sp.

Nos. 4, 7, 8 13, and 14 'were collected from the upper part
of a hard shale bed about twenty-five feet thick, the lowest out-
crop shown in Plate XIT; Nos. 11 and 12 were found in the talus
near by. No. 7 was also found about forty feet higher in the
upper part of a shale bed and lower part of an overlying lime-
stone stratum. Nos. 8 and 9 were collected from a blue limestone
about six feet higher. Nos. 1, 2, 3,5, 6, 7, 8, 9, and 10 were col-
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lected from what is apparently the same zone near the fault
toward the west where the beds stand vertical. The specimens
of Calamites were found in a black shale near the fault about -
200 feet higher stratigraphically than the lowest fossil-bearing
horizon. 2

These fossil-bearing strata are referred to the Pennsylvanian
system, without an attempt to correlate them specifically with
any of the described formations of other areas. The underlying
beds, about 750 feet thick, which apparently unconformably over-
lie the Ouray limestone, are included provisionally with the
known Pennsylvanian strata with which they are conformable in
bedding. It is possible, though not probable, that these lower
beds may in part belong to the Mississippian system. According
to Girty,® all the known Mississippian sediments of Colorado
represent only early Mississippian time. Elevation and erosion
preceded the deposition of Pennsylvanian sediments. It is highly
probable that the quartzite and conglomerate at the base of the
Garfield formation are the oldest Pennsylvanian rocks in the
region. Since no unconformity has been observed in that part of
the Garfield formation which overlies the beds containing fossils
it is also provisionally included with the determined Pennsyl-
vanian.

PERMO-PENNSYLVANIAN (?) SEDIMENTS

KANGAROO FORMATION

For all the sedimentary rocks which overlie the Garfield the
name Kangaroo formation is here proposed, after Kangaroo
Gulch where the lowest beds are well exposed. This formation
reaches its maximum development along Middle Fork where it
Lhas an apparent thickness of about 3,000 feet. It is possible that
some of the strata are repeated as the result of faulting, though
no evidence of faulting which could produce such an effect has
been observed. Since the formation has been cut off by the quartz
monzonite intrusion the original thickness was probably even
greater than the present. Talus, glacial deposits, and soil cover
the greater part of these beds. Where exposed, most of the strata
dip steeply toward the west or stand vertical. Locally they are
slightly overturned, dipping east a few degrees from vertical.
On Syncline Hill the formation is only about 450 feet thick; the

1Prof. Paper U. S. Geol. Survey No. 16, 1903, p. 170.
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greater part has been removed by erosion. If any part of the
formation was deposited in the Tomichi district, it has been com-
pletely removed by faulting and erosion. That these beds formerly
extended across the divide into that district is indicated by large
masses of sediments, having similar mineral and textural char-
acter, inclosed in the volcanic breccia south of Vulecan Mountain.

The conglomerate at the base of the Kangaroo formation
overlying the Garfield shales indicates an unconformity. No very
good evidence of an angular unconformity was found, but this
may be because of the poor exposures at this horizon. The upper
part of the Garfield formation is commonly covered with talus.

‘The Kangaroo formation is composed essentially of quartz-
ites, conglomerates,and metamorphosed shales. Unmetamorphosed
sandstone is practically absent. The rocks are generally gray,
often with brown, blue, or light-green tones. The commonest rock
is coarse-grained quartzite, which is in many beds very feldspathic.
The microscope shows abundant finely crystallized biotite filling
the interstices in some specimens, indicating a ferruginous cement
in the original sandstone or arkose. Other specimens contain no
biotite, but considerable epidote and much tremolite have been
developed through metamorphism. These minerals point to a
somewhat calcareous cement in part of the original sediments.
Near the lower part of the formation quartzite conglomerate is
found at several different horizons. The pebbles of the conglom-
erate range in size from a fraction of an inch to at least three
inches in diameter. The smaller pebbles are chiefly of quartz;
the larger ones are of granite. The shales and their metamorphic
equivalents are commonly dark in color. They range from very
llard shale, in which the development of metamorphic minerals
is not noticeable to hornfels: which often carries abundant cor-
dierite in small grains.

There is no exposure of a coniplete section of this formation.
The most prominent outcrop is in a small area on the slope east
of Kangaroo Gulch where the beds are vertical and stand out
prominently above the surrounding sliderock. Here, and west of
the gulch, the following section was measured :

Lower part of Kangaroo formation

Feet
15. Quartzite and quartzite conglomerate, chiefly; partly covered..... 400+
R I OVE LT, B G L oo o e et e e ) 2o & o s ik 3 oorss 8 s eiis o olm & brios o8 250
13. Quartzite and quartzite conglomerate........................... 50

P R e S L ar o (T o i  i ra E  SpU e 35
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11. Calcareous sandstone or sandy marble, with limonite concretions

and- Hmonite STaiug 2. o s e oe e i, (HE SNl SN Nt S Fo et o U Eaee 2
10.- “Hornfels or indurated: shale s s e e S e e e 15
9. Medium-grained white quaPlzite. @ .. o i s tie @it ool she siaissars 8
RN s 15 D67 R =Y (M- s T2 A (= et e 1t g iiletn 8 B T B 2 s D B S o 2
T QUATLZITET 15 e lois o= ot sl oo siess oo o eita el e e ko T i s e Siile M o ot e 30
6. Medium to coarse quartzite; contains beds with pebbles one-fourth
INCh Th AIAIMEHET. S i oo e i oo P e AT SR T - el ot ge SR e oo W 12
5. Cordierite hornfels, containing marcasite or pyrite.............. 6
4. Quartzite conglomerate, having pebbles up to one inch in diameter. 0.5
3. FC0ATSE: GUATTZINE . Goifms e i s T e B o e sy s e R oe Ao 45
2. Hornfels, part of which carries abundant cordierite.............. 40
L o Se aUATLZINe: o e s A e et e SR e R e 6+

On the divide north of Clover Mountain the volcanic breccia
incloses large masses of arkose and sandstone ranging from light
greenish-gray to deep red in color. These rocks are but very
slightly metamorphosed and have a cement which is in part cal-
careous. They may be considered the unmetamorphosed equiva-
lent of many of the quartzites farther east.

Conditions of deposition.—By far the greater part of this
formation was deposited near or along the shore in shallow water.
The several conglomerate horizons in the lower half indicate the
advance of the sea over a surface on which much debris had
accumulated. The large proportion of arkosic quartzite affords
evidence that mechanical disintegration preponderated over decay
in the weathering of the exposed rocks. The many shale beds
suggest periods of deposition in deeper water or more complete
decomposition of the land surface, owing probably to a low relief.
Calcareous material is very subordinate in amount in the sedi-
ments, and where it is present the bulk of the rock is sand or
shale. The clear waters necessary for the deposition of limestone
were not present as in the older Paleozoic sea.

Age—Since no fossils have been found in this formation its
age is undetermined. An attempted correlation with formations
of other districts, based on lithologic character and stratigraphic
position, would be but little better than a guess. Excepting the
color, it is lithologically similar to the Rico and Cutler® forma-
tions of the San Juan region and to the upper division of the
Maroon*® conglomerate of the Crested Butte quadrangle.

17U. S. Geol. Survey, Folios 120, 130, 131, 153.

Cross, W., and Howe, E., The Red Beds of southwestern Colorado: Bull
Geol. Soc. America, vol. 16, 1905, pp. 447-498.

2TFolio 9, U. S. Geol. Survey
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It is not improbable that the original sediments were at least
in part reddish, as suggested by the quantity of secondary biotite
in some of the beds and by the red sandstone inclosed by the
volcanic breccia north of Clover Mountain. It has been observed
that where the Maroon formation has been metamorphosed® the
rocks have lost their red color and become greenish.

The stratigraphic position with reference to the underlying
Penngylvanian sediments and the similarity to the Maroon con-
glomerate, taken with the geographic position, are the reasons
for doubtfully referring the Kangaroo formation to the Permo-
Pennsylvanian.

1Folio 9, U. S. Geol. Survey.
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Figure 2.—Vertical sections of the Paleozoic formations in the Monarch and Tomichi districts,
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CHAPTER V
POST-CARBONIFEROUS IGNEOUS ROCKS

For the convenience of miners, mining engineers, geologists,
and other field-workers, a description of the megascopic char-
acters of each of the post-Carboniferous igneous rocks is given
in this chapter. Definitions are included for those who have had
no training in petrography. More detailed descriptions, together
with notes on occurrence and age relations, are given in the
chapter on petrography.

AGE

Except the monzonitic variety of quartz diorite in the stock
near Monarch, all the rocks described in this chapter are shown
by field relations to be younger than the early Paleozoic sedi-
ments, and nearly all are demonstrably younger than the
youngest Paleozoic strata of the region. They are intrusive in
and have cut through all the Paleozoic beds which have, as a
consequence, undergone much contact metamorphism. Since the
* youngest determined Pennsylvanian beds are overlain by 5,000
feet of sediments which are probably in part Permian the
igneous rocks may, with reasonable certainty, be considered post-
Carboniferous. The quartz diorite of the Monarch and Tomichi
districts is one of the oldest, if not the oldest, of the post-Car-
boniferous rocks here considered. This is very similar to the
diorite of the Elk Mountains, which, according to Cross,! pene-
trates the Montana Cretaceous strata in the form of a stock.
Emmons?* shows that the Elk Mountain intrusives are of post-
Laramie age. It is therefore probable that the oldest post-
Carboniferous intrusions of the Monarch and Tomichi digtricts
are not younger than post-Cretaceous. It is not improbable that
most of the minor intrusions of the region are very much younger
than the earliest post-Carboniferous plutonic rocks. Certainly
the extrusive rocks on Vulcan and Central mountains bear evi-

17U S. Geol. Survey, Folio 9, p. 4.
2. 8. Geol. Survey, Folio 9.
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dence of being erupted after erosion had removed much of the
probably thick, original cover of the plutonic intrusions.

The relative age of each of the important rock types,
in so far as has been determined, is stated in the chapter
on petrography.

QUARTZ DIORITE

Definition.—Diorite is a granular igneous rock composed
essentially of soda-lime feldspar and one or more dark minerals
of the mica, amphibole, and pyroxene groups. The soda-lime
feldspar is most commonly andesine or labradorite, and usually
exceeds the dark minerals in amount. If the diorite carries
several per cent of quartz, usually accompanied by considerable
orthoclase and biotite, it is called quartz diorite. With increas-
ing orthoclase, the quartz diorites grade toward the quartz mon-
zonites. In this paper only those rocks whose orthoclase is less
than one-third the total feldspar present, are classed as quartz
diorites.*

Occurrence and description.—Typical quartz diorite is found
in a stock on the southeast slope of Lost Mountain and in a
smaller stock on the southwest slope of Mount Stella. A rock
which contains a larger proportion of orthoclase and less quartz,
and hence more monzonitic, forms a small stock about a mile from
Monarch toward the northwest.

The fresh quartz diorite of Lost Mountain and Mount Stella
is dark bluish-gray, while weathered surfaces are a dull brownish-
gray. The rock is fine-grained, but the unaided eye can readily
detect abundant feldspar and numerous bright cleavage faces of
black mica. The total amount of dark minerals which, as the
microscope shows, include augite and hornblende, is greater than
that of any other post-Carboniferous rock in the region. The
grains have an average diameter of not more than one-sixteenth
of an inch. 3

The monzcnitic variety, near Monarch, is lighter in color and
somewhat coarser in texture than the Lost Mountain quartz
diorite. In this rock also the unaided eye can readily recognize
a large proportion of white to gray feldspar and numerous
cleavage faces of black mica. With the aid of a lens fine parallel
lines may be seen on some of the feldspar cleavage faces. The
lines are caused by repeated twinning of the crystals and never

1See Barrell, Joseph, Geology of the Marysville mining district 3
Prof. Paper U. S. Geol. Survey No. 57, 1907, p. 54. g i Aontand
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occur in orthoclase. Their presence is the best criterion for the
determination of plagioclase in the field. The microscope shows
that this rock is very similar in composition to the “Salida
granite” (monzonite) which is extensively quarried at Salida for
building-stone.

In a small area near the west border of the Monarch stock
the rock is mottled with alternating light pink and dark greenish-
gray patches. The dark patches are segregations of the dark
minerals and plagioclase, while the pink ones are composed prin-
cipally of orthoclase and quartz.

QUARTZ MONZONITE GNEISS

Definition.—The name quartz monzonite was used by
Brogger® for granular acid rocks between granites and quartz
diorites in composition. Brogger’s typical acid quartz monzonite,
or adamellite, was evidently characterized by approximately
equal amounts of orthoclase and plagioclase, with considerable
quartz and subordinate mica, amphibole, or pyroxene. The name
has been used in America in recent years to include rocks which
have plagioclase much in excess of orthoclase. In this paper
only those rocks whose feldspar is at least one-third orthoclase
and whose plagioclase is one of the soda-lime series, are included
in the quartz monzonite family. Acid rocks, whose feldspar is
exclusively alkalic, even though half of it may be plagioclase
(albite), are here placed in the granite class. Since many quartz
monzonites can be distinguished from granites only by micro-
scopic study of thin sections, in the field they may be con-
veniently called granites. Quartz monzonite gneiss is a granular
rock that has the composition of quartz monzonite and a pro-
nounced gneissic structure.

Occurrence and description—The quartz monzonite gneiss
is exposed throughout a long and narrow area east of Shavano
Mountain and over a larger area northeast of Mount Etna. A
small body of what is probably a less acid facies of this rock may
be seen on the northeast slope of Clover Mountain. Smaller
masses are found, in various parts of the area mapped, as in-
clusions, or xenoliths, in the later igneous rocks. On the south-
west slope of Calico Mountain a remnant of sedimentary rocks
is in contact with a small body of the intrusive gneiss.

1Brogger, W. C., Die Eruptionsfolge der triadischen Eruptivgesteine bei
Predazzo in Siidtyrol, 1895, pp. 58-64.
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In the general area in which the gneiss is found it is the
oldest post-Carboniferous rock now exposed. It was intruded
as a stock which has evidently since been split and dissected by
intrusions of quartz monzonite and other rocks.

The gneiss is very coarse-grained, and almost uniformly
shows a lenticular or foliated texture (Pl. XI). The naked eye
readily recognizes feldspar, quartz, and biotite. The lenses,
which range from a fraction of an inch to two inches, or more,
in diameter, are commonly composed of a granular aggregate of
quartz and feldspar. However, a single crystal of feldspar may
be lenticular in outline because of having been pinched at the
extremities. Occasional crystals of feldspar two to three inches
long have escaped crushing. These are distinguishable by their
uniform reflection of light from fresh cleavage faces. A few
crystals are twinned, and the light is reflected to the eye from
only half the crystal-at once. The biotite, which forms but a
small fraction of the rock, is segregated in bands and bunches.

PRINCETON QUARTZ MONZONITE

Name and occurrence—Since there are two types of quartz
monzonite in the region considered, it is necessary to give each,
in this bulletin, a distinctive name for purposes of reference.
The most abundant post-Carboniferous igneous rock in these
districts is the quartz monzonite composing most of the batholith
which is mainly north of the area surveyed. Since this type
makes up the bulk of Mount Princeton, which is north of the
mapped area, it is here called the Princeton quartz monzonite,
while the batholith itself will be designated the Princeton batho-
lith. This quartz monzonite is exposed throughout a large area
north of the mapped region and extends southward into both
the Monarch and Tomichi districts. The typical and reasonably
fresh rock may be seen in the vicinity of Whitepine, on Taylor
and Shavano mountains, and in Jennings Gulch. Several small
stocks of the same quartz monzonite are found in the vicinity of
Taylor Mountain and Cree Camp, while a larger one is exposed
about a mile southwest of Clover Mountain. The Princeton
quartz monzonite was intruded after the quartz diorite and
quartz monzonite gneiss had crystallized, and is probably also
younger than the Pomeroy type of quartz monzonite. The
largest body of quartz monzonite in the Monarch district is dike-
like in form, and is really an apophysis of the Princeton batho-
lith. This dike-like mass seems to have been intruded at the
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A,—QUARTZ MONZONITE GNEISS
1 About one-fourth natural size.

B.—ETNA QUARTZ MONZONITE PORPHYRY

About three-fourths natural size.
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border of the gneiss stock near its southwest extremity, but in
the vicinity of Shavano Mountain it has cut through the gneiss
stock,

Description.—The Princeton quartz monzonite is commonly
light gray both on weathered surfaces and fresh fractures. In
the Tomichi district, however, particularly west and northwest
of Whitepine, fresh fracture faces are commonly a bluish-gray,
owing to the presence of a large proportion of plagioclase of
this color. - z

The grain is medium to coarse and quite uniform except
for an occasional pink feldspar phenocryst with a maximum
diameter of about one inch. Feldspar, quartz, biotite, horn-
blende, and titanite can be seen with the naked eye in almost
every specimen. The feldspar can be distinguished from quartz
by means of the cleavage faces. Twinning striee can sometimes
be seen on the plagioclase cleavage faces, while the simple
Carlsbad twinning, like that in the feldspar crystals of the
gneiss, is found in both orthoclase and plagioclase. In some
places both the orthoclase and plagioclase are white. In others
the orthoclase has a pink tone, while .the plagioclase is white or
bluish. The hornblende can usually be distinguished from the
biotite by means of its duller luster and less perfect cleavage.
The titanite is honey-yellow in color and is in very small, well-
shaped crystals sparingly scattered through the rock.

Throughout the greater part of the Chalk Creek district this
rock, in so far as it has been observed, does not differ greatly
from the quartz monzonite of the Monarch district. However, in
Grizzly and Pomeroy gulches the rock becomes more granitic in
composition near the southeast border of the batholith.

POMEROY QUARTZ MONZONITE

The Pomeroy quartz monzonite, so called in order to distin-
_guish it from the Princeton type, is exposed over a large area in
the northwest part of the Monarch district and adjacent part of
the Chalk Creek district; Pomeroy Mountain is almost entirely
formed of this rock. The same exposure continues to the Tomichi
district, where it is found as a narrow strip on the west slope of
Van Wirt Mountain. A large inclusion of the same rock is found
in the granite in Browns Gulch. It is probable that this detached
mass was separated from the larger body by the granite intrusion.

The rock is pinkish-gray to bluish-gray, and carries a great
number of small, bluish-gray plagioclase crystals which fre-
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quently show twin striations on lustrous cleavage faces. In the
hand specimen may also be seen pinkish to white orthoclase,
chloritized hornblende, a few biotite crystals, and occasional
pyrite grains. With the aid of a strong lens quartz may be seen
intergrown with the orthoclase. Near the east border of the
larger area the rock is finer in texture, decidedly porphyritic, and
carries a larger proportion of quartz. Along the east border also,
wherever this porphyry is exposed on the ridges, as at Pomeroy
Pass, it is - much stained by red and brown oxides of iron.

GRANITE

Definition.—Granite is @ granular igneous rock whose char-
acteristic minerals are alkali feldspar and quartz. These min-
erals are commonly accompanied by soda-lime feldspar, mica or
amphibole, and more rarely by a pyroxene. The name was
formerly used for some rocks that are now classed with the
quartz monzonites and quartz diorites, and it is still so used, at
times, as a field name for these rocks.

Occurrence and description.—The post-Carboniferous granite
forms a stock which extends from the south side of Browns
Gulch northward about two miles to White Mountain, and pos-
sibly farther. A smaller stock is found on the south slope of
Shavano Mountain.

The rock is almost uniformly coarse in texture, and contains
white feldspar with sometimes a pink tinge, quartz, and biotite
which can be readily determined with the naked eye. Feldspar
makes up nearly two-thirds of the rock and quartz nearly one-
third, while biotite is almost negligible in quantity. The granite
is practically white, and may be seen from a long distance. In
water-courses and on gentler slopes fragments of the disinte-
grated granite form a white bed which is almost blinding in the
sunlight.

On White Mountain miarolitic cavities in this granite have
furnished a variety of gem minerals, including aquamarine,
topaz, and phenacite.

ETNA QUARTZ MONZONITE PORPHYRY

Definition and name.—A porphyry is an igneous rock that
contains well-shaped crystals (phenocrysts) of one or more min-
erals in a finer-grained or incompletely ecrystallized matrix
(groundmass). A porphyry which has the mineral composition
of quartz monzonite and whose phenocrysts make up about half
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the rock or more, is called quartz monzonite porphyry. In order
to distinguish the commonest type of quartz monzonite porphyry
of the Monarch and Tomichi districts from the other varieties
present, it is here called Etna quartz monzonite porphyry be-
cause it is abundant on the top and slopes of Mount Etna.

Occurrence—The LEtna type of quartz monzonite porphyry
occurs in two stocks and in a few dikes. The stock which cuts
the quartz latite body described below, extends from the west
slope of Mionumental Mountain to the north slope of Mount Etna.
A smaller stock is found northeast of Tomichi. The longest dike
reaches from the west slope of Clover Mountain to the margin
of Browns Gulch. At the Condor mine this dike is mearly 300
feet wide, but it narrows to fourteen feet about 800 feet north-
east of the mine and widens again to 500 or 600 feet east of
Jennings Gulch. Several smaller dikes are exposed in bhoth the
Monarch and Tomichi districts.

Description.—This porphyry is characterized by the numer-
ous large orthoclase phenocrysts from half an inch to two inches
in length (P1. XI). North of North Fork where erosion is rapid,
these phenocrysts in parts of the dike are bluish, but elsewhere
they are commonly pink to brownish. The pink phenocrysts
remind one of the large orthoclase phenocrysts of the Lincoln
porphyry of Leadville, but the groundmass of the Etna porphyry
has a much coarser grain than that of the Leadville rock. A
few of the orthoclase crystals are twinned according to the
Carlshad law.

Less conspicuous, but still of considerable size, are pheno-
crysts of white to bluish plagioclase, quartz, hornblende, and
biotite. Many of the plagioclase crystals show twinning strie
and some show Carlsbad twins in addition. The hornblende and
biotite phenocrysts are the smallest in the rock. Occasional
small, well-shaped crystals of yellow titanite are found both
among the smallest phenocrysts and inclosed by the large ortho-
clase crystals.

In the hand specimen the aggregate of quartz, plagioclase,
hornblende, and biotite might be considered the groundmass in
which the orthoclase crystals, as phenocrysts, are embedded.
But the microscope shows, in addition, a considerable residue
cementing all the crystals named. This residue, which constitutes
the groundmass proper, is composed essentially of fine-granular
orthoclase and quartz, with small amounts of plagioclase, horn-
blende, and biotite. The microscope also shows that all the
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crystals seen with the naked eye belong to one general period of
development and that the naked eye, therefore, detects no true
groundmass.

This rock is sometimes locally called granite, and in a field
classification neither the name granite nor granlte porphyry
would be inapplicable.

OTHER VARIETIES OF PORPHYRY IN STOCKS

The dike-like stock near the head of Tomichi Creek is com-
posed partly of porphyry very similar to the Etna type, but
mainly of a variety containing smaller phenocrysts and a greater
proportion of groundmass. On the north slope of Contact Hill
and just north of Bonanza Creek are small exposures of a type
which is similar to the Etna type in composition and inter-
mediate between the Etna porphyry and the rhyolite porphyry
in texture.

About @ mile and a half northwest of Shavano Mountain
is a small area which shows two varieties of porphyry. One is
similar in composition to the Princeton quartz monzonite; it
shows small, bluish plagioclase phenocrysts and a few biotite
crystals in a groundmass of orthoclase and quartz. The other
variety is a granite porphyry having a few small phenocrysts of
biotite and acid plagioclase in a microgranitic groundmass com-
posed chiefly of quartz and orthoclase. '

ANDESITE

Definition.—Andesites are dense igneous rocks composed
essentially of soda-lime feldspar and hornblende, biotite, or
pyroxene. A small amount of orthoclase is often present, in
addition to free silica either in the form of quartz or glass. Most
andesites are porphyritic, containing small phenocrysts of plagio-
clase and one or more dark minerals, in a dense groundmass.

Occurrence and description.—In the Monarch district ande-
site is found throughout an area which reaches from Mount Etna
to Browns Gulch and is more than a mile in average width. The
freshest rock is dark ‘gray and has a dense groundmass which
greatly exceeds the phenocrysts in volume. A few small pheno-
crysts of plagioclase and biotite can be seen in the hand specimen.
The microscope shows also the presence of hornblende crystals.
Pyrite grains are not uncommon in joint-planes. The rock is
commonly greenish on account of the presence of much epidote.
Weathered surfaces are frequently red or brown, owing to the
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oxidation of the iron of the dark minerals to hematite or to
limonite. These colors are very conspicuous on Calico Mountain.

QUARTZ LATITE PORPHYRY

Definition.—Quartz latite porphyry is here taken as a dense
porphyry, which has essentially the chemical composition of
quartz monzonite and, in so far as it may be crystallized, the
mineral composition of quartz monzonite. It differs from quartz
monzonite porphyry in-having a denser groundmass and greater
proportion of groundmass. . As a rule, the phenocrysts of quartz
latite porphyry are smaller than those of quartz monzonite
porphyry.

Occurrence and description.—This porphyry is found in
considerable volume on the slopes of Mount Etna and Monu-
mental Mountain and in the vicinity of Chalk Creek Pass. In
addition to the several bodies mapped there is a considerable
body on the southwest slope of Mount Etna, which was cut by
the Macedonian tunnel. The boundaries of this could not be
accurately traced owing to the large amount of slide-rock. It is
very probable that all these detached bodies once formed part
of a single mass which was later dissected by the Etna.porphyry
intrusion.

The rock is bluish-gray and carries numerous small pheno-
crysts of white to bluish plagioclase, a few pink feldspars,
numerous biotite and hornblende phenocrysts, and occasional
small, yellow titanite crystals. The groundmass, which is ap-
proximately equal to phenocrysts in volume, is very dense and
is shown by the microscope to contain a small amount of un-
crystallized material. The character of the groundmass and the
composition of the rock, as determined chemically and micro-
scopically, make the local name ‘“diorite porphyry” inapplicable
to this rock in a strict petrographic classification.

DIKE-ROCKS

In addition to the strong dike of Etna porphyry mentioned,
there are many smaller dikes of porphyry of several interrelated
types and varieties. These dikes are, in part at least, the latest
intrusions of the region, and cut nearly all the older rocks. They
are especially abundant in the Monarch district, near the south
and southeast margins of the Princeton quartz monzonite. In
the sedimentary rocks, some intrusions which cut across the
strata as dikes through most of their course, in places follow
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the bedding as intrusive sheets for considerable distances. Al-
though there are several variations from the types, the dike-rocks
include the following: monzonite porphyry, quartz monzonite
porphyry, latite, latite porphyry, quartz latite porphyry, andesite
porphyry, rhyolite, rhyolite porphyry, and pitchstone porphyry.

MONZONITE PORPHYRY

Monzonite porphyry is composed essentially of orthoclase
and plagioclase, in about equal amounts, and one or more dark
minerals of the mica, amphibole, and pyroxene groups. In
volume the phenocrysts commonly equal or exceed the ground-
mass.

Dikes of monzonite porphyry are most common near the
head of Taylor Gulch and on the slopes of Taylor Mountain. An
unusual variety of this rock, composed almost entirely of small
phenocrysts and a negligible quantity of groundmass, is found
in a dike about a mile southwest of Maysville.

The ordinary type of monzonite porphyry in the region
mapped is bluish-gray and generally carries phenocrysts of
orthoclase, plagioclase,, and hornblende in @ dense groundmass.
The phenocrysts commonly make up about half the rock mass
and are for the most part less than a quarter of an inch in
diameter. A few dikes carry biotite instead of hornblende, while
others carry both biotite and hornblende. Locally, cubes or
grains of pyrite are abundant. Flow-structure is shown in
several dikes by the parallel orientation of the hornblende
crystals. In several places secondary epidote gives a greenish
color to the rock.

QUARTZ MONZONITE PORPHYRY

Narrow dikes of this rock are most common in and near the
quartz monzonite in the Monarch district.

The quartz monzonite porphyry occurring in narrow dikes
differs from the Etna porphyry in having a finer texture gener-
ally, considerable variation in the quantity of quartz, hornblende,
and biotite, and a generally smaller proportion of orthoclase
phenocrysts. In texture and color the rock is similar to the
quartzless monzonite porphyry. Quartz phenocrysts may be
numerous to rare, or even absent. When the quartz of this
porphyry is absent as a phenocryst, it is confined to the ground-
mass, and hand specimens of the rock closely resemble those of
the quartzless monzonite porphyry. Although pink orthoclase
phenocrysts are not so common as in the Etna porphyry, the
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microscope shows a large proportion of orthoclase in the
groundmass.
LATITE
’ Latite, which is the dense equivalent of monzonite or mon-
zonite porphyry, occurs in comparatively few dikes. These are
chiefly on Taylor Mountain and in the general region west of
Boss Lake.

The latite is commonly a light gray to white felsitic rock,
with few or no megascopic phenocrysts. The phenocrysts that
are present are small, and are chiefly feldspar with subordinate
biotite or hornblende. Small cubes of pyrite are locally abundant.

This rock differs from rhyolite chiefly in that it typically
has no quartz and contains orthoclase and plagioclase in ap-
proximately equal amounts. The true mineral composition is
determinable only under a high-power microscope. In the field
a rock of this character is commonly called felsite.

LATITE PORPHYRY

This rock has the same composition as monzonite porphyry
and latite, and in texture is intermediate between them. In the
region surveyed most of the latite porphyry is very similar to
the monzonite porphyry in texture and composition, but has
smaller phenocrysts and more finely crystallized groundmass.

QUARTZ LATITE PORPHYRY

This rock was observed in only two dikes. One of these
crosses the divide northeast of the head of Jennings Gulch; the
other is crossed by the road about half a mile west of the Victor
mine in the Tomichi district. The quartz latite porphyry of
these dikes is practically identical with that near the head of
Middle Fork and needs no further description.

ANDESITE PORPHYRY

Only a few dikes of andesite porphyry are found in the area
mapped. One of the most typical is just east of Boss Lake;
another is on the north slope of Contact Hill in the Tomichi
district. This porphyry is greenish-gray and carries many small
crystals of plagioclase and hornblende, besides a few flakes of
biotite, in a dense groundmass.

RHYOLITE

Rhyolite is a dense igneous rock having approximately the
same chemical composition as a granite and essentially the min-
eral composition of a granite, in so far as it may be crystalline.
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The most typical rhyolite found in the area mapped is on
the east slope of Taylor Mountain. It is white and dense and
closely resembles the felsitic latite in appearance. It differs
from the latite in that its feldspar is dominantly orthoclase, and
also by the presence of quartz, either as small phenocrysts or as
microscopic grains and patches in the groundmass.

RHYOLITE PORPHYRY

Rhyolite porphyry has the same mineral and chemical com-
position as rhyolite, but carries abundant phenocrysts.

Typical rhyolite porphyry occurs in an intrusive sheet east
of the David H. mine and in a dike cut by the Parole tunnel.
This dike can be traced for a considerable distance in and near
the Morning Glim fault. The weathered rhyolite porphyry is
commonly light gray or white and carries, in a felsitic ground-
mass, quartz and feldspar phenocrysts up to three-eighths of an
inch in diameter. Fresher material from the Parole tunnel
shows small biotite phenocrysts in addition to quartz and feld-
spar, and is dark gray in color.

PITCHSTONE PORPHYRY

Pitchstone is natural glass with a resinous luster. It is
formed by the sudden cooling of rock magma which usually has
nearly the chemical composition of granite but contains more
water, 5 to 8 per cent. Pitchstone which carries numerous phen-
ocrysts is called pitchstone porphyry.

Pitchstone porphyry occurs on the border of a rhyolite
porphyry dike in the Morning Star mine and in several short
tunnels near West Point in the Tomichi district. A row of
prospect holes on the northwest slope of Lake Hill has en-
countered a similar dike.

The pitchstone porphyry of the Tomichi district is commonly
green, yet a brown variety was found on at least one dump near
the Morning Star mine. Although the glassy groundmass
greatly exceeds the phenocrysts in volume, small crystals of
feldspar, quartz, and biotite are common.

VOLCANIC BRECCIA

Volcanic breccia owes its formation to explosive volcanic
action; it contains numerous angular fragments cemented by a
matrix which is principally lava or tuff. The fragments are in
part lapilli-and bombs thrown out by explosions, but they are
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also very likely to be in large part formed by the shattering of
the rock which forms the walls of the volcanic vent. Volcanic
breccia is exposed on the top and slopes of Vulcan Mountain.
Small exposures are found on the south shoulder of Central
Mountain and in Fort Scott Gulch. 3

This breceia carries angular fragments of granite, quartzite,
arkose, chert, limestone, baked ‘shale, and quartz monzonite
gneiss, besides material too badly weathered for identification.
The greater number of fragments range from a quarter of an
inch to two inches in size. The matrix, which is generally
greenish-gray, is shown by the microscope to be composed chiefly
of shreds and fragments of glass.

FLOW BRECCIA

The flow-breccia which caps Brittle Silver Mountain, con-
tains numerous small, angular fragments of feldspar and dark
gray-brown porphyry, in addition to a few fragments of quartz,
in a light-gray matrix. Many of the fragments are more or less
lenticular in form and lie with their longest diameters in the
direction in which the magma was flowing when it began to
solidify.

The microscope shows that the matrix is made up chiefly of
glass and is generally stringy or ropy. After. the magma was
extruded the flow evidently continued during at least a part of
the period of rapid solidification.



CHAPTER VI
STRUCTURAL GEOLOGY

Owing to the scarcity of extensive underground workings
and the abundance of talus and drift, the details of geologic
structure of the region have not been worked out as fully as
desirable, but many of these details, as well as important general
features, have been determined. To the explanation of the pre-
Cambrian regional metamorphism in which some of the rocks of
these districts shared, the writer can contribute nothing. The
processes of Paleozoic sedimentation and accompanying crustal
oscillations as recorded by the sedimentary rocks in this region
have already been briefly treated. Aside from the ore deposits,
which will be separately described, the principal remaining factors
to be considered in the structural geology of the region considered
are folding and faulting, jointing, solution, and igneous intrusion,
including contact metamorphism.

FOLDING AND FAULTING

The Paleozoic strata, in their attitude, interrelations, and
relations toward older rocks, furnish the only criteria by means
of which the principal folding and faulting of the region may be
worked out. Since these strata cover only a small part of the
region and have in mauy places been dissected by igneous intru-
sion, many important details of the folding and faulting cannot
be determined with certainty.

FOLDS

An approximately east-west line through Monarch Hill would
cross five synclinal folds within the area mapped. These are,
respectively, on the southeast slope of Lake Hill, on the northwest
slope of Monarch Hill, southeast of Garfield, southwest of Mays-
ville, and southeast of Maysville. The synclinal fold southeast of
Garfield and another near Cree Camp are really minor folds
which merge into the much larger syncline whose south extremity
is on Monarch Hill.
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The west limb of this syncline, a large part of which is
faulted off on Syncline Hill, was probably once continuous with
the eastward-dipping sediments on Clover Mountain and north of
Fort Scott Creek. Between the last two outcrops mentioned are
other outcrops of eastward-dipping limestone overlying the pre-
Cambrian granite. All these, together with the west border of
limestone on Monarch Hill, are nearly in a straight line. The
exposures on Syncline Hill and north of Middle Fork show that
the total thickness of sediments involved in this syncline was so
great that the west border of the west limb must have been nearly
as far west as the top of Clover Mountain if the strata were
nearly vertical. If dipping at an angle of 40° to 60° the west -
limb would extend west of the present divide. In this position
and with an eastward dip the Ordovician limestone is now found.
Further evidence that the strata of Taylor Gulch and those west
of the divide once formed part of a single syncline is furnished
by the large body of limestone and quartzite on the divide, and
by the masses of arkose in the volcanic breccia of Vulecan Moun-
tain. This arkose is evidently the unmetamorphosed equivalent
of part of the Kangaroo formation, or it is a younger deposit
not now elsewlhere seen in the region. ‘

In the Tomichi district most of the sediments dip toward the
east. Significant exceptions are found in the westward dip of
the strata near the head of Noname Creek and of a remnant of
Ordovician limestone on the south shoulder of Central Mountain.
I is probable that these.two widely separated outcrops of west-
ward-dipping strata represent the east limb of a syncline whose
west limb is found partly on Lake Hill, West Point, and Porcu-
pine Ridge, and partly near the northwest corner of the Tomichi
district. A large part of this limb, faulted off, is seen in the
eastward-dipping sediments just west of the northwest portion
of the area mapped, where they are partly in fault contact with
the pre-Cambrian granite and partly in eruptive contact with the
quartz monzonite.

There is no reason to doubt that an anticline once connected
the Tomichi syncline with the Monarch syncline except where
the strata were greatly faulted. A small remnant of the strata
involved in the anticline is found on the divide northeast of the
Liead of Noname Creek. The axis of the anticline perhaps passed
not far east of this remnant and through or near the present
position of Central Mountain.
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The proximity of the outcrops of strata of evidently opposite
limbs of the anticline on Central Mountain and north of Fort
Scott Creek, and the attitude of these strata suggest that in
‘this vicinity the anticlinal folding was much less pronounced
than the folding in many other parts of the region. It is not
improbable that the Monarch and Tomichi synclines, like the
echelon synclines of the Monarch district, merged into one large
told farther north. On the west slope of the Sawatch Range,
near the crest, about ten miles north of Whitepine, is a thick
series of sedimentary rocks dipping eastward, that is, toward
the divide. Whether these beds are cut off by a fault or by an
intrusion has not been determined.

AMOUNT OF TILTING

The strata have been tilted through an angle which ranges
from a few degrees to 90°, and even more in several places. Most
of the sediments of the Tomichi district have a dip between
20° and 50°, being generally higher in the mnorth part than in the
south part of the district.

The beds of the Monarch district show a much greater range
in dip. Near Maysville the dip varies from a few degrees to 65°.
The dip of the southeast limb of the fold on Monarch Hill ranges
from 30° to 45° for the most part. However, in a drift from the
" Madonna No. 6 level, toward the west, along the granite-limestone

contact, the granite wall is vertical for a considerable distance
and in at least one place dips a few degrees from the vertical
toward the south. Again, the same contact at the top of the
stope in the Hawkeye mine has been tilted through an angle of
a little more than 90°. East and north of Garfield the strata
are nearly vertical. In the Lilly mine the granite floor on which
- the sediments were laid down now stands vertical or but slightly
inclined from vertical toward the west. In the Garfield tunnel,
driven northward along the granite-limestone contact from the
creek below Garfield, the dip near the portal is toward the west,
but near the breast the granite forms the hanging wall with an
eastward dip of 73°. Similar overturns are found in Kangaroo
Gulch.

The most notable overturn in the district occurs on Monarch
Hill where it can be well seen in the Hawkeye mine. The Hawk-
eye tunnel was driven several hundred feet to the granite-lime-
stone contact and thence along the contact where the granite
forms the hanging wall with a westward dip of 40° to 60°. In
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the upper part of an upraise from the end of the main tunnel
the granite hanging wall dips westward 25°. A crosscut to the
east limb of the syncline found the granite footwall dipping west-
ward 28°. In the Madonna No. 6 tunnel the quartzi'te of the west
limb of the fold dips 60° N. 53° W. The same quartzite exposed
in a drift from the Monarch Contact tunnel dips westward 50°
to 60°.

It is readily seen that only strong compressive forces could
lave caused the folding which has been noted.

FAULTS

Local faults of small throw are numerous in the mines in all
parts of the sedimentary area in the Monarch district. The
Tomichi district affords few opportunities for underground study,
but it is probable that faulting is as common here as in the
Monarch district. The local faulting was accompanied by move-
ment in many directions, as evidenced by the slickensided sur-
faces.

The larger faults whose position could be accurately deter-
mined are shown on the map in solid lines; those whose exact
position could not be determined are represented by dashes.
Nearly all the larger faults are thrust faults and were in all
probability produced in part by the stresses which caused the
folding. :

Though many of the faults show a comparatively small throw
they are important in that they provided channels for the cir-
culation of mineral solutions; the crushing of the rock, which
accompanied the faulting in many places, furnished open ground
favorable to ore deposition. For these reasons not only will the
proved faults be described in considerable detail in the following
paragraphs, but indications of other faults will be noted in the
hope that they may receive attention from prospectors and min-
ing engineers in the development of the region. Had time per-
mitted more detailed study the field party would probably have
demonstrated the existence of a few faults now only suspected,
but many can be certainly disclosed only by underground work.

LAKE FAULT

This thrust fault, which passes under Boss Lake and trends
southward an undetermined distance from the contact between
the granite and quartz monzonite, shows a greater displacement
than any other fault in the region. The Monarch Contact tunnel,
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driven N. 37° W. from the portal, encountered this fault at 117
feet. In July, 1912, the tunnel had been driven along the fault
477 feet. The course is a few degrees east of north for the greater
part of the distance, but the tunnel bears about N. 5° W. for the
last 175 feet. Where first encountered, the granite hanging wall
dips westward about 80°, but near the breast of the tunnel the
same wall dips westward 56°.

Development work done in this tunnel shows that the fault
is about fifty feet west of the “parting quartzite” near the portal
and 100 feet west of the same quartzite 500 feet north of the
portal. This indicates that the fault has cut out some of the
limestone and crosses the strike of the beds at an acute angle.
It is possible that the limestone between the fault and the quartz-
ite widens for some distance ahead of the breast of the tunnel,
but the fault doubtless cuts off the quartzite somewhere between
the present workings and the saddle on Syncline Hill. According
to field measurements and calculations the Paleozoic sediments
on Syncline Hill are about 4,500 feet thick. Since the thrust has
raised the granite west of the fault nearly to the level of the
youngest sediments on Syncline Hill the throw is at least 4,000
feet. To this estimate may be added the thickness of the gramite
which has been removed by erosion since the removal of all the
sediments west of the fault. The displacement along this fault
is greater than the throw since the fault is not vertical.

South of the Monarch Contact tunnel the fault is concealed
by glacial deposits. It may possibly trend toward the head of
the south branch of South Fork; the approximate straightness
of the valley southward from Monarch in inherently structureless
granite suggests that it may follow the line of a fault. There is
also a possibility, unsupported by convincing evidence, that the
Lake fault is continuous with the Madonna fault. More probably,
however, the Lake fault passes by gradations into the overturned
synclinal fold on the northwest slope of Monarch Hill.

MADONNA FAULT

This is a thrust favlt hading toward the southwest—that is,
with the upthrow on the southwest side. The displacement is
well seen on the top of Monarch Hill, where the granite-limestone
contact is offset about 500 feet. On the No.6 level of the Madonna
mine the offset is about 200 feet — that is, the granite extends
about 200 feet farther northwest on the southwest side of the
fault than it does on the northeast side. The strike of the fault
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on this level is N. 50° W. in and near the granite. The dip is
toward the southwest a few\degrees from vertical. It is reported
that the granite wall 150 feet below the tunnel level is two sets
(about twelve feet) farther southwest than at the level of the
tunnel. The dip here is hence about 85° (hade 5°). On No. 6
level the fault-fissure in the granite is fifteen to twenty inches
wide and filled with mineralized gouge.

On this level the trend of the main fault has not been deter-
mined with certainty where it passes away from the granite info
the sedimentary rocks. The limestone and quartzite are dislo-
cated and crushed in a number of places; relationships indicate
that there has been branching of the fault. The most pronounced
and regular break that has been followed in the development of
the mine strikes-about N. 25° W. If this is the main fault and
if it holds the same strike as it passes northward the Madonna
fault either intersects the Lake fault near the portal of the
Monarch Contact tunnel or is continuous with the Lake fault.
The latter alternative is improbable since the displacement on
No. 6 level is much less than on the top of Monarch Hill and
very much less than that of the fault on Syncline Hill, whereas,
il it were one continuous fault, the displacement on No. 6 level
would probably be greater than that on the top of Monarch Hill.
It the Madonna fault continues northwestward with the same
strike that it has in the granite it should intersect the Lake
tault between the portal of No. 6 tunnel and the South Fork
wagon-road, the point of intersection being dependent on the
position of the Lake fault. Whatever may be the strike of the
Madonna fault there is no reason to doubt that it meets the
Lake fault.

MAYFLOWER FAULT

The i\layﬂower fault has been mapped chiefly from surface
indications; the displacement was seen underground by the writer
only in the Madonna No. 5 tunnel, in the Mayflower prospect
tunnel a short distance above the portal of No: 5 tunnel, and
probably in the Eclipse mine. In the Mayflower tunnel the fault
strikes N. 50° W. and dips 70° southwest. Striations on the foot-
wall pitch northwest about 15° from the vertical. These stria-
tions, of course, record only the latest movement. It is possible,
though perhaps improbable, that the fault is a heave, or horizontal
fault.
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At the top of Monarch Hill the relations are those of a
normal fault, that is, with the downthrow on the hanging-wall
side. The black dolomite of the Quray formation outcrops on
the hillside northeast of the fault below the Mayflower tunnel
but is not exposed southwest of the fault. This points to the
probability that here the fault is an overthrust, though a normal
fault farther southeast. Such relationships are found in rotary
faults.

According to Mr. A. Eilers, who is familiar with the struc-
ture in the higher workings of the Madonna mine, the block
between the Madonna and Mayflower faults has dropped through
a vertical distance of 200 to 250 feet and is badly broken. There
is no regularity in dip and strike and the bedding planes are not
continuous.

OTHER FAULTS OF MONARCH HILL

On the sixth level of the Madonna mine a drift along the
granite-limestone contact encountered a fault at about 250 feet
northeast of the Madonna fault. The granite is thrown north-
west on the southwesi side of the fault, just as it is at the
Madonna fault, but the amount of throw is unknown.

The largest developed ore-shoot of the Hawkeye mine follows
a fault which may be seen in the granite footwall of the stope.
In the present workings the displacement, which is measurable
for only a short distance, does not exceed four feet, with the
upthrow on the southwest side of the fault.

The Silent Friend No. 2 tunnel is driven approximately
S. 70° E. for the first 500 feet. At 385 feet the granite was
encountered in a short crosscut on the south side of the main
tunnel, and but a few feet distant. This is evidently the floor
on which the limestone was deposited; the contact dips about
50° N. 45° W., and shows no evidence of heing a fault contact.
~ The main tunnel follows a break for some distance, and in a few
places granite may be seen either in the roof of the tunnel or
on the south whll. About 300 feet due east of the point at which
the granite was first uncovered a crosscut encountered the
granite-limestone contact dipping about 50° N. 45° W. The evi-
dence is strong that this offset is caused by a nearly vertical
fault striking about N. 50° to 60° W. When allowance is made
for the obliquity of the crosscut with reference to the strike of
the contact, the offset is approximately 250 feet. Produced down-
ward, this plane would nearly coincide with the plane of the
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Hawkeye fault mentioned. When the surface geology was mapped
no considerable displacement of the beds was noted above the
apparent line of faulting in the mine, but a little mineralization
is shown by prospect holes; in this region calcite and limonite
are very common along fault planes.

There is good evidence of a fault near the south extremity
of the syncline on Monarch Hill, but the trend could not be deter-
niined. Near the granite-limestone contact on the west limb of
the same fold there has been much crushing of both granite and
limestone, as seen in-the Silent Friend No. 3 tunnel. Sheets of
granite penetrate the limestone in a manner that suggests igneous
intrusion, except that they have not been seen crosscutting the
limestone.

It is probable that a fault striking northwest, between the
Madonna and Mayflower faults, intersects the former fault at
Zero level of the Madonna mine. The rock in the Stemwinder
prospect tunnel in the steep ravine southeast of Monarch, is
fractured and slickensided, but no decided fault has been observed
here. A short distance north of the Black Tiger mine the rela-
tionships of granite and limestone on the dump from a tunnel
now caved, point to a fault which is indicated on the map, though
not proved.

FAULTS NEAR GARFIELD

Evidently the same strata as those quarried southwest of
(Garfield outerop just north of the railway and west of the Taylor
Gulch road. The beds in the two places mentioned do not have
a greater difference in dip and strike than could be easily ex-
plained by the sharp fold. This great offset in beds with nearly
the same dip and strike can be accounted for only by a fault
having a displacement of several hundred feet. This fault, which
is shown on the map, very probably passes a little west of the
limestone outcrop north of the railway, where talus covers the
bedrock, and through the badly broken limestone a short distance
northeast of the quarry.

The fault shown on the map in dashes northeast of Garfield
is plotted with less confidence than the quarry fault. Since, in
most of its course at the surface, it cuts through shale more or
less talus-covered, the exact position and amount of displacement
cannot be determined at present.

Nearly a mile southeast of Garfield there are several small
faults which cannot be represented on a map of small scale.
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In addition, there is at least one fault of apparently considerable
displacement, whose trend cannot be determined from surface
indications. Much of the area is covered with talus, but a mile
south of the railroad, in a caved prospect on the west limb of
the syncline, the “parting quartzite” is found near the granite
wall. From this point southward for several hundred yards the
quartzite is not exposed while the limestone is exposed. It is
possible that the granite has cut out the quartzite and some lime-
stone by being faulted upward along a north-south line.

FAULTS OF TAYLOR GULCH

Although there is much evidence of faulting near the head
of Taylor Gulch, the faults cannot be worked out from the surface
indications alone, and the present underground workings do not
afford many opportunities for studying the structural features.

In the Denver mine indications of faulting can be seen in
the gouge and crushed rock, but the direction of movement is
not evident. Since very little water flows on the surface in the
gulch, even when the snows are melting most rapidly, it is not
improbable that the gulch may be above a fault which furnishes
a channel for the ground-water. The same conditions are found
in a shallow and straight ravine heading high up on Taylor
Mountain and trending southeast a little south of the Jewell
tunnel. Further evidence of faulting along this line is the min-
eralization on the Last Chance and New York claims.

A fault with a throw of only a few feet can be seen on the
steep north slope southwest of Cree Camp. The limestone is
much broken and mineralized in the vicinity of the Song Bird
mine. Not far east, blocks of granite on the dump of a prospect
tunnel now caved, suggest the presence of granite much farther
west than it would be if it had not been displaced by faulting.

MORNING GLIM FAULT

This name is here applied to the long fault in and near
which are the Morning Glim mine workings. It can be readily
traced from the head of Noname Creek to the contact between
the granite and quartz monzonite northeast of Whitepine. The
throw is equal to the thickness of the Paleozoic sediments of the
Tomichi district plus the thickness of the granite eroded away
northeast of the fault, and hence more than 1,000 feet.

When the Tomichi distriect was being mapped, this fault was
not accessible underground, and consequently the average dip is
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unknown to the writer. There seems to be but little doubt, how-
ever, that the dip is in general toward the northeast and that
the displacement is a thrust through most of its course. The
general relations are conspicuous on the steep east slope west
of the head of Noname Creek, where the outcropping Tomichi
limestone, from the base to the “parting quartzite,” abuts against
the granite (P1. XIII). The immediate break is covered with talus,
but the dip appears to be toward the north at an angle of 60°
to 70°. "The granite, in its upward movement, has dragged the
broken ends of the limestone strata up into a vertical, or even
slightly overturned, position. The thickness of the beds involved
in this drag is at least thirty feet. This folding is good evidence
that the fault dips northward or at least that it does not dip
southward. According to Mr. T. H. Jenks, of the Spar Copper
Company, the dip of this fault in the Spar Copper mine is north-
eastward at an angle of about 60° (hade 30°).

STAR FAULT ,

A second important fault in the Tomichi district, here called
the Star fault because in and near it are the North Star and
Morning Star mines, may be traced from near the head of Spring
Creek toward the northeast for half a mile or more. From sur-
face indications this fault cannot be traced to the Morning Glim
fault, but the displacement about half a mile distant is so great
as to indicate, with strong probability, that it reaches the latter
tault.

The Star fault dips toward the east as can be seen in the
Morning Star and the Victor mines. It is hence a thrust fault
since the upthrow is on the east side. The exact amount of dip
is unknown, but a porphyry dike that follows the fault very
closely, dips 65° eastward 200 feet below the surface in the Morn-
ing Star mine. If the dip be taken as 80° (hade 10°) and the
beds continue downward with the same dip as shown in the out-
crops the displacement is about 2,000 feet. The displacement is
greater if the dip of the fault is the same as that of the dike.

OTHER FAULTS OF THE TOMICHI DISTRICT

The evidence for two parallel eastward-striking faults on
West Point is so good that they are indicated on the map,
although their existence cannot be proved without digging; talus
covers the contact between the granite and Paleozoic strata as
well as all the limestone of the faulted block below what is

(4)
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probably the “parting quartzite.” If the faults do exist, a block
nearly 200 feet wide has dropped down and caused an offset of
about 150 feet. The evidence of these faults is given in the next
paragraph.

A short distance northeast of the highest point in this vicin-
ity is a shallow prospect hole in broken ground, having the
“parting quartzite” on the south and marble on the north. For
nearly 200 feet toward the,north marble outcrops continuously,
but no quartzite can be seen. At about 200 feet north of the
prospect the marble abuts sharply against the broken end of the
“parting quartzite” which can be traced continuously down the
north slope. The fault cannot be traced in the coarse-grained
marble below the quartzite toward the west although the outcrop
is distinct for some distance. In view of the extreme contact
metamorphism that the rocks in this vicinity have undergone, it
does not seem unreasonable to suggest that the fracture may have
been healed in the process of marmorosis. About 150 feet N. 70°
W. of the prospect mentioned, an inclined shaft has been sunk in
quartzite. This is probably the displaced ‘“parting quartzite,”
and was so considered in indicating the faults on the map; but
certain determination by surface indications is impossible, since
the Sawatch quartzite is found a little farther north.

About 250 feet west of the west boundary of the area mapped,
in the line of the geologic section A-A, the Paleozoic strata dip
eastward toward the pre-Cambrian granite from which they are
separated by a fault which strikes north. The throw is greater
than the total thickness of the strata which are apparently about
the equivalent of the strata displaced at the Morning Glim fault.

DIRECTION OF DEFORMING FORCES

It is evident from the character and trend of the folds that
the region was compressed between major east-and-west forces
which threw the sedimentary rocks into a series of synclines and
anticlines. These forces were accompanied by less important
north-and-south stresses which produced the echelon folding in
the Monarch district. Since marine deposits are now found
12,500 feet above sea-level, it is obvious that vertical forces were
also important. This is true whether it be assumed that the range
has been forced upward or that the country on both sides of the
range and, in a greater degree, the sea-hottom, have settled.
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The faults were very probably produced, or at least initiated,
by the same forces that effected the folding, being developed along
planes in which the rocks were strained to the extent of rupture.
The high dip of the fault-planes indicates that, in the faulting,
differential vertical forces were predominant, while horizontal
forces were subordinate. The strike of the faults indicates that
the directions in which the opposing horizontal forces acted were
in general east-northeast and west-southwest, respectively.

The Lake fault and Morning Glim fault have been described
in previous pages as dipping toward each other, and are so repre-
sented in section C-C of Plate III. The block, therefore, between
the two faults named, narrows downward, and certainly has been
raised with reference to the blocks on the east and west sides.
The elevation of a downward-narrowing fault-block is unusual.
Such a block is commonly expected to settle because of the small
base in proportion to the weight of the block, while downward-
widening blocks are commonly forced upward. In most regions
that have been described, downward-narrowing blocks have sunk.
It seems reasonable to believe that differential vertical forces that
left marine deposits more than two miles above sea-level could have
caused a relative upward movement, even for several thousand
feet, of a downward-narrowing block while the range was squeezed

laterally.
AGE OF FOLDING AND FAULTING

From the structural relations it is evident that the folds and
faults are but different expressions of the work done by the
orogenic forces which produced that part of the Sawatch Range
in the area considered. Faulting probably continued after folding
had ceased and possibly to a slight extent after the batholithic
intrusion. Whether the folding and faulting were completed in
a single period of crustal disturbance or whether they resulted
from several of the various post-Paleozoic movements that have
been recorded in the rocks of the Rocky Mountains, is indetermin- -
able from observed facts.

There was no pronounced folding within the mapped area,
after Tomichi sedimentation began, until after the deposition of
all the Paleozoic sediments now seen in the region. This is evi-
denced by the absence of pronounced angular unconformities.
Even if there was any considerable elevation without folding
between Ordovician and late Paleozoic times, the region was
depressed below water-level during the time of deposition of the
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youngest consolidated sediments now represented. There is no
reason to believe that any part of the general area was greatly
elevated prior to the deposition of the Kangaroo formation. The
older sediments are mainly off-shore deposits which indicate a
considerable removal from land while they were being deposited.
Except where they have evidently been removed by erosion the
Ordovician and, in some places, later sediments extend from near
Poncha Springs about fifteen miles east of Monarch Pass, to the
west end of Fossil Ridge about twenty miles west of the Conti-
nental Divide. The granite boulders in the Kangaroo formation
indicate either proximity to a pre-Cambrian land area or very
strong currents. It is not improbable that an adjacent land mass
was elevated before the Kangaroo formation was deposited.

Arkose, unlike any local formation older than the Kangaroo,
found on the Continental Divide south of Vulcan Mountain, indi-
cates that the present divide at this point was under water while
at least part of the Kangaroo beds was being deposited, if not
later. Evidence that the submerged portion of the divide was at
least several miles long is found about a mile and a half north
of Monarch Pass in the limestone and quartzite which remain
on the divide, notwithstanding the favorable position for rapid
erosion on account of superior elevation and anticlinal structure.
The divide has doubtless been exposed to erosion as long as has
the ridge west of the Lake fault, from which at least 4,000 feet of
sediments and an undetermined amount of granite have been
eroded. Figure 3 is a graphic attempt to illustrate conditions
at the close of the orogenic disturbance, had it been rapidly com-
pleted without allowing time for erosion. The movements very
probably extended over a long period of time, and hence erosion
may have prevented the represented beds from reaching the height
indicated. On the other hand, only the beds now actually repre-
sented in the region are considered in the diagram and no account
is taken of possible younger deposits. It is probable that the
original divide was either at the crest of the anticline in which
the valley heading east of Central Mountain has been cut, or was

much farther east, passing through or near Missouri Hill. (See
fig. 3.)
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THE SAWATCH ISLAND

The late S. F. Emmons,” in his monumental work on the
Leadville district and in a later paper, gave the name Sawatch
Island to the supposed land area which he believed had occupied
the position of the present Sawatch Range during the Paleozoic
and Mesozoic eras, and the name has since been used by geologists
working in central Colorado. Emmons defined the Sawatch
Island as an elliptical area whose outlines were approximately
those of the Archean area of the Sawatch Range as represented
on the Hayden map and ;whose length was about seventy-five
miles and maximum breadth about twenty miles.

This tract includes the Monarch and Tomichi districts, where
both early and late Paleozoic sediments are found on and near
the crest of the range. In addition to the sedimentary areas
shown on the accompanying map, there are several other areas
of sedimentary rocks west of the divide as far north as Tincup,
which is about fifteen miles north of Whitepine. The beds near
Tincup, according to Hill,> dip 20° to 70° eastward, toward the
older rocks against which they are faulted. The east limb of the
syncline whose west limb is represented by these beds was evi-
dently east of the crest of the range. It may have been absorbed
by the Princeton batholith. There is another area of eastward-
dipping sediments high on the west slope of the Sawatch Range,
if not at the crest, not far south of Tincup Pass. Since these
beds were seen only from a distance, it is not known whether
they are cut off, on the east, by a fault or by the batholith.,

The Hayden map, from which Emmons evidently drew largely
in forming his opinion of the Sawatch Island, shows neither the
sediments mentioned nor the Princeton batholith. It is possible
that a detailed study of the range toward the north will show
other occurrences of Paleozoic and post-Paleozoic rocks. The
reasons which Emmons® advanced for the antiquity of the Front
Range—namely, the overlaps, or the variable occurrence from
place to place of beds of widely different age resting on the pre
Cambrian rocks—do not hold for the Sawatch Range. According
to the Hayden map the Sawatch Range is fringed by early Pale-

1Emmons, S. F., Geology and mining industry of Leadville, Colorado: Mon.
U. S. Geol. Survey, vol. 12, 1886; Orographic movements in the Rocky Mountains:
Bull. Geol. Society of America, vol. 1, 1890, pp. 245-286.

2Hill, J. M., Notes on the economic geology of southeastern Gunnison
County, Colorado: Bull. U. 8. Geol. Survey No. 380, 1908, pp. 21-47.

3Mon. 12, U. S. Geol. Survey, p. 20.
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ozoic beds. Hayden® believed that “at some period comparatively
modern, 10,000 or 15,000 feet of sedimentary beds extended unin-
terruptedly from the South Park across the interval now occupied
by the Sawatch Range.”

Whatever may be the age of other parts of the Sawatch
Range, the evidence is strong that a section from Monarch Pass
northward about twenty miles was not elevated above sea-level
until late Paleozoic or post-Paleozoic time.

JOINTING

In general, there is very little regularity in the jointing of
the rocks in the area surveyed. However, the quartz latite por-
phyry, near the north border of the chonolith, shows pronounced
columnar jointing. These columns, which are conspicuous at
Chalk Creek Pass, stand nearly vertical.

More or less regularity of jointing can be seen locally in
almost any of the other varieties of rock, but the regularity covers
only a small area. The joint-blocks of nearly all the rocks are
small, though in some parts of the Princeton quartz monzonite
the blocks are of large dimensions, up to fifteen or twenty feet
ACTOsS.

CAVES AND UNDERGROUND CHANNELS

The formation of caves and development of subterranean
drainage are genetically connected with jointing, folding, and
faulting which formed fractures and thus facilitated the circu-
lation of ground waters. Limestone is taken into solution and
removed by these waters with comparative ease. The caves thus
formed are small in this district. The largest noted was cut in
the Shamrock mine at the limestone-granite contact and is about
six or eight feet wide; the bottom is about fifty feet below the
tunnel level; above the tunnel level the cave has not been explored,
but the strong air current suggests a vent to the surface about
200 feet above. ,Another, perhaps somewhat smaller, was found
in the same mine. Others may be seen at the creek-level in Gar-
field.

Just below the stone quarry west of Garfield a large stream
issues from beneath the limestone south of the creek. This may
or may not have direct connection with the creek higher up. A
short distance south of Garfield a stream emerges from bheneath a

® 1Hayden, F. V., Ann. report of the U. S. Geol. and Geog. Survey of the

Territories, 1876, p. 48.
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mass 'of granite talus, and doubtless has flowed some distance
through the limestone. At Monarch a short branch of the creek
has its visible source in an excellent spring which furnishes the
village with water for domestic use, and could adequately supply
a town many times larger. A somewhat smaller stream issues
from the limestone half a mile east of Garfield. This is probably
the exit of the underground channel which drains the bench-like
area three-fourths of a mile south of the spring. This area is
nearly flat for a_considerable extent, as may be seen from the
topographic maps. Morainal material forms a barrier along the
north side, except at the northeast corner, where there is a small
ravine — presumably an outlet for storm waters only. During
the field season no water was running through this outlet
although there was an abundance of melting snow above. Another
large spring is found in the granite in the valley between Lost
Mountain and Missouri Hill. Spring Creek, in the Tomichi dis-
trict, has its source in a large spring in or near the Morning Glim
fault. '

Underground streams, perhaps in fault-planes, are indicated
in the upper part of Taylor Gulch and below a depression heading
toward Taylor Mountain, where there is little or no surface drain-
age during the season of melting snow.

IGNEOUS INTRUSION
FORMS OF INTRUSIVE BODIES

Classified according to form, the post-Carboniferous intrusive
bodies, wholly or partly within the area mapped, are: (1) a
batholith, (2) stocks, (3) chonoliths, and (4) dikes and intrusive
sheets. y j

Although there are all gradations in size from a small stock
to a large batholith, the contrast in size between the body here
called a batholith and those called stocks is so great that few,
if any, geologists would be likely to object to the classification
used. In order to give definiteness to the terms “stock” and
“batholith,” Daly* proposes that “a body of the kind exposed in
an area of less than 200 square kilometers is a stock; a similar
body with a larger area is, accordingly, a batholith.” In the
region under consideration the bodies of this class are exposed
over areas which are either much less or much greater than the
maximum area proposed for a stock. -

1Daly, R. A., The classification of igneous intrusive bodies: Jour. of Geologgr,
vol. 13, 1905, pp. 485-508.
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THE PRINCETON BATHOLITH

The Princeton batholith is really composite near its south
border, being composed of stocks, chonoliths, and dikes, which all
form one connected mass with the main batholithic intrusion of
the Princeton quartz monzonite. These intrusions differ greatly
in form as well as content and there are, moreover, stocks and
dikes outside of the main batholith. Hence the units will be
treated separately, and in this section only the features of the
largest intrusion will be noted.

The northern limits of this quartz monzonite batholith, which
lies mostly north of the area mapped, are not known. It probably
extends to the southeast slope of Mount Yale about fourteen miles
north of Shavano Mountain. Its east border is covered by sur-
ficial deposits at the foot of the east slope of Mount Princeton
nine miles north of Shavano Mountain. It is exposed
continuously from the east slope of Mount Princeton to Tincup
Pass on the Continental Divide, about fifteen miles west. Nearly
all the Chalk Creek mining district lies within the area through
which the batholith is exposed.

One large dike-like apophysis extends southwest into the
Monarch district nearly to Boss Lake, while the Tomichi and
Quartz Creek districts include a considerable part of the
batholith within their boundaries. In areal extent the quartz
monzonite which forms this batholith is the most important post-
Carboniferous rock in at least four mining districts. It is exposed
throughout an area of probably at least 200 square miles.

In the mapped area the walls of this batholith are, in most
places, in so far as they can be observed, vertical or inclined at
a high angle from the horizontal. The dike-like apophysis in the
Monarch district shows evidence of widening downward. In the
Condor shaft and tunnel in Hunkydory Gulch the dip of the
northwest contact of the quartz monzonite is 70° to 75° north-
westward. This is about 1,500 feet lower than the exposure of the
same contact between Taylor and Etna mountains, and is prob-
ably much farther below the original upper surface of the batho-
lith. On the other hand, the contact between the quartz monzonite
and gneiss on the steep slope on the south side of Browns Gulch
dips northeastward—that is, away from the gneiss—at an angle
of about 85°. It holds this dip quite uniformly, as far as it can
be seen, over 1,000 feet vertically. Near Cree Camp and Taylor
Mountain the contact at the surface is nearly vertical or perhaps
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dips slightly away from the older rocks. However, the presence
of three small quartz monzonite stocks in this vicinity suggests
that the main body of quartz monzonite extends a considerable
distance toward the southeast under the sedimentary rocks and
granite. Further, several nearly vertical granite dikes in the
sedimentary strata on the southeast slope of Taylor Mountain are
identical in composition with known granite apophyses from the
quartz monzonite near Boss Lake, and very probably extend down-
ward to the southeastward-dipping surface of quartz monzonite.
The supposition of a southeast-dipping surface of the quartz mon-
zonite under the sediments is strengthened by the wide contact-
metamorphic zone southeast of the main stock, wollastonite
having developed in marble and tremolite in limestone nearly
two miles away from the surface exposure of the main stock.
In the Tomichi district the quartz monzonite batholith appears
to ‘have approximately vertical walls, except on Porcupine
Ridge, where it is inferred from the relationships of rock on the
dumps of caved prospects that quartzite overlies the quartz monzo-
nite. But this is probably a remnant of the roof of the batholith
that has not been eroded away, rather than the wall rock. From
the facts stated it will be seen that, in so far as has been observed,
the Princeton batholith does not, in general, materially widen or
narrow with inereasing depth.

STOCKS

The granite, quartz monzonite gneiss, quartz diorite, Pomeroy
quartz monzonite, and part of the Princeton quartz monzonite
and quartz monzonite porphyry occur in stocks.

From the geologic map it will be seen that the stocks show
a considerable variety of outline, in plan. The walls, in so far
as they can be observed, are vertical or nearly vertical. '

The stock of quartz monzonite gneiss, which extends north-
east from Mount Etna, probably retains but little of its original
outline, having been cut by several later intrusions. In Hunky-
dory Gulch, where it is separated from the Princeton quartz mon-
zonite by a wide dike of porphyry, the contact probably has nearly
the same dip as the wall of the quartz monzonite body, that is,
70° to 75° northwestward, and hence the stock of gneiss grows
somewhat narrower with increasing depth. As before stated, the
northeast wall of this stock dips northeast about 85°, that is,
away from the gneiss. The contact between the gneiss and ande-
site is nearly vertical, but this is probably not the original wall
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of the gneiss. The contact of the stock of quartz monzonite gneiss
on the east slope of Shavano Mountain is poorly exposed, but,
as nearly as can be determined, the northwest and southeast sides
of the stock hold a fairly uniform course across ridges and gulches.
indicating nearly vertical walls.

The quartz monzonite porphyry stock of Middle Fork widens
slightly with increasing depth, where the dip of contact with the
surrounding rocks can be observed. West of Camp Summit this

*contact dips toward the older rocks at an angle of 85°.

At the south and southeast margin of the Pomeroy quartz
monzonite the contact dips under younger intrusive rocks at an
angle of 25° to 45°, which is probably the dip of the original upper
surface of the quartz monzonite.

BExcepting the instances mentioned, there is no observed evi-
dence of undoubted stocks in the area mapped having inclined
walls.

CHONOLITHS

Daly* has proposed this name for “an igneous body injected
into dislocated rock of any kind, stratified or not; of shape and
relations irregular in the sense that they are not those of a true
dike, vein, sheet, laccolith, bysmalith, or neck; and composed of
magma either passively squeezed into a subterranean orogenic
chamber or actively forcing apart the country rocks.” In the
Monarch district there is what might be called a composite chono-
lith, made up mainly of two chonoliths intruded at different times
and composed of different kinds of rock.

Andesite chonolith.—The larger, and probably the older,
chonolith is composed of andesite and is in the northwest part
of the Monarch district. It has an average width at the surface
of more than a mile and a length of a little more than four miles.
On the northwest side the lower surface dips southeastward 40°
to 45°. This high inclination from the vertical results in a bend-
ing of the surface boundary toward the southeast where the
andesite and underlying Pomeroy quartz monzonite have been
cut away by erosion in the gulches, as seen on the geologic map.
The southeast wall of the chonolith is nearly vertical, and hence
the andesite mass narrows downward. A cross-section of this
body, based on field observations and data taken from the map,
is shown in EE on Plate III. The section as constructed cannot

1Jour. of Geology, vol. 13, 1905, p. 499.
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be far from correct to a depth of at least 1,500 feet. Below that
level the diagram is hypothetical.

The microcrystalline character of the groundmass of the
andesite suggests that the magma cooled fairly rapidly at the
surface or under a comparatively thin cover. If it had reached
the surface as an extrusive rock, the walls of the channel through
which it would pass would probably have become sufficiently
heated to prevent rapid cooling of the mass remaining in the
channel. The slower cooling would hence result in a probably
higher degree of granularity than the rock shows. To conclude
that the andesite now exposed represents a thick flow it would
be necessary to suppose that it was extruded into a trough one
of whose walls was vertical and at least 1,500 feet high, making
no allowance for subsequent erosion. Although no trace of the
former cover remains on the highest exposures of andesite, rem-
nants of what may have been the roof of the chonolith are to be
seen in the large masses of Paleozoic sediments high up on the
south slope of Calico Mountain.

Quartz latite porphyry chonolith—A second large body
which appears to have been injected, is seen in the quartz latite
porphyry of Middle Fork. The east and south boundaries of
the original mass have been disturbed by later intrusions and
eruptions to such an extent as to prevent the determination of
the original shape of the body on the sides named. But on the
north .and northwest the latite porphyry mass overlies the older
rock with a gently dipping contact. On the steep north slope,
about half a mile east of Chalk Creek Pass, the dip of this contact
is about 25°. Plate XIII shows the contact between the quartz
monzonite porphyry and overlying rock just south of Pomeroy
Pass. Almost an exact counterpart of this is shown on the south-
west slope of Chapman Mountain a mile west of Pomeroy Pass.
At Pomeroy Pass the quartz latite porphyry is separated from
the Pomeroy quartz monzonite by about 200 feet of dacitic por-
phyry, which was evidently intruded in dike-like form between
the quartz monzonite and overlying rock prior to the intrusion
of the quartz latite porphyry.

The reasons for inferring that the quartz latite porphyry is
an intrusive rather than an extrusive rock are similar to those
mentioned in connection with the andesite. The -incomplete
crystallization of the groundmass indicates comparatively rapid
cooling, while the relation of this rock to the surrounding rocks

RSP 4]
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practically precludes its being a thick flow. In this case the con-
tact with the older rocks, which is well exposed near Pomeroy
Pass, shows no evidence of an extrusion over a surface of erosion.

DIKES AND SHEETS

In the chapter on petrography mention is made of the various
rocks which occur in dikes most of which are less than fifty feet
wide. Special mention need be made here of only one dike—that
which extends from Browns Gulch to the west slope of Clover
Mountain, a distance of eight and a half miles. In the vicinity
of Middle Fork and Monumental Mountain the dike widens to
form a large stock; or the extensions of the dike toward the
northeast and the southwest of the stock of Middle Fork might
be considered great apophyses from the stock. There is little, if
any, doubt that the stock and dike were formed at the same time
and by the same magma. This dike varies in width from several
hundred feet east of Jennings Gulch to fourteen feet south of
Shavano on North Fork.

Intrusive sheets—that is, masses of dike-like form intruded
parallel to the bedding of stratified rocks—are relatively unim-
portant in the area mapped. They are found, however, in both
districts surveyed, and are generally formed of porphyry. They
are commonly continuous with dikes—that is, extensions of
dikes—which may cut the strata at any angle.

RELATION OF INTRUSIONS TO PREVIOUS STRUCTURE

It is not improbable that the intrusion of such large masses
may have had some influence on the previously existing structure
of the region, but no important effects of intrusion other than
contact metamorphism have been observed in the older rocks.
Not even an appreciable gneissoid or schistose structure has been
developed in the older rocks near the intrusions, and no local
folding has been seen. Eruptive contacts are found cutting at
almost any angle beds, folds, and faults, as well as planes of
schistosity. The observed phenomena, therefore, indicate that
the intrusion was effected after the crustal deformation; the
~ latter may have been an important contributing cause of the
intrusion.

Obviously the study of a small area boraering a large bath-

olith does not justify any conclusion as to the relation of the
batholith and its satellites to the broader pre-intrusion structure.
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Only after the entire region invaded by the batholith has been
studied and the general facts of crustal folding determined, can
a discussion of the subject have any considerable value. In any
event, such a discussion must necessarily be more or less specu-
lative.

CONTACT METAMORPHISM

The endomorphic contact metamorphism of the intrusive
bodies of this region was unimportant. In a few cases a finer
grain or greater acidity than the average of the intrusion may
be seen near the margin. The exomorphic contact-metamor-
phic effects on intruded igneous rocks are relatively unimport-
ant. These appear to be local and confined to a narrow strin
near the intrusive body. They include a directional structure
caused by shearing, an insignificant crushing and grinding, and
mineralization of the intruded rocks.

On the other hand, every variety of the Paleozoic sediments
of both districts surveyed has undergone pronounced metamor-
phism. This was doubtless effected mainly by the intrusion
of the Princeton quartz monzonite, but there are evidences that
other intrusions—even, the dikes—played a part locally. The
contact-metamorphic zone in the sedimentary rocks will aver-
age more than a mile in width from the border of the exposed
quartz monzonite, and there has locally been slight develop-
ment of con’cact-metamorphie minerals at least two miles from
the outcrop of the intrusive rock. It is probable, however, that
in some places the quartz monzonite extends under the sedi-
ments and is less remote vertically from the sedimentary out-
crops than it is horizontally.

The extreme metamorphism of the sediments west of the
Star fault in contrast with only incipient metamorphism of the
same strata east of that fault virtually proves that the pro-
nounced faulting was consummated prior to the intrusion of the
quartz monzonite. Had faulting succeeded the intrusion and
attendant contact metamorphism an equal degree of alteration
might be expected in the same strata on both sides of the fault.

Given a few weeks in the Monarch and Tomichi districts
for the field study of contact metamorphism and sufficient op-
portunity later for microscopic and chemical analyses, one could
doubtless collect evidence that would contribute a little toward
the solution of contact-metamorphic problems. In the course
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of the present survey no time was available for the special
study of the subject, and the only information at hand is that
which was gained incidentally during the areal mapping and
by a subsequent examination of the specimens collected. Con-
sequently this section will be chiefly/ descriptive.

MARBLE

Marble occurs in both the Monarch and Tomichi districts in
great masses, and is perhaps the commonest contact-metamor-
phic rock in the region. Large exposures are found on Missouri
Hill, in Taylor Gulch, about a quarter of a mile west of Mon-
arch, on Lake Hill, West Point, Porcupine Ridge, and Mount
Stella, and near the northwest corner of the Tomichi district.

The texture ranges from very coarse to fine-granular. Al-
though the purer marble is commonly white, a blue variety
is not rare. Good examples of medium-grained, blue marble
may be seen in the quarries at Garfield and in the Jewell tun-
nel. On the divide near the head of Taylor Gulch a coarse blue
marble contains grains up to half an inch in diameter. In the
last named locality the coarest white marble is also found.

-The microscope shows the purest marble to be composed
entirely of calcite or dolomite grains, practically all of which
are polysynthetically twinned. But in many places, silicates
have been developed in the marble in the process of metamor-
phism; less commonly, graphite has been formed. Varieties
containing the minerals named will be briefly described in the
following paragraphs.

Wollastonitic marble.—Although in the main the marble
of the Garfield quarry is composed of nearly pure calcite, there
are occasional bunches of white wollastonite having a maxi-
mum diameter of about one inch. The wollastonite contains
sufficient intermixed calcite to cause effervescence in acid. The
Lardness of the wollastonite is about 3, owing probably to alter-
ation and the presence of considerable calcite. The mineral
has a radiating structure and good cleavage. In thin section
it is seen to be fibrous.

Graphitic marble—Black marble which closely resembles
carbonaceous shale in appearance, is found in a few places in
the Monarch district. It is possible, also, that many beds which
were considered to be shale when observed in the field may
contain a high content of lime. The black marble is fine to
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medium in texture. A thin section of very fine-grained black
marble from the south slope of Syncline Hill contains about
80 to 90 per cent of calcite, in small untwinned grains. Fine
grains of graphite and magnetite are inclosed by the calcite and
are abundant in the interstices among the calcite grains. A
thin section of a medium-grained black marble from north of
Boss Lake contains about 90 to 95 per cent of calecite. The
remainder is chiefly graphite and magnetite. In this specimen
a small proportion of the calcite grains are twinned.

Olivinitic marble—The marble inclusion in the quartz
monzonite on Mount Stella varies considerably in composition.
A specimen taken from near the northwest corner contains
numerous dark spots, and somewhat resembles a fine-grained
diorite in appearance. The microscope discloses magnetite pow-
der, a colorless, isotropic mineral, grains of olivine, and much
calcite. The colorless, isotropic mineral is in minute grains
with a high index of refraction and a border of magnetite pow-
der. It is probably a garnet. The olivine is abundant in small
crystals with rude outline. Many individuals examined in con-
vergent light are optically negative, indicating a considerable
percentage of iron. The olivine shows the ordinary serpen-
tinization. Not far from the olivinitic marble is much massive
serpentine in veins and patches one to two inches thick inclosed
by coarse calcite. This serpentine is probably derived from the
olivine

A specimen of white marble with a few grains of olivine
and no garnet was taken from a prospect on the northwest
slope of Vulcan Mountain. A specimen from a prospect tunnel
near the Morning Star mine is a fine-grained, bluish gray mar-
ble speckled with small dark green crystals and a few pyrite
grains. In thin section the rock is seen to be made up in large
part of small calcite grains, of which comparatively few are
twinned. Very little pyrite is present. A mineral of the olivine
group in fairly well shaped crystals forms perhaps 10 per cent
of the rock.

Diopsidic marble.—On Missouri Hill the white marble derived
{rom the Ordovicion limestone contains many nodules and seams
which replace chert nodules and seams of the original sedi-
ments. The white cores of the nodules and main part of the
seams are composed of microgranular diopside. The green
borders are of serpentine—mainly massive, in small part fib-
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rous—derived from the diopside. In thin section the diopside
ig seen to be mostly in very fine grains with a few aggregates
of coarser grains. Most cross-sections of the diopside show
clinopinacoidal cleavage. A few individuals have prismatic
cleavage in addition. A few small grains of diopside are found
in the surrounding marble which is composed mainly of twinned
calcite grains. The diopside is clearly a replacement of the
original chert of the limestone. Apparently under the influence
of the metamorphic agencies originating in the intrusion of
quartz monzonite, the calcium-magnesium carbonate of the lime-
stone reacted with the silica of the chert, which process re-
sulted in the formation of diopside.

Near a dike in Cree Camp the marble carries more coarsely
crystallized diopside associated with asbestos. The silicates
here are in bunches of radiating prisms and fibers which do not
preserve any original structure of the sediments.

Oplicalcite.—In the paragraph on diopsidic marble men-
tion was made of the common serpentinization of the diopside.
A variety of serpentinous marble different from that described
was found in Taylor Gulch, in the Jewell tunnel. This is a
dark greenish-gray, dense rock having numerous dark-colored,
phenocryst-like forms two to four millimeters long. The micro-
scope shows these forms to be serpentine. The bulk of the
rock is made up chiefly of minute, untwinned grains of calcite.
It is probable that both serpentine and calcite were derived
from a lime-magnesia silicate and hence formed subsequently
to the contact metamorphism of the original sediments.

DIOPSIDE

In addition to its being a minor constituent of marble and
of the matrix of some quartzite, diopside locally occurs in masses
several feet thick and many yards long. A few hundred feet
west of the Victor mine a prospect discloses one of these bodies
which replaces a stratum of the original sediments at least six
feet thick. Smaller patches of the same mineral are found in
the limestone a few feet east. On the north slope of West
Point, blocks on the dumps of prospects at the base of the
Tomichi limestone show that a mass of diopside several feet
thick exists here.

The diopside is massive and, on fresh surfaces, is pale
greenish-gray. Much of it is free from any admixture of other
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minerals. Calcite may occur in small patches and also in very
thin seams which fill fracture planes. In thin section the diop-
side is seen to be micro-granular; a few grains show prismatic
cleavage. Most of the diopside is practically unaltered, but a .
slight degree of serpentinization has taken place along the
border of individual grains. Serpentine, in bands up to two
inches thick, occurs near one border of the mass west of the
Victor mine. The diopside here is slightly brecciated, and in
openings are seen many tufts of small acicular crystals of arago-
nite, associated with serpentine. Evidently both aragonite and
serpentine were derived through the alteration of diopside. A
specimen of galena in contact with diopside was found on the
dump. :

On the north slope of West Point much of the diopside is
associated with an equal quantity of a colorless to pale green
micaceous mineral with hexagonal outline. The crystals of the
micaceous mineral are mostly less than two millimeters in diam-
eter, and commonly inclose minute grains of diopside. In thin
section ‘the mica is colorless and does not sensibly absorb light
vibrating in any plane. It gives a perfect uniaxial interference:
figure and is optically negative. As determined by comparison
with diopside the birefringence reaches at least .04. Blowpipe
and' chemical tests show that the mica is phlogopite.

GARNET (ANDRADITE AND ALMANDITE)

Garnet is very common near the head of Taylor Gulch and
at Cree Camp in the contact-metamorphic zone. It ranges from
a minor constituent in the lime-silicate metamorphic rocks to
practically pure garnet rock. In texture it varies from massive
to coarse-granular, forming crystals nearly an inch in diameter.
The color is commonly gray-green, yellow-green, or brown. In
a few exposures the weathered surface is black, owmg probably
to a coating of maganese dioxide.

Fine-granular, massive, gray-green to black garnet replaces
sediments through a thickness of about 35 feet, on the east
shoulder of Taylor Mountain, just above the Ouray limestone.
West of this, for many yards, narrow bands of garnet, in part
coarsely crystallized, alternate with beds of quartzite and baked
shale. Fine-granular garnet is also found in considerable quan-
tity near the base of the Ordovician limestone along the trail
which goes down into Cree Camp from the divide at the head
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of Taylor Gulch. Smaller quantities occur in the marble near
Cree Camp, along the granite-limestone contact on the south
west slope of Missouri Hill, and on the west side of Taylor
Gulch near the quartz monzonite. In the New York mine gar-
net was found associated with zinc blende and diopside. The
best ore of the Clinton mine is said to have been associated
with garnet.

Outside of the localities mentioned not much garnet was
observed. However, not far east of the highest workings of
the Columbus mine, in Columbus Gulch, coarsely crystallized
garnet may be seen on a prospect dump. Part of the marble
on Mount Stella carries an isotropic mineral which is probably
garnet. Near the northwest corner of the Tomichi district, a
loose block of hornfels coated on one face with numerous small
red garnet crystals, was found.

Many specimens from Taylor Gulch and Cree Camp were
iested qualitatively and found to be andradite, 3Ca0.Fe,0,.38i0..
A small quantity of aluminum commonly replaces part of the
iron. The red garnet from the Tomichi district is shown by
chemical tests to be almandite, 3Fe0.Al,0,.3810,. Rhombic
dodecahedrons are present on all the well developed crystals
observed. Many andradite crystals show a combination of the
dodecahedron and trapezohedron.

Thin sections of andradite show two types of anomalous
double refraction. In the first the entire crystal is doubly re-
fracting, in four, five, or six sectors (Pl. XIV, A4). The second
type contains alternating isotropic and anisotropic zones (Pl
XIV, B). The core of a few crystals is anisotropic while the
outer part is in zones. The core of other crystals is isotropic,
while the outer part is zoned.

Epidote and calcite, in small amount, are commonly asso-
ciated with the garnet. Quartz as an associate is perhaps less
common.

EPIDOTE ROCK

Epidote, resulting from the metamorphism of calcareous
sediments, is one of the commonest contact metamorphic min-
erals in the region mapped. In only a few places, however, does
it form the bulk of the rock. Rock having a high epidote con-
tent occurs in considerable quantity on the west slope of Mis-
souri Hill in the sedimentary area not far from the quartz



116 MONARCH AND TOMICHI DISTRICTS

monzonite. Large bodies of similar rock are inclosed by the
quartz monzonite on the northeast shoulder of Taylor Moun-
tain. These evidently represent masses of the sediments picked
up by the monzonite and completely altered.

Probably 80 to 90 per cent of the rock mass is composed of
yellowish-green epidote. Freshly broken pieces show small cav-
ities into which numerous crystals of epidote project. Chemical
tests show the presence of considerable manganese in the epi-
dote. In thin sections a small quantity of chlorite and some
quartz are seen in addition to the epidote which is strongly
pleochroic in yellow and green tones. The epidote is auto-
morphic toward the quartz which poikilitically incloses many
small epidote erystals.

ANTHOPHYLLITE-EPIDOTE ROCK

This rock is found west of the small quartz monzonite stock
west of Cree Camp. It is very tough and on fresh fractures is
olive green. Weathered surfaces have a black, sooty coating of
manganese dioxide derived probably through the weathering
of epidote. In addition to the small grains of yellowish-green
epidote, a few grains of quartz and many cleavage faces of a green,
finely-fibrous mineral are present. Most of the cleavage faces
of this mineral, which the microscope shows to be anthophyllite,
are less than three millimeters in diameter.

Under the microscope are seen epidote, anthophyllite,
quartz and a litle calcite. The epidote, which is strongly pleo-
chroic, is present in comparatively small amount. It is partly
in small, formless grains and partly in well-shaped crystals in-
closed by quartz. Quartz and anthophyllite, which make up
the greater part of the rock, are present in nearly equal quan-
tities. The anthophyllite is elongated in the direction of the
prismatic cleavage traces, but has a rather poor outline with
ragged borders. The parallel extinction, positive elongation,
perfect cleavage, low relief and birefringence of about 0.025 as
shown by the greenish-blue interference color in a section a
little less than 0.03 mm. thick are properties which serve to
determine this mineral with a good degree of certainty. It is
light green and perceptibly pleochroic. Z=—pale green, Y—
yellow-green, X — yellow-green.
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METAMORPHOSED SHALE

The shale of the contact-metamorphic zone shows almosi
every degree of alteration between incipient metamorphism and
thorough baking with consequent crystallization. Locally iron
sulphides were deposited in small quantity, but it is not pos-
sible in every case to determine whether this was effected by
chemical combination and crystallization of contained elements
or by replacement.

In the less pronounced metamorphism, the shale is mod-
erately indurated and contains disseminated grains or small
aggregates of marcasite or pyrite. On the east shoulder of
Taylor Mountain the shale near the top of the Ouray limestone,
carries small grains of iron disulphide and many minute spher-
ical black patches which evidently contain a large proportion
of graphite. West of Taylor Gulch a hard, dense, light gray to
dark gray hornfels is abundant. The hornfels on the southwest
slope of Calico Mountain in contact with the quartz monzonite
gneiss contains a little graphite and numerous minute grains of
monoclinic pyroxene. Near Boss Lake pyrrhotite, apparently as
a replacement, occurs in small patches and narrow bands in a
hard, black shale.

Cordierite hornfels.—Cordierite hornfels, which has been
formed by the alteration of shale, is one of the most common
contact-metamorphic rocks of the Monarch district, and will be
described in considerable detail. It is especially abundant on
the south slope of Syncline Hill, about half a mile east of thc
small quartz diorite stock and a mile south of the exposure of the
large body of quartz monzonite. Several of the shale beds east
of Kangaroo Gulch have been changed to cordierite hornfels.
This rock is also found near the porphyry dike about a mile
east of Boss Lake.

The cordierite hornfels is a very hard, dense, dark gray
rock which has lost its original bedded structure. It often has
a bluish or pink cast. Weathered surfaces are dirty gray.
Surfaces but little weathered show numerous, minute gray or
white specks about half a millimeter in diameter; these are
altered surfaces of cordierite grains which locally make up
nearly one-third of the rock. On fresh fractures these grains
can scarcely be detected. Surfaces long exposed to weathering
are pitted owing to the complete removal of the cordierite.
The rock gives a metallic clink when struck with a hammer,
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and breaks with an uneven fracture, into sharply angular
fragments.

Thin sections from several localities were examined, but

one from a specimen taken from three feet below the porphyry
dike about a mile east of Boss Lake shows the greatest develop-
ment of cordierite. Under the microscope the rock strongly
resembles a porphyry in texture. OCross-sections of the cordi-
erite crystals are roughly hexagonal to circular in outline and
nearly all show the characteristic twinning. This produces six
sectors which extinguish in pairs of
diagonally opposite sectors (Fig. 4).
The cordierite crystals are crowded
with microscopic inclusions among
which are numerous minute flakes of
biotite, a few crystals of apatite, and
occasional black grains of what is prob-
ably graphite.

The microcrystalline matmix forms. Fimne s —Dissamn ot lesstaeed
about two-thirds of the rock mass. Of
this about one-third to one-half is biotite in minute brown, pleo-
chroic flakes. The remainder appears to be largely cordierite with
a few minute crystals of apatite and some graphite powder.

In a variation from this type the cordierite is in micro-
poikilitic patches with indistinct outline and no evident twin-
ning. The inclusions in the cordierite and the minerals mak-
ing up the bulk of the rock are quartz and biotite. The quartz
grains here are probably the original sand grains of a shaly
sandstone or sandy shale. Another variation shows smaller
cordierite crystals, with no pronounced twinning, in an extremely
fine-textured matrix.

QUARTZITE

The original sandstones and arkoses of the Garfield and
Kangaroo formations have been generally changed to quartzite
—probably without the recrystallization of the quartz and feld-
spar, but by a thorough crystallization of the cementing mate-
rial. In the specimens that have been examined microscopic-
ally, tremolite, diopside, biotite, and magnetite have been
formed in varying but considerable quantities. On the east
shoulder of Taylor Mountain, the “weathered quartzite strik-
ingly resembles an ancient gneiss in appearance. Careful ex-



CONTACT METAMORPHISM 119

amination shows that the banding is parallel to the original
bedding planes. Biotite and magnetite are the chief black min-
erals of the dark bands.

MISCELLANEOUS CONTACT-METAMORPHIC MINERALS

A few constituents of the contact-metamorphic rocks just
described and a few other minerals that have been formed
through contact-metamorphic agencies in minor occurrences
which cannot be considered rock masses, will be mentioned.

Tremolite—As noted above, this mineral is a component of
certain quartzites. It has not been certainly identified in the
marble, though its presence there might be expected. What is
very probably tremolite is found in the upper part of the
Tomichi limestone along the creek east of Garfield, and in the
Ouray limestone near the David H. mine in the Tomichi dis-
trict. Fine-grained tremolite, in considerable quantity, is as-
sociated with serpentine and magnetite in the ores of the Iron
King mine in the Tomichi district.

Actinolite—Actinolite in radiating tufts is associated with
magnetite at the limestone-granite contact on the southwest
slope of Missouri Hill. A large specimen of dark green quartz
associated with garnet crystals, epidote, and actinolite was
found in the moraine.at Cree Camp. Thin sections show that
the green color of the quartz is due largely to inclosed green
actinolite. The actinolite is abundant as short, stout crystals
which fray out at the ends into multitudes of fibers. The quartz
also incloses a great number of very slender, acicular crystals
of actinolite which are not connected with the larger crystals.
Inclusions of garnet and epidote are also present in the quartz.

Asbestos.—Small patches of asbestos with parallel, or
nearly parallel fibers are rarely seen in the marble. In the
form of mountain leather the same mineral has been found in
small sheets in the marble of Taylor Gulch.

Serpentine.—The occurrence of serpentine in the marble of
the Monarch district, and with tremolite and magnetite in the
Tomichi district, has been mentioned. In the latter occurrence
it may be seen in masses several inches across. On the south
slope of Mount Etna it is associated with magnetite and what
is probably olivine. But little of the last named mineral is now
present. It is probable that all the serpentine noted in these
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districts has been derived from silicates of calcium, magnesium,
and iron that were formed through contact-metamorphic
agencies.

Quartz.—Quartz has not been detected in thin sections of
the marble, but it is a common constituent of other rocks. It
evidently crystallized subsequently to the garnet, epidote,
and actinolite. The source of the late-deposited quartz in the
contact-metamorphic zone was probably the same as the source
of the quartz of the fissure veins in the quartz monzonite.

Metallic minerals.—Magnetite is a rather common mineral
in the contact-metamorphic zone. It occurs in bodies from sev-
eral feet to many yards across, on the southwest slope of Mis-
souri Hill, near the head of Taylor Gulch, on the southeast
slope of Taylor Mountain, at Boss Lake, in and near the Morn-
ing Glim fault, and on Mount Stella. On the south slope of
Mount Etna it is common in curved or distorted bands alter:
nating with serpentine. Sphalerite is associated with diopside
and garnet in Taylor.Gulch, in the New York mine. Galena
was found in contact with diopside on West Point. Pyrrhotite,
pyrite, and probably marcasite are found in the shale near
Boss Lake.

Though sphalerite, galena, and magnetite are associated
with characteristic contact-metamorphic minerals and may
therefore be considered of the same origin, there is evidence
that part of the magnetite was deposited subsequently to the
tremolite and the sphalerite subsequently to the diopside.
Microscopic fissures with ragged walls—and hence formed by
contraction rather than shearing—are found in the tremolite.
Both magnetite and serpentine were deposited subsequently to
the fissuring. In a thin section of sphalerite and diopside
(Pl. XX, A), the sphalerite appears to have replaced some ma-
terial, probably calcite, after the diopside had formed. The diop-
side is'automorphic toward the sphalerite which incloses small
crystals of the former mineral.



CHAPTER VII
LOCAL GEOLOGY

A summary of the geology of individual areas will be given
in this chapter for the convenience of those who may want
the essential features of a particular area and lack the time
to extract them from the details given in previous and suc-
ceeding chapters.

MONARCH DISTRICT

MONARCH HILL

Monarch Hill, as here taken, is the northeast part of a
long ridge which extends southwest to the Continental Divide.
Pre-OCambrian granite is exposed continuously on the east and
southeast slope of the hill from near the crest downward. The
same rock forms the entire ridge south of an east-west line
about a mile and a half south of Monarch. One narrow dike
of porphyry cuts the granite on the east slope about a mile
from the highest point. Paleozoic limestone with a little
quartzite is exposed on the northwest slope of the hill.

The granite is a gray to reddish rock composed essentially
of potash feldspar, quartz, and biotite. It varies from even-
granular to porphyritie, and is commonly massive.

Beside occasional small remnants of the Sawatch quartzite
lying on the granite, the sediments include the Tomichi lime-
stone, Ouray limestone, and a small part of the Garfield forma-
tion. The Tomichi formation, which is of Ordovician age, is
composed chiefly of bluish-gray, cherty limestone. The forma-
tion is 350 to 400 feet in thickness. At about two-thirds of
the way between the base and the top is a stratum, or several
strata, of medium to coarse quartzite, locally called the “part-
ing quartzite.” The thickness of the quartzite varies from
about 20 to 35 feet. The topmost part of the Tomichi limestone
is variably dolomitie, shaly, and siliceous in composition. In
part it is dark in color and weathers to chocolate brown.
Overlying the Tomichi limestone is the Ouray formation which
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includes strata of both the Devonian and Lower Carboniferous
systems. The entire formation is about 600 to 700 feet thick
on Monarch Hill. The lower part is a massive gray to blue
limestone, part of which is yellow on weathered surfaces. The
upper part is black to gray massive dolomite. A few hundred
feet south of Monarch is an outcrop of quartzite and conglom-
erate of the Garfield formation which overlies the Ouray lime-
stone. The quartzite and conglomerate are probably of Upper
Carboniferous age.

By strong compressive forces the sedimentary rocks were
folded and now form a syncline whose axis trends a few de-
grees east of north. The strata of the east limb of the fold
dip northwest at an average angle of about 35°. The west limb
is in part nearly vertical, and in part dips westward at an angle
of 25° to 50°, having been overturned by the thrust. Where this
limb is overturned the granite is thrust up over the limestone.
This overturn evidently passes, near the foot of the hill, into a
thrust fault, which trends northward and passes under Boss Lake.

In addition to the fault mentioned—the Lake fault—there
are on Monarch Hill at least three faults which strike north-
westward. Two of these, the Madonna and the Mayflower, are
shown on the geologic map. Because of lack of proof of con-
tinuity of the third important fault it is not represented om
the map, but it is probably not far from the section which
passes through the Hawkeye and Silent Friend mines and was
taken along the line D-D of the geologic map. The throw on
these three faults is comparatively small. The Madonna fault
is a thrust and dips steeply toward the southwest. On the top
of the hill the offset of the granite-limestone contact at this
fault is about 500 feet. The same contact is offset about 200
feet on No. 6 level of the Madonna mine not far above the
creek. The Mayflower fault dips steeply southwest. At the
top of the hill this fault is a gravity fault—that is, the down-
throw is on the hanging-wall side. It is not improbable that
the upthrow is on the same side near the creek level, and
the fault therefore a rotary fault. ‘The Hawkeye fault shows
a displacement of only a few feet in the Hawkeye mine, but
there is strong evidence that the same fault passes through
the Silent Friend mine with a much greater displacement.
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Ore bodies were deposited in the faults named and spread
laterally, replacing much of the limestone walls. The largest
known ore bodies are in the form of long shoots and are not
far above the granite. (See fig. 10, p. 226.) Other ore shoots
in the limestone near the granite have the same trend as the
longest known shoots, but it is not known that they were
deposited along faults. Still other ore bodies are found in the
limestone several hundred feet above the granite.

The South Fork of the South Arkansas has eroded a val-
ley 1,400 to 1,600 feet deep in granite and shale north and west
of Monarch Hill. This erosion was effected almost entirely in
pre-Pleistocene time before glaciers deposited the moraines
which now, with recent alluvium, occupy part of the valley
bottom. '

SYNCLINE HILL AND BOSS LAKE

The greater part of Syncline Hill is formed of Upper Car-
boniferous, or Pennsylvanian sediments. The rock of a small
area at the top may be of Permian age. The strata are folded
into a sharp syncline (Pl. XII) and, on the west, are in fault
contact with pre-Cambrian granite. The thrust which brought
. the granite up into contact with the sedimentary rocks shows
a displacement of more than 4,000 feet.

The west limb.of the syncline is vertical; the east limb,
which is a stratigraphically higher part of the east limb of
the syncline on Monarch Hill, has a northwest dip of 30°
to 75°. The sedimentary rocks were originally limestone,
shale, sandstone, and arkose, but by contact metamorphism
they have been largely changed to marble, hornfels, and quartz-
ite. The metamorphism was doubtless brought about by the
large intrusion of quartz monzonite whose southernmost ex-
posure is about a mile north of the hill. One narrow dike of
porphyry is found on the southeast slope of the hill. Moraines
cover much of the east and north slopes.

Boss Lake occupies a depression over the Lake fault at
the contact between the metamorphosed sediments and pre-
Cambrian granite. The basin was formed by the scouring by
a glacier which moved eastward down the valley of Lake Fork.
A few dikes of porphyry east and north of the lake and a few
dikes of granite north of the lake cut the metamorphosed sedi-
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ments. Metallic minerals in considerable quantity occur in the
metamorphosed sediments and in or near the fault plane. The
minerals include pyrite, pyrrhotite, galena, zinc blende, mag-
netite, and limonite. Gold and silver are present in small amount.

TAYLOR GULCH

Taylor Gulch is a steep valley 500 to 1,000 feet deep, which
has been formed by the erosion of Paleozoic sediments, chiefly.
The deepest part of the valley is in the Ouray limestone. Out-
cropping in the valley, from east to west, are the pre-Cam-
brian granite, Tomichi limestone, Ouray limestone, and Gar-
field formation. A remnant of the Sawatch quartzite is found
in the Lilly mine. All the strata stand nearly vertical. East
of the gulch the dip is from 75° west to 70° east. West of the
gulch the dip ranges from 55° westward to vertical.

The Paleozoic sediments, for the most part, belong to the
east limb of a large syncline into which the syncline of Mon-
arch Hill merges. The granite-limestone contact on the east
border of the fold is nearly vertical, and for a considerable dis-
tance dips at a high angle toward the east. There has been
much faulting near the head of Taylor Gulch, but the faults
can be traced only short distances. Similarity of rock on both
sides of the dislocations and the covering of talus make it
difficult to trace known faults and to preve the existence of
probable faults.

The quartz monzonite intrusion which extends southwest
nearly to Boss Lake cuts off the strata west of the head of
Taylor Gulch. Porphyry dikes are found in the pre-Cambrian
granite, Paleozoic sediments, and quartz monzonite. A few
granite dikes—apophyses of the quartz monzonite body—cut
through the sedimentary rocks. Nearly all the sediments of
the gulch have been greatly metamorphosed as a result of the
intrusion of quartz monzonite. Marble, quartzite, hornfels,
garnet, and epidote are found in abundance.

Several large ore shoots and many smaller bodies in the
sedimentary rocks of Taylor Gulch, have been developed. The
largest ore bodies hitherto discovered were found in the lime-
stone near the granite, but good ore has been found about half
a mile from the granite—that is, nearly half a mile strati-
graphically above the oldest sedimentary beds.
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There is no known evidence that a glacier occupied the
upper part of Taylor Gulch. There are, however, at the lower
part of the gulch, remnants of moraines that were probably
deposited by the large glacier that moved down the South
Arkansas.

CREE CAMP

The oldest strata of Taylor Gulch continue northward to
Cree Camp where they are sharply bent, forming an anticlinal
fold. The folding, though more gentle, continues for some
distance toward the southeast, and at about one-fourth of a
mile southeast of the camp the trend of the limestone-granite
contact is nearly due south. At less than half a mile from the
camp the same contact bends sharply to the east and north,
forming a synclinal fold, and continues northward with the
same trend that it has in Taylor Gulch, having been offset
about two-fifths of a mile. The dip ranges from about 50° to
90°. :

The Paleozoic sediments are exposed throughout an area
of not more than one-half square mile. On the northwest they
are cut off by the quartz monzonite, which is also found in two
small stocks surrounded by sedimentary rocks. A porphyry
dike trending northeastward outcrops near the camp and again
on the southwest slope of Missouri Hill. Nearly all the Paleo-
zoic sediments have been thoroughly metamorphosed. Marhle,
quartzite, garnet, and epidote are abundant. Two mines in the
limestone have produced ore.

A moraine several miles long occupies the valley below
the camp.

MIDDLE FORK

The deep valley of Middle Fork, which is nearly five miles
long, has been eroded chiefly in Paleozoic sediments, quartz
monzonite, quartz monzonite porphyry, and quartz latite por-
phyry. It is separated from the valley of Chalk Creek by Chalk
Creek Pass which, though over 1,200 feet in elevation, is about
1,000 feet lower than the peaks on each side. Glaciation has
materially widened the valley and planed down irregularities
throughout nearly the entire length of Middle Fork. The
youngest moraines of considerable size are found three miles,
or more, from the pass.
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The quartz monzonite porphyry—called in this bulletin
Etna porphyry—is the most important igneous rock in areal
extent in the valley. A prominent characteristic of this rock
is the great number of large, pink or reddish phenocrysts of
orthoclase (Pl. XI, B). The Etna porphyry forms a very irregu-
larly-shaped stock which cuts through the fine-grained quartz
latite porphyry. Much volcanic breccia is found on the west
rim of the valley together with several large masses of Paleo-
zoic sediments that are inclosed by igneous rocks.

A few ore bodies in fissure veins and at eruptive contacts
have been mined in the Middle Fork valley, but thorough pros-
pecting has been retarded by the great amount of sliderock,
by the heavy snow which remains nearly throughout the year,
and by snowslides.

COLUMBUS AND KANGAROO GULCHES

These very steep gulches, tributary to Middle Fork, are
strongly suggestive of hanging valleys. They have been cut
chiefly in the late Paleozoic strata which stand nearly vertical.
These strata have been cut off by the intrusion of quartz mon-
zonite which is partly within the Columbus valley. Northeast-
ward-striking porphyry dikes are common in both the quartz
monzonite and sedimentary areas. By contact metamorphism,
the sandstones and shales of the original strata have been
changed to quartzite and hornfels.

A few small ore bodies in the sediments and larger ones in
the fissure veins in the quartz monzonite have been mined.

NORTH FORK

The North Fork valley may be divided into three parts,
each having a length of about three miles. In the lower di-
vision the valley is less than a mile wide, rather flat at the
bottom, and bordered by high terraces. (See Chap. 1) The
middle division is a deep U-shaped canyon formed by stream
and glacier erosion. The walls are of pre-Cambrian gneiss for
the most part, though granite and quartz monzonite form the
walls near the upper end of this division. The upper division
includes several tributary valleys as well as about one-third
of the main valley. All these valleys head in glacial cirques
where lakelets are numerous. Part of the lake basins were
formed by glacial gouging; others are the result of morainal
damming; a few owe their existence to repeated accumulations
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of snow at the foot of cliffs or to the combined effects of snow-
banks and glaciers. Without doubt the glaciers were very
effective in both deepening and widening the valleys. Morainal
boulders are abundant in the main valley; particularly in the
middle and lower divisions.

The rocks of the upper division include the Pomeroy quartz
wmonzonite, quartz latite porphyry, andesite, and quartz mon-
zonite gneiss. Fissure veing are common in the quartz monzonite.
Payable ore has been found in several fissure veins and at one
eruptive contact.

BROWNS GULCH

The physiographic features of Browns Gulch are similar to
those of North Fork. Glaciers were also very effective agents
here in widening and deepening the valley. The canyon walls
of the middle division are chiefly of post-Paleozoic granite.
Pomeroy quartz .monzonite and andesite are the principal rocks
of the upper part of the gulch. A small amount of silver-lead
ore has been found near the southwest rim of the gulch; molyb-
denum ore is present on the north side.

-

TOMICHI DISTRICT
LAKE HILL, WEST POINT, AND PORCUPINE RIDGE

The principal rocks of the general region containing the
three localities named are pre-Cambrian granite, Paleozoic sedi-
ments, and quartz monzonite. The granite is gray, massive, and
almost uniformly porphyritic. Small orthoclase phenocrysts
make up more than half the rock mass. The groundmass is com-
posed of quartz, orthoclase, and biotite, all of which can be seen
by the naked eye. The quartz monzonite is rarely porphyritic,
contains less quartz than the granite, and carries a greater pro-
portion of lustrous biotite. The sediments include the Sawatch
quartzite, Tomichi limestone, Ouray ,limestone, and the lower
part of the Garfield formation. These formations are the same
as those briefly described in the paragraphs on Monarch Hill
and Taylor Gulch, and like the sediments of Taylor Gulch they
have been greatly metamorphosed over much of the area. A large
quantity of the limestone has been changed to marble, shales have
been hardened and locally baked, and massive diopside has been
locally formed.
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The strata dip eastward at an angle of 30° to 60°. (See Pl
XVI, B). Northeast of Lake Hill and Porcupine Ridge the
granite has been faulted up against the sediments along the
plane of the Morning Glim fault on which the displacement is
mare than 1,000 feet. The granite underlying the sediments of
Lake Hill has been faulted up, along the Star fauli, against the
eastward-dipping strata of West Point. The displacement here
i¢ probably 2,000 feet or more. The lower Paleozoic sediments
of West Point overlie the pre-Cambrian granite. On Porcupine
Ridge the quartz monzonite is intrusive in these sediments and
cuts off the Morning Glim fault.

Several dikes of porphyry and pitchstone have been intruded
into the sedimentary rocks, and a few short dikes of porphyry
are found in the quartz monzonite. One of the dikes follows the
Star fault rather closely. Another cuts the sediments near the
Morning Glim fault on the west slope of Porcupine Ridge. A
few bear no apparent relation to previous structure.

Many morainal boulders may be seen on the slope east of
Tomichi Creek several hundred feet above the creek level. These
were doubtless deposited by a moraine which moved down the
valley but there is no observed evidence of former glaciers in
the area described, east of the west slope of West Point.

The area described has hitherto been the most productive
part of the Tomichi district. The ore bodies are chiefly replace-
ment deposits in the limestone, but the ore of the Spar Copper
mine, on Porcupine Ridge, is in a fissure vein in the pre-Cambrian
granite. i

ROBBINS GULCH

The oldest rock in the valley of Robbins Creek is the pre-
Cambrian granite which is exposed over a considerable area on
both sides of the creek in the upper two-thirds of its course.
North-of the creek are remnants of the lower Paleozoic sedi-
ments. These have been intruded successively by quartz mon-
zonite gneiss, quartz monzonite, and Etna quartz monzonite por-
phyry. Voleanic breccia is exposed over a large area north of
the upper part of the creek. A small part of two bodies of quartz
monzonite is exposed in the valley; these are the Princeton
batholith and the Copper Hill stock. Omnly small masses of the
quartz monzonite gneiss may be seen. Debris, slope-wash, and
‘alluvium are abundant, particularly in the lower part of the
valley, near Tomichi Creek.
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Taylor Mtn. LostT Mtn.

A,—HIGH TERRACES NORTH OF

Mornumenial Min

B.—WEST POINT AND LAKE
1. Denver City shaft. 2, Victor shaft in Star fault.
1 and 3 are in approximately the same stratigraphic horizon, but the sediments at 3 have been
greatly elevated by faulting at 2.
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SOUTH ARKANSAS RIVER

HILL FROM THE SOUTHWEST
8. Breadwinner shaft. 4. David H. mine.
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Several mines, in Robbins Gulch, were developed many years
ago. The ore was partly in fissure veins in the granite, and partly
in the limestone, perhaps as a replacement.

FORT SCOTT GULCH

The geology of this gulch is similar to that of Robbins Gulch.
Granite, however, is exposed over a smaller area, while the post-
Paleozoic intrusive rocks are more abundant. Pre-Cambrian
granite, Paleozoic sediments, quartz monzonite, quartz monzonite
porphyry, quartz latite porphyry, and volcanic breccia are all
found in the valley. A few carloads of good ore have heen shipped
from the Fort Scott mine near the head of the gulch.

WEST OF TOMICHI CREEK

West of Tomichi creek the geology is simple. - Near the west
border of the area mapped massive, porphyritic granite is the
only country rock exposed, except near the northwest corner
of the district. By far the .commonest rock is quartz
. monzonite, which extends far north beyond the boundary of the
district. A remnant of Paleozoic sediments is found northwest
of Mount Stella, and a small inclusion of marble in the quartz
monzonite outcrops on the south slope of Mount Stella. On the
west slope of the same mountain is a stock of quartz diorite.
Porphyry dikes are rare. West of the border of the area sur-
veyed, about a mile and a half west of Granite Mountain, the
granite is faulted up against the eastward-dipping sediments. |

- Northeastward-striking fissure veins are common in the
quartz monzonite. Though quartz is the commonest vein filling,
several workable ore bodies have been discovered.

There is evidence of former small glaciers on the higher
slopes, and morainal boulders deposited by the Tomichi Valley
glacier are common west of Tomichi Creek.

(5)



CHAPTER VIII

PETROGRAPHY OF THE POST-CARBONIFEROUS
IGNEOUS ROCKS

In this chapter the rocks are grouped according to their
occurrence, namely: (1) rocks of the batholith and stocks, (2)
rocks of the chonoliths, (3) dike-rocks, and (4) extrusive rocks.
Though this grouping, which is geologic rather than petrographic,
brings together rocks which differ greatly in composition and
considerably in age, the petrographic relationships are pointed
out in the succeeding chapter.

ROCKS OF THE BATHOLITH AND STOCKS
QUARTZ DIORITE

Occurrence. — Fine-grained quartz diorite occurs on the
southeast slope of Lost Mountain in a stock whose longest
diameter is about a mile and a half; it is also found in a smaller
stock on the southwest slope of Mount Stella. A rock, which is
somewhat monzonitic, although very similar to the typical quartz
diorite in chemical composition, forms a small stock about a mile
from Monarch toward the northwest.

Age relations.—Of the three quartz diorite bodies, only one,
the Mount Stella stock, is in contact with Paleozoic or later
rocks. This stock cuts only the pre-Cambrian granite and the
oldest sediments; the beds younger than Ordovician have been
removed from this vicinity by erosion or by both erosive and
igneous agencies. The quartz monzonite of the batholith is
younger than the quartz diorite, as shown by the numerous in-
clusions of the latter rock in the quartz monzonite on the south-
west slope of Mount Stella. Tt is highly probable that the stocks
of Lost Mountain and Mount Stella were intruded at the same
time. The Monarch stock, which lithologically differs from the
other two, may be a little older or younger.

The quartz diorite is hence one of the oldest post-Ordovician
intrusive rocks. There is no reason to believe that it preceded
the others by a long period. It was probably the first plutonic
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rock intruded in the epoch of post-Carboniferous, or Tertiary,
vulcanism.!

Description.—The fresh, typical quartz diorite is dark bluish-
gray, while weathered surfaces are a dull brownish-gray. In the
hand specimen the eye can detect feldspar and numerous bright
cleavage faces of black mica. The total amount of dark minerals
is greater than that of any other post-Carboniferous rock in the
district. The grains have an average diameter of less than two
millimeters. Along the southeast border of the Lost Mountain
stock the rock is a quartz diorite porphyry rather than an even-
granular quartz diorite, indicating that cooling along the margin
was more rapid—a common phenomenon in small stocks which
do not reach the surface at the time of intrusion.

The even-granular diorite is very similar in texture and
composition to specimen 93 of the educational series of rock
specimens prepared by the United States Geological Survey. The
latter rock comes from Teocalli Mountain, Gunnison County, and
is described by Cross,? who states that it occurs in large stocks
with ramifying dikes cutting through Carboniferous strata.

The microscope shows apatite, zircon, iron ore, titanite,
pyroxene, hornblende, biotite, plagioclase, orthoclase, and quartz.
Apatite is present in minute short crystals. All the zircon
crystals are small; although most of them have the usual stout
habit, a few comparatively long prisms are present. Black iron
ore in octahedrons and formless grains is a constant accessory.
Titanite occurs in wedge-shape crystals and anhedrons in a few
specimens in very small amount. Some specimens do not show
this mineral.

Although the .three ferromagnesian constituents—biotite,
hornblende, and pyroxene—are everywhere present, the relative
amounts are variable. All are without crystal outline and inter-
growths of any two are not uncommon. In many instances horn-
blende or biotite has grown around a core of pyroxene, which
is pale-green augite with a wide extinction angle. The augite is
present in less amount than either hornblende or biotite. The
hornblende is the common green variety with strong pleochroism.
_ In some cases this mineral is found in aggregates of many an-
hedrons. Brown, pleochroic hiotite is the most abundant of the
three ferromagnesian minerals.

1See also pp. 75, 144, 178.
2Bull. U. S. Geol. Survey No. 150, 1898, pp. 241-243; Anthracite-Crested
Butte Folio (No. 9), U. S. Geol. Survey, 1894.



132 MONARCH AND TOMICHI DISTRICTS

The plagioclase, which occurs in the rock in greater quantity
than any other mineral, has crystallized in almost automorphic
forms. Zonal structure is distinct in many crystals. Pericline
or Carlsbad twinning frequently accompanies the common albite
twinning. COrystals which combine albite and Carlsbad twins
are found by the Michel-Lévy method to be largely andesine
ranging from Ab,An, to Ab,An,. Many crystals have a more
acid shell. In some sections alteration has given rise to a more
or less fibrous mineral (probably tremolite) with a birefringence
of about 0.027. Orthoclase ranges from an almost negligible to
a considerable component, but is everywhere greatly subordinate
to the plagioclase. In some cases it incloses several of the earlier-
formed minerals in poikilitic manner.

Quartz, the last product of crystallization, is constantly
present in small amount. It carries, in addition to apatite and
zircon, many gas and liquid inclusions, some of which occupy
spaces having the form of quartz crystals.

Monzonitic variety.—The rock of the stock near Monarch
is lighter in color and slightly coarser in texture than the quartz
diorite described. The unaided eye readily recognizes a large
proportion of feldspar and abundant lustrous cleavage faces of
black mica. The feldspar grains are largely colorless to bluish-
gray and commonly have a high luster. With the aid of a lens
twinning strize can sometimes be seen on cleavage faces. In a
small area near the west border of the stock the rock is strikingly
mottled with alternating light pink and dark greenish-gray
patches. The microscope shows the dark patches to be segrega-
tions of the dark minerals and plagioclase, while the pink ones
are composed principally of orthoclase and quartz.

The microscope shows that the rock of this stock differs from
the quartz diorite described chiefly in the slightly larger propor- .
tion of orthoclase and smaller proportion of biotite and quartz.
Zircon is a conspicuous accessory. The plagioclase crystals are
strongly zoned. The greater part of many is labradorite, the
core having the composition of approximately Ab,An,. The labra-
dorite is surrounded by a shell of acid plagioclase, apparently
oligoclase. Other crystals are zoned almost from the center to
the border.

Chemical and mineral compésition.—Columns 1 and 2 of the
table below are analyses of specimens taken from the Lost Moun-
tain stock and the Monarch stock, respectively:
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Analyses of quartz diorites

; 1 2 l 3
BTl o meir et S TS St a I ST g |  57.39 57.67 | 62.71
e o R R e ) [ =iBgs | 71g07 | 17.06
L L e R R e T Fo 68 109 | 379
TBE00) - 4 s Py e g - el =50 4.23 | 2.74
VD et A R s i e R e R
BED bois ot o i N ety e L 6.52 6.24 i 5.51
WD) 1 e e s e ol el b S P el ML SR | 2.78 3.14 | 3.54
FCRORE e, S e | 459 4.02 2.96
57 [Ei. e RGeSt e e S | 20 22
O g R e SN e D B j 11 17 24
O s e R T el LI s o | 111 1.04 undet.
AR A ey e e i .03 .32
1210} 2 RA R i ek T I e e R W s o n T o ; A1 a1 none
B 5 o Ak, A W) SR S e ? .05 .04
WD) o PR e SR o ¢ MUl o B, il S ey .88 .80 trace
: | 10022 | 99.85 | 100.33
1. Quartz diorite, Lost Mountain, Monarch district, Colorado. R. M. Butters,
analyst.

2. Quartz diorite (monzonitic variety), Monarch, Colorado. R. M. Butters,
analyst.

3. Diorite, Middle Brush Creek, Gunnison County, Colorado. L. G. Eakins,
analyst. Cross, Whitman, Bull. U. S. Geol. Survey No. 150, 1898, p. 242; Bull.
U. S. Geol. Survey No. 419, p. 111.

The norms® of the two varieties of the rock of the Monarch
district are given in the following table:

Norms of quartz diorite of the Monarch district

1 2

(EIEARTA. S A G M T el o e e Y S T o o 5.82 5.16
ORTROCIASE " - ¢ e i amiie: siwmsinioii o o e e Cn s el o % aees romcaie . 27.24 23.91
Ay L R o8 s s e e e v el s R e e e e Sy 23.58 26.72
AT O BRI R i A S s e S S B o s e m e s e 23.63 23.07
102 s RN S et R S P S TR i S N S 6.59 5.97
RVELVDEUBTICTIEY. - 15 75 oo s i o om s & a%s i e e oo s oo 35 8.28 10.35
TR D ety UGS s Bl Sk, [ R SO Bl o M g 2.32 1.62
T T T e e e L SN s S e 2.13 1.98
PATHA G o St SO 2 M o s iy o el o A A T 3 31
T G TIR e, o e oot o Co L 2 o B s e el 2wl e 37
100.00 99.46

1. Quartz diorite, shoshonose, Lost Mountain, Colorado.

2. Quartz diorite, shoshonose, Monarch, Colorado.

1Below 110° C.; *above 110° C.
3Cross, Whitman; Iddings, J. P.; Pirsson, L. V., and Washington, H. S.,
Quantitative classification of igneous rocks, 1903, p. 147.
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The actual mineral composition of the Lost Mountain rock
was determined by the Rosiwal method, as follows:

Mineral compositionl of quartz diorite of Lost Mountain

QUATTZL T8 200 % a8 e v R S RS SR 13.7
OF EROCTASE & ine s s aiure Sttt Mot oy AT RS CL Lo o 18.9
PlagioClase. . om o at A, o R I e 39.8
V- g (- e, OG0 SRl Gy e e o Rl 6.0
HOornblente ;... ik e e 4.1
BIOTIES =, .« it i iy i i L A s P 15.0
507 1 0 03 - LS e O SO O e o T W o A S it 2.4

99.9

Chemically the rock is probably more nearly a monzonite
than a diorite, owing to the excess of potash over soda, the re-
verse of what is seen in a normal diorite, but the proportion of
orthoclase is a little low for a typical monzonite. The develop-
ment of much biotite, owing perhaps to the high alumina and
ferrous oxide, materially reduced the amount of potash available
for orthoclase. One might call the monzonitic variety a diorite-
monzonite, as Cross? has named a somewhat similar rock in the
Telluride quadrangle.

POMEROY QUARTZ MONZONITE

Occurrence—This type of quartz monzonite, here called
Pomeroy quartz monzonite to distinguish it from the Princeton
type, is exposed in the northwest part of the Monarch district
over a wide area which narrows to a mere tongue where it
extends into the Tomichi district. The rock forms a stock whose
north boundary has not been traced by the writer, but is evi-
dently south of Chalk Creek.

This stock has probably suffered but little from erosion. At
the south and southeast margin of the body the surface dips
under the younger porphyries at an angle of 25° to 45°. The
typical rock near this margin, both below the later porphyries
and near the head of North Fork where it has been exposed to
erosion, grades into a finer-textured and more acid marginal
facies. It is hence inferred that the surface as now exposed is
not far from the original upper surface of the stock.

Age relations—The Pomeroy quartz monzonite is older than
the post-Carboniferous granite which, in Browns Gulch, incloses

1Total distance measured, 46.44 mm.; number of measurements, 137.
2 Cross, Whitman, Telluride Folio (No. 57), U. S. Geol. Survey, 1899, p. 6.
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a large xenolith of the quartz monzonite penetrated by a dikelet
of the granite. It is also older than the dacitic rock which
overlies it at Pomeroy Pass, as evidenced by inclusions of the
quartz monzonite in the overlying dacitic porphyry. The relation
to the Princeton quartz monzonite is not clear, but it is uniform
in texture to the west boundary, where it is in contact with the
granite porphyry that is probably a marginal facies of the
Princeton quartz monzonite. These relations suggest that the
Pomeroy quartz monzonite is older than- the Princeton quartz
monzonite.

Description.—The Pomeroy quartz monzonite is a pinkish-
gray to bluish-gray rock in which bluish feldspars with a high
luster, pinkish to white lusterless feldspars, chloritized horn-
blende, and a few biotite crystals can be seen with the naked
eye. Occasional quartz grains can be seen under a strong lens.
Small grains of pyrite are not uncommon. The light-colored
components are greatly in excess of the dark minerals. The
bluish feldspar crystals, of which many show albite twinning
under a lens, have well developed crystal outlines, while the quartz
and part of the unstriated feldspar have crystallized in the
interstices. ;

Near the southeast border of the large area, from Pomeroy
Pass northward, there is a facies which carries but little horn-
blende and biotite and is more noticeably porphyritic. This
rock carries a few plagioclase phenocrysts in a fine-grained,
granitic groundmass composed largely of orthoclase and quartz.
This rock is evidently a border facies into which the typical
quartz monzonite grades. It is probable, however, that a few
narrow dikes of similar porphyry have been intruded into the
quartz monzonite between Grizzly Gulch and North Fork.

Wherever the quartz monzonite near the east border is ex-
posed on the ridges, it is much stained with red and brown oxide
of iron. This colored strip may reach a width of 200 feet or
more. The bright colors are very conspicuous on Pomeroy Pass
and on the divide between Grizzly Gulch and North Fork.

In thin section can be seen zircon, apatite, iron ore, titanite,
augite, hornblende, biotite, plagioclase, orthoclase, quartz, and
the secondary minerals mentioned below. Zircon, apatite, and
titanite are present as accessory minerals in very small amount.

Awugite was seen in only one slide, that of a specimen from
Chapman Mountain outside of the area mapped. The augite is
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pale green, has good prismatic cleavage, and extinguishes at
about 40°. The hornblende is pale green, pleochroic, and fre-
quently chloritized. Unaltered biotite is rare. In most cases the
biotite is replaced in greater or less degree by chlorite. A few
small octahedrons of iron ore, inclosed by the hornblende and
biotite, are probably primary. There are, however, associated
with the hornblende and biotite, numerous patches of iron ore
which probably separated out in the process of chloritization.

The most important mineral in the rock is plagioclase which |
forms almost automorphic crystals. Combinations of Carlsbad
and albite twins are common, and afford opportunity for measure-
ments which show the mineral to be labradorite with the com-
position of approximately Ab,An,. This feldspar is apparently
uniform in composition as it does not exhibit the zonal banding
seen in the other plagioclase-bearing rocks described.

In this rock the orthoclase sometimes involves the earlier-
formed minerals and not infrequently forms phenocrysts. It
has, however, largely crystallized in the interspaces after the
formation of the labradorite crystals was practically complete,
and almost universally forms beautiful micrographie intergrowths
with quartz. .

Everywhere on the surface and in the mine workings the
rock is greatly weathered. Besides the chlorite and iron ore
mentioned, kaolin is common. Small amounts of calcite, epidote,
and a colorless mineral, perhaps an amphibole, may be observed
in the thin sections.

Chemical and mineral composition.—The analysis of a speci-
men taken from the dump at the Pride of the West tunnel on the
east slope of Pomeroy Mountain, is given in the first column of
the following table:
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Analyses of quartz monzonites and constituent hornblende and biotite

1 2 3 4

SO o A mi b o SR o= N S e 62.60 66.83 47.49 35.75
FIOF S e S S N e pe et 18.16 15.24 7.07 14.70
01 T0L e o e P - S T A .91 2.73 4.88 4.65
I D) T e e T s 272 1.66 10.69 14.08
L e o oo o et 7 R .96 1.63 13.06 12.37
[BRIRIL © 2 b e i T i 5.30 3.59 11.92 by
0] S g R T e L 3.02 3.10 .75 .32
O e e e SIS g Sl i 4.10 4.46 49 9.19
At B A Kl s K, § .28 e E 1.03
1R 0 e Sl e e e S e .34 .56 1.86 3.64
O g e e e e L B 1.02 .54 1.21 3.16
VA0S e e R R e e s trace .04 none none
B e s i et e .06 .18 s .03
EIREs iy i, oty o T Ty -.04 .02 Fg el
B e R e et e e .50 .10 51 45
Remainder .. .i.sue - eveno: el 5 14 A2 .29

100.01 | 100.82 100.05 99.83

1. Pomeroy quartz monzonite, Pride of the West tunnel, Pomeroy Moun-
tain, Monarch district, Colorado. R. M. Butters, analyst.

2. Quartz monzonite, Nevada Falls trail, Yosemite Valley, California (aver-
age rock of region). Wm. Valentine, analyst. Turner, H. W., Am. Jour. Sci.,
4th ser., vol. 7, 1899, p. 297; Quantitative classification of igneous rocks, Table
XIIIa; Bull. U. S. Geol. Survey No. 419, 1910, p. 158.

3. Hornblende from variety of 2 rich in hornblende and biotite. W. F.
Hillebrand, analyst. Loc. cit.

4. Biotite from same block as 3. W. F. Hillebrand, analyst. Turner, H. W.,
Am. Jour. Sci., 4th ser., vol. 7, 1899, p. 297; Quantitative classification of igneous
rocks, Table XIV; Bull. U. S. Geol. Survey No. 419, 1910, p. 289.

The norm according to the quantitative classification is as
follows :
Norm of quartz monzonite of Pomeroy Mountain

OIATEZ ot e e B s e ke o e e e 3 e e 15.60
(87 H ¥ Ve 1S St Mottt bt i N Sy B S, 24.46
-0 T e o R o e e e e e SIS o 25.15
AT O R UTEY s & i e e sk s, o e 3 23.85
Diopside ....... e A S e s 2.3
; 1310 ) H Y01 ke md (i R S e S e Sl S 4.77
INTAETEUITE i i i Db s ies toied Toman i, o\ lece 1.39
Tlmenite: 5. e we . S e e 1.98
99.50

This norm corresponds to amiatose.

The following is the actual mineral composition calculated
from the chemical analysis:
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Mineral composition of quartz monzonite of Pomeroy Mountain

QUATEZ . il e e e T s SENR PR Y 17.46
OrthoClase . vivs - voimieea s v soe s S oo et 28.59
Labradorite (about Ab;An,)............... 40.52
Biotile, i ot ote et e e et 3.96
HornbIende: ; vl 7ot et T8 - RS ol 6.94
MASHETILS: '« &v it s fotdiars]d sialoheto Ot s s e .70
TImenite h ot s e et e R S 1.52

99.69

Thin sections of the rock of Pomeroy Mountain carry no
pyroxene. The hornblende and biotite were assumed te have a
composition similar to those whose analyses are given in the
table on the preceding page. In the calculation it was found that
in the combinations used the hornblende and biotite required .86
per cent less ferrous oxide and .48 per cent more magnesia than
the chemical analysis of the rock shows.

The orthoclase was assumed to have the same composition as
that of the Etna porphyry (p. 158). Since the plagioclase, as
calculated from the chemical analysis, contains a smaller propor-
tion of lime than optical determinations indicate, it is not im-
probable that the orthoclase contains more soda than was as-
sumed and that the true ratio of orthoclase to plagioclase is
somewhat greater than that of the table above.

PRINCETON QUARTZ MONZONITE

Name.—Since there are two distinct types of quartz mon-
zonite in the area mapped, it is necessary to give each a dis-
tinctive name in this paper for purposes of reference. Because
the type here considered is well exposed on Mount Princeton, one
of the highest peaks in the general region, the name Princeton
quartz monzonite is used.

Occurrence. — Excepting the pre-Cambrian granite, the
Princeton quartz monzonite is more important in areal extent
in the Monarch and Tomichi districts than any other igneous
rock. It is exposed over a large part of the Tomichi district and
extends several miles northwest of the limits of the mapped area.
A stock approximately half a mile in diameter is found about a
mile southwest of Clover Mountain. In the Monarch district it
forms a dike-like mass, half a mile to a mile wide, which reaches
from near the northeast corner of the district to the north end
of the Lake fault. Several small stocks are found in the vicinity
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A.—PHOTOMICROGRAPH OF QUARTZ DIORITE FROM LOST MOUNTAIN
Crossed nicols; x 14.

B.—PHOTOMICROGRAPH OF QUARTZ MONZONITE FROM TAYLOR MOUNTAIN
Crossed nicols; x 14.
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of Taylor Mountain and Cree Camp. The map also shows a
small part of an exposure in Pomeroy Gulch, in the Chalk Creek
district.

Excepting the stocks, the occurrences noted are part of a
large batholith which lies mostly north of the area mapped. This
quartz monzonite is exposed continuously from the foot of the
east slope of Mount Princeton to Tincup Pass on the Continental
Divide toward the west, a distance of about fifteen miles. It
forms the crest of the divide from Tincup Pass toward the
north about a mile (estimated). The same rock forms the bulk
of Mount Princeton and the ridge extending from this mountain
to the Continental Divide. The color of the outcrop at the foot
of the southeast slope of Miount Yale on the north side of Cotton-
wood Creek and the character of the relief as seen from a dis-
tance, together with the large proportion of quartz monzonite
boulders brought down to Buena Vista by Cottonwood Creek,
lead to the inference that the batholith extends at least to the
foot of Mount Yale. Boulders of the quartz monzonite were also
found by the writer nearly a mile north of Buena Vista, on the
bank of the Arkansas River. Since these could not have been
brought down by Cottonwood Creek, as its course is at present,
it is not unlikely that there is an exposure of the quartz mon-
zonite north of Mount Yale. It is very probable that the batho-
lith is exposed continuously from Mount Yale on the northeast
to Spring Creek in the Tomichi district on the southwest, a
distance of about twenty miles. The total area exposed is prob-
ably not less than 200 square miles, and may be much greater.

A considerable area of the pre-Cambrian granite west of
Boss Lake was included with the quartz monzonite on our pre-
liminary map.® More detailed work shows that, while the granite
dikes from the quartz monzonite extend practically to the lake,
the contact between the quartz monzonite itself and the old
granite is distant nearly a quarter of a mile. Since from this
point northwestward to the foot of Mount Etna the contact is
concealed by talus and soil, the position can be shown on the
map only approximately. This position cannot be far from cor-
rect since the granite is exposed on the north slope of the ridge
while the quartz monzonite is in place south of the creek, near
the foot of Mount Etna.

Description.—The minerals which can be recognized in hand
specimens of the quartz monzonite, are pink and white to bluish

«Bulletin 1.
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feldspars, quartz, biotite, hornblende, and accessory titanite. On
Taylor and Shavano mountains where the fresh rock is exposed,
it is generally even-grained, but occasionally a pink feldspar
phenocryst, with a maximum diameter of one inch (about 25
mm.), may be seen. Ordinarily the feldspars are less than five
or six millimeters in diameter. A few of the pink orthoclase
crystals are twinned after the Carlsbad law, and twinning strize
may sometimes be readily seen on the white to bluish plagio-
clase cleavage faces. The biotite and hornblende crystals are one
to three millimeters in diameter. Although quartz is always
" present, it is subordinate in quantity, and in some cases almost
disappears. Titanite is a constant and conspicuous accessory
in yellow crystals one to three millimeters long. Everywhere the
dark minerals are subordinate in quantity to the feldspars, but
are prominent wherever their luster has not been dulled by
weathering. The fresh rock is commonly pinkish-gray but in
some weathered exposures is nearly white. Over considerable
areas, and especially where it is much weathered, the quartz mon-
zonite might readily be taken for a quartz-poor granite. Where
it is intruded into the pre-Cambrian granite it is often difficult
to distinguish one rock from the other. In the Tomichi district,
particularly west and northwest of Whitepine, orthoclase is less
abundant while plagioclase, commonly bluish here, increases in
quantity.

Though there has been but little differentiation in the quartz
monzonite batholith, the rock along Chalk Creek seems to be
somewhat poorer in ferromagnesian minerals and richer in
feldspar and quartz than the same rock in the Monarch and
Tomichi districts. Specimens from Tincup Pass are practically
identical with those from Taylor Mountain.

Thin sections of the quartz monzonite show apatite, zircon,
iron ore, titanite, pyroxene, hornblende, biotite, plagioclase,
orthoclase, and quartz.

Apatite and zircon occur in their usual forms. Black iron
ore is commonly associated with, or inclosed by, both hornblende
and biotite and is in part secondary. Considerable pyrite may
be seen in the quartz monzonite near the diorite stock southwest
of Mount Stella. Titanite, the most abundant accessory, is
présent in wedge-shaped crystals and irregular grains. Its
period of crystallization appears to have been drawn out to con-
siderable length. One slide with an unusual quantity of titanite
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shows an irregular mass filling a space between orthoclase grains
which are automorphic toward the titanite. It is possible that
in this case the titanite is a secondary mineral.

Of the large number of sections examined, only one showed
pyroxrene which is a very pale-green monoclinic variety. Horn-
blende and biotite are present in nearly equal amounts, and are
intergrown in many cases. They have cr)’staliized in part earlier,
in part later, than the plagioclase, but are automorphic toward
the orthoclase. The hornblende is not infrequently twinned.

Plagioclase is in excess of orthoclase in many ‘specimens,
but the proportion is not constant. Since the plagioclase is
usually in smaller crystals than the orthoclase it is less likely to
be lost in grinding than is the orthoclase. Hence a study of the
thin sections, without comparison with the hand specimens, would
probably give an erroneous idea of the relative importance of the
plagioclase. As is‘usual in rocks of this character, this mineral
shows a strong tendency toward automorphism. Zonal banding
is pronounced. A few crystals inclose many flakes of biotite.
Combinations of Carlsbad and albite twins are comparatively
rare—a fact which makes difficult the specific determination of
the feldspar. The individuals which lend themselves to measure-.
ment are andesine-labradorite with the composition of approxi-
mately Ab,An, to Ab,An,. In some cases a narrow border of
albite or oligoclase surrounds the less sodic core. The orthoclase
commonly presents no crystal outline and poikilitically incloses
all of the earlier-formed minerals. Carlsbad twins are occa-
sionally seen. '

Quartz is everywhere present, though in very small quantity
in some specimens. Micrographic intergrowths of quartz and
orthoclase are rarely seen.

Marginal facies.—There seems to be very little change in
the composition and texture of the Princeton quartz monzonite
in most places as the border is approached, except in the Chalk
Creek district near the Pomeroy quartz monzonite. Here, while
the rock for several hundred feet is more granitic in composition,
it evidently passes, toward the northwest, into the typical quartz
monzonite by the gradual increase of plagioclase and decrease
of orthoclase and quartz.

This marginal facies is porphyritie, having phenocrysts of
pink orthoclase, greenish-white plagioclase, and biotite. The
phanerocrystalline groundmass is composed essentially of
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graphically intergrown quartz and orthoclase. This variety is
separated from the Pomeroy quartz monzonite by ., a granite
porphyry zone several yards wide. The granite porphyry carries
phenocrysts of orthoclase, plagioclase, and biotite in a fine-
granular to microgranular groundmass composed chiefly of quartz
and orthoclase. There is evidently a sharp contact between this
porphyry and the Pomeroy quartz monzonite, but the relation
to the granitic facies of the Princeton quartz monzonite'is not
quite clear. The granite porphyry is very probably an extreme
marginal facies of the Princeton quartz monzonite, yet it may
possibly be a later intrusion.

Structure.—Nearly everywhere the Princeton quartz mou-
zonite is massive and shows no evidence of regional meta-
morphism. On the south slope of Mount Etna, however, shearing
stresses have produced a slight directional structure and
numerous small fractures. Farther northeast the same rock,
in contact with the wide dike of porphyry, has undergone shear-
ing and fracturing, with much grinding. No regular system of
jointing has been observed. Joint-blocks of any size up to fifteen
feet in diameter may be seen.

West and northwest of Whitepine, in the Chalk Creek dis-
trict, and on the southwest slope of Taylor Mountain, are a
number of quartz veins filling fissures which were probably
formed by the contraction of the quartz monzonite while it was
crystallizing and cooling. Several workable ore bodies have been
discovered in these veins.

Inclusions.—On the northeast shoulder of Taylor Mountain
the quartz monzonite incloses a block of the Paleozoic sediments
several feet across. Southeast of Mount Stella, in the vicinity of
the diorite stock, from the contact to half a mile distant, small,
angular fragments of dark, fine-grained rock may be seen in the
monzonite. These are very probably fragments of the diorite
picked up by the monzonite at the time of intrusion.

Another class of dark-colored inclusions occasionally seen,
especially on Taylor Mountain, shows in thin section a larger pro-
portion of biotite, hornblende, plagioclase, and apatite than is
found in the inclosing rock. These inclusions are from an inch
to a few inches in diameter. Unlike the inclusions of quartz
diorite mentioned above, they have curved outlines and grade,
though rapidly, into the quartz monzonite. Their composition
and the nature of their boundaries indicate that they are segre-
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gations of the earlier-formed minerals in the monzonitic magma,
that is, “basic secretions.”

Apophyses and complementary dikes.—On the south and
east slopes of Taylor Mountain and north of Boss Lake
apophyses from the quartz monzonite mass extend into the sedi-
mertary rocks. In some cases these dikes are roughly parallel
to the border of the parent body and in a few instances there
is no observed connection with the main body at the surface.
The rock of most of these dikes is finer in texture and more
acidic than the main mass. It ranges from a biotite granite to
alaskite. Inclusions of the sedimentary rocks are common. Some
of these dikes, even though but a few feet wide, carry parallel
dikes or veins of pegmatite. Pegmatite veins extend also into
the contact-metamorphosed sedimentary rocks, where they may
be from a fraction of an inch to a foot or more in width. Ex-
amples of this may be seen on the south wall of the spillway of
Boss Lake, where the largest vein varies in width from three
to. ten inches. This vein shows feldspar with a little quartz at
the sides, and, at the center, quartz with a little feldspar together
with black tourmaline, biotite, and muscovite.

In the exposures of quartz monzonite proper, pegmatite dikes
were not observed. There are, however, occasional narrow dikes
of aplite composed essentially of xenomorphic grains of quartz
and alkali feldspar. In the one thin section examined, an aggre-
gate of @ few grains of pyroxene having the double refraction of
diopside, was seen.

Age relations.—The quartz monzonite is intrusive into the
youngest consolidated sediments in the region and is therefore
much younger than the known Pennsylvanian. Since it incloses
fragments of the quartz diorite of Mount Stella and has caused
fracturing and shearing of the quartz monzonite gneiss at the
contact it was intruded subsequently to both of the rocks named.
It is older than the post-Carboniferous granite which incloses
masses of the quartz monzonite into which dikelets of the granite
penetrate. The existence of marginal facies in Grizzly and
Pomeroy gulches suggests that it was intruded later than the
Pomeroy quartz monzonite.

Chemical and mineral composition—The analysis of a speci-
men of the quartz monzonite of Taylor Mountain is given in
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column 1 of the table below. The analysis of one of Brogger’s'
typical quartz monzonites is given in column 2.

Analyses of quartz monzonites

1 2 1 2
SI@s 67.64 68.97 H0 — e 13 70
ANEO= 8 s vt 14.75 14.80 Ho O . A .19 3
BesDy 7o 81 R TR 1.36
BeO:. i r e 1.95 i Zir 0, St trace
MeQ e 94 il IS e p e e 20 |
Ca@ros, 5 i 200 3.98 3.82 G e .08
N O s e 3.40 2.46 M OE T8 AT
15670 SRR o Sl e - 4.06 4.53 99.76

1. Princeton guartz monzonite, Taylor Mountain, Monarch district, Colo-
rado. R. M. Butters, analyst.

2. Adamellite (quartz monzonite), Landsberg bei Barr, Vogesen, Unger
(Rosenbusch). Brogger, W. C., loc. cit.

The norm is as follows:

Norm of quartz monzonite of Taylor Mountain

QUUATTZ - o5 v vid sonmsses et s A e ab s o e mks T i 23.16
OEhOCIASE S Sl va t o el e e st 24.46
AT GO i o & B sasscoms ool o6 A e e o e e 28.82
AMOTTHATEE o5t v a7 0 < 2w e S e bt L Ve 12.79
e 013 K N N o e - S el e A 4.94
Hypersthene .« . wo o wnmn -« ste o s oostormis e i agein 1.20
MEEHetIEe: st s sani v e 1.16
0 23 0T e o e S ol R oAl 2.60
APATIEE e e, s s e e S .31

99.44

In the quantitative system the rock is toscanose.

The actual mineral composition in percentages by weight, as
determined by the Rosiwal method, is given in the table below.
For the microscopic measurements, four thin sections, taken from
the specimen analyzed, were used. Omne of these had an average
diameter of two centimeters while the others were considerably
smaller. A total distance of 173.94 mm. was covered in 352
measurements.

1Brogger, W. C., Die Eruptionsfolge der triadischen Eruptivgesteine bei
Predazzo in Sudtyrol, 1895, p. 62.
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Mineral composition of quartz monzonite of Taylor Mountain

O 7 s e e e o e o a5 ot a5 e 5 5 s 18.8
O HNOCEAS e e S i et e et s e . 9548
Bl OCIaSE . i s o bl o o s S was s 42.5
Hormblende sn:. e S X i tan® St 2.9
1B i e e e T i, o M S 8.2
Pl ON O e e st o o e 1.2
AL R e e e e et S SR DR .6

100.0

It is probable that the titanite for the average rock is
somewhat higher than determined. Some of the specimens from
other parts of the region are somewhat more dioritic than the
specimen analyzed. Although this rock contains more plagio-
clase than Brogger’s typical quartz monzonite, it easily comes
within the limits of quartz monzonite as the term is now used by
the United States Geological Survey. The writer would prefer
the much abused, sometimes restricted, and now seldom used
name granodiorite for a rock of this character.

QUARTZ MONZONITE GNEISS

Distribution.—A body of this rock extends from the south
slope of Mount Etna northeastward over five miles into the
margin of Browns Gulch. The exposure is continuous, excepting
a small area northwest of Taylor Mountain and another area in
the vicinity of Shavano, where debris covers the surface. A
narrow strip of the same gneiss can be traced from the south-
west slope of Shavano Mountain toward the northeast about
four miles. Several small masses of the same rock are inclosed
by the breccia and porphyry north of Clover Mountain. What
is probably a facies of the same rock is seen on the northeast
slope of Clover Mountain. Several smaller masses, one of which
is shown on the map, are inclosed by the andesite on the south
and west slopes of Calico Mountain.

That the gneiss was originally of much greater extent than
at present, is indicated by the separation of the two largest bodies
by a later intrusion of quartz monzonite and by the occurrence
of many inclusions of the gneiss in the younger rocks, over a con-
siderable area.

Age—The gneiss is clearly older than the Princeton quartz
monzonite, as shown by the sheared and granulated character of
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the gneiss in contact with the monzonite. On the divide near
the extreme northeast corner of the largest gneiss area, a small
body of massive quartz monzonite may be seen between the gneiss
and the wide dike of porphyry. For fifty feet or more from the
monzonite, the gneiss is much fractured and has almost com-
pletely lost its original directional structure. The gneiss has a
similar character on the ridge east of Jennings Gulch where it
is in contact with the massive quartz monzonite. In the first
examination on the east slope of Mount Etna the gneiss was
supposed to be a border facies of the massive quartz monzonite,*
but observation over wider areas, including exposures at the con-
tact, and also microscopic study, show the two rocks to be dis-
tinct from each other.

On the southwest slope of Calico Mountain the gneiss is in
eruptive contact with quartzite and baked shale, which are
penetrated by apophyses of the gneiss stock. The shale, aside
from its extreme-alteration, is lithologically similar to. the
Pennsylvanian shale on Syncline Hill. It is almost certainly not
older than Pennsylvanian, since nowhere in the sedimentary
areas of the region has older shale been seen, excepting a few
thinner Paleozoic strata. The occurrence of a large inclusion of
probable Ouray limestone about a quarter of a mile down the
slope also suggests that the shale on Calico Mountain is of Penn-
sylvanian age. From these observations it is concluded that
the-gneiss is at least younger than the early Pennsylvanian and
may be much younger.

Further evidence, though not proof, that the gneiss is
younger than the Paleozoic sediments is found in other parts of
the district. On the south slope of Mount Etna the gneiss is ex-
posed but a few yards north of an outcrop of metamorphosed
sediments. The contact between the two is concealed by debris,
but when the structure of the region as a whole is considered, the
evidence is strong that this sedimentary remnant was once a part
of a westward-dipping series which did not overlie the gneiss.
North of Clover Mountain large masses of gneiss are inclosed by
the breccia in close proximity to masses of sedimentary rocks
which are probably late Paleozoic. Not far east of the largest
body of gneiss is part of the westward-dipping limb of what was
once a syncline. Although the gneiss is now separated from the

1Bull. 1, Colo, Geol. Survey, p. 18.

-
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sedimentary rocks by a later intrusion of quartz monzonite, the
relationships are such that Paleozoic sediments must have once
occupied the present position of much of the gneiss. The facts
observed point to the conclusion that the gneiss came into its
present position subsequently to, or synchronously with, the fold-
ing of the Paleozoic beds.

Description.—The megascopic constituents of the gneiss are
predominant gray to white feldspar, much quartz, and some
biotite. Everywhere, excepting near the contact with later in-
trusives, the rock is distinctly foliated. The light minerals are
in lens-like forms, many of which are two inches in diameter,
although most of them are smaller; the longest diameter of a
few lenses is about three inches. The biotite occurs in bands
and more or less lenticular aggregates (Pl. XI). The rock has a
far coarser texture than any other in the district, excepting the
pegmatite. The great majority of the light-colored lenses are
made up of granular aggregates of feldspar or feldspar and
quartz. Not a few are composed of a single individual of feld-
spar, ungranulated, excepting where it is ‘more or less pinched
at the extremities. A few single ungranulated phenocrystic
feldspars show automorphic forms. Several of the last two
varieties were noticed composed of single crystals two to three
inches long and one-half to three-quarters of an inch thick. The
ungranulated character is shown by the uniform reflection of
light from a single cleavage face extending nearly or quite across
the crystal. A few crystals are twinned after the Carlsbad law.

The direction of easiest cleavage of the rock is, in general,
roughly parallel to the wide dike of porphyry which separates
the largest body of gneiss from the Princeton quartz monzonite.
A record was kept of a large number of determinations of the
dip and strike of the foliation. The strike mainly varies from
N. 10° W. to N. 40° E.; the dip is commonly between 50° and
90° westward. There are local deviations from the range of dip
and strike given, near the quartz monzonite contact east of the
head of Jennings Gulch where in one instance the foliation
dips 30° S. 60° E.

In texture and structure this rock resembles a porphyritic
granite gneiss (“Stony Creek granite gneiss”) quarried at Hoadly
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Point, Connecticut, and described by Gregory,® by "Loughlin?
and by Dale and Gregory.? A photograph of specimens of the
Connecticut rock shown on Plate IV of Dale and Gregory’s re-
port could scarcely be distinguished from photographs of selected
specimens of the Monarch gneiss.

In thin section zircon, apatite, titanite, allanite, iron ore,
hornblende, biotite, plagioclase, orthoclase, microcline, and
quartz are seen.

Zircon and apatite occur in almost negligible quantity; a
few of the apatites are long and needle-like. Titanite is a plen-
tiful accessory in anhedrons of considerable size. Allanite is
rare in small, pleochroic grains. Black iron ore varies greatly
in amount in different slides and is largely secondary. It is
partly magnetite which shows only a weak titanium reaction.

In the slides examined, hornblende is present in less quantity
than allanite. Only one crystal was seen. This is bright green
and strongly pleochroic. The brown, pleochroic biotite is more
or less altered to chlorite with separated magnetite.

Plagioclase is probably somewhat in excess of potash feld-
spar in the sections studied. It is practically homogeneous as
shown by the absence of zonal structure. A combination of peri-
cline and albite twinning is seen in the majority of individuals.
Carlsbad twins are combined with one or both of the other
varieties of twins in a few grains. Measurements according to
the Michel-Lévy method show the plagioclase to be andesine
having the composition of about Ab,An,.

Orthoclase and microcline form the largest grains and phen-
ocrysts of the rock. Near the border of the orthoclase grains
micrographic intergrowths with quartz are common, although
on a minute scale. The quartz carries abundant liquid inclu-
sions and generally shows unduhtory extinction.

Contact phenomena. — On the southwest slope of Cahco
Mountain the gneiss may be seen in contact with baked shale
whose baking was doubtless effected by the heat of the quartz
monzonite gneiss intrusion. All the shale of this area seems to
be equally affected whether at the immediate contact or distant
100 feet or more. Dikes and sheets, apophyses of the gneiss

1Rice, W. N., and Gregory, H. E., Manual of the geology of Connecticut;
Conn. State Geol. and Nat. Hist. Survey, 1906, Bull. 6, p. 147.

2Barrell, Joseph, and Loughlin, G. F., The lithology of Connecticut: Conn
State Geol. and Nat. Hist. Survey, 1910, Bull. 13, p. 174.

3Dale, T. N., and Gregory, H. E., The granites of Connecticut: Bull. U. S
Geol. Survey No. 484, 1911, pp. 24, 85, and Pl. IV, A.
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stock, penetrate the sediments. These dikes and sheets range
in thickness from two to thirty feet, or more. The texture of the
rock in these apophyses ranges from fairly coarse gneiss to a
porphyry having large feldspar and quartz phenocrysts in a fine-
granular groundmass. The gneiss of the rock itself at the im-
mediate contact, differs little, if any, from the typical gneiss
described.

Clover Mountain variety.—The small area mapped as quartz
monzonite gneiss on the northeast slope of Clover Mountain is
more dioritic in appearance than the type described, though it is
probably a facies of the same rock. It is composed essentially
of feldspar, quartz, and much biotite. Megascopically it re-
sembles the “pinto diorite” of the Little Belt Mountains, Mon-
tana, described by Pirsson,® but probably has a more pronounced
directional structure.

Microscopically it differs from the gneiss described in the
arrangement of the biotite and the character of the feldspars.
Although the biotite aggregates tend to rough parallelism, more
noticeable are the ring-like forms of these aggregates, suggesting
an accommodation to the small spheroidal masses of quartz and
feldspar. The feldspar is largely plagioclase with very thin
albite lamelle and low extinction angles. Orthoclase and micro-
cline are present in very small quantity. Much alteration of the
feldspars and biotite has given rise to kaolin, epidote, chlorite,
and iron ore.

Cause of foliation.—Although the gneiss is everywhere dis-
tinctly foliated, except locally near the Princeton quartz mon-
zonite where it has lost its original directional structure, it
nowhere possesses the folded or contorted character so often seen
in the highly metamorphosed pre-Cambrian gneisses. The ob-
servations noted in the following paragraphs indicate that the
directional structure was brought about, in large part, by the
flow of the magma while in a viscous and partly crystallized
state.

1. The planes of foliation are roughly parallel to the south-
east contact of the stock, which probably has now very nearly
the same dip and strike that the contact had when the gneiss
was first intruded. ‘

1Pirsson, L. V., Petrography of the igneous rocks of the Little Belt Moun-
tains, Montana: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 488.
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2. The pre-Cambrian granite on and near Missouri Hill,
within a mile of the gneiss, shows little or no gneissoid structure.
Wherever the pre-Cambrian granite is gneissoid in this region,
it is only in small areas.

3. On Calico Mountain the gneissic rock is found in im-
mediate contact with Paleozoic shales which furnish no evidence
of pronounced dynamic metamorphism. Had dynamic forces
imposed on the igneous rock its gneissoid structure after the
rock had cooled, it is highly probable that a slaty cleavage would
have been simultaneously developed in the shales.

4. Large, uncrushed feldspar crystals with their long
diameters in the plane of foliation, when taken with the many
nearly granular lenses of feldspar, indicate that movement
occurred after crystallization was well begun. Evidently crystals
which had formed with their long diameters inclined at a high
angle to the direction of flow, or movement, were rotated and
more or less crushed, while those which were oriented in the
direction of movement escaped distortion.

That there has also been some slight dynamic metamorphism
of the rock since crystallization was complete, is indicated by
the undulatory extinction of the quartz and the presence of much
microcline. The lenticular character of the rock might be at-
tributed to severe dynamic stresses after complete crystallization
if the geologic relations did not make such an origin improbable.

Chemical and mineral composition.—The following is the
analysis of a specimen of quartz monzonite gneiss taken from a
prospect in Jennings Gulch:

Analysis of quartz monzonite gneiss of Jennings Gulch
[R. M. Butters, Analyst]

1350 S ETE S TPl o P S (7 B B i e i e 0.14
AU O T o B ey il o e e, 165088 (G HL O e nn i s, oW A it s 0.21
e O s e e ey 0:83 1" THO R e m e Son o e s s 1315
O i i o s e ortn s e S 21027 (ST C) o B, e e R G e trace
MEON  vivie aisi e e 4T e {0y b B e o b s o 0.12
A5 5 ot ks Tl o S T ot 286 P C T e s e e e 0.01
N B O e o i o s st e s 20108 1\ 00 e R e e R none
RO o e e e 411 F

100.24

The norm of the quartz monzonite gneiss, according to the
quantitative system, is as follows:
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Norm of quartz monzonite gneiss of Jennings Gulch

(DR g S e R, S oat LA B Yk S ISRk g 20.94
OTLNOCIASE . it il o s Al n 2 iare s & wxwios 24.46
PATDILE e St oD B el R e i e e e 34.58
SRRk e i SO et S 3.34
I e S e e e o s v e - 2.99
W (e R el P rr g et i B ol I S 1.16
TIMENATER. 5 s on il s a5 s S oo & e o 2.13
A s e e s s s o7 Ssmoss T e 0.3
gai91: #

This norm corresponds to toscanose.

The mode, or actual mineral composition, calculated from
the chemical analysis, is given below. In the calculation enough
soda was used to satisfy the lime in the formation of andesine
having the composition of Ab,An,, since optical determinations
show the plagioclase to have approximately this composition.
The rest of the soda was combined, in the calculation, with
potash in the alkalic feldspar.

Mineral composition of quartz monzonite gneiss of Jennings Gulch

R 0 A e e et e B0 Sy P Gl e o 22.86
ATRATIC L ETd ST, el ooy e aist s 5 aesee 4 s reis s 31.57
Andesine, A, ATy - ne o 36.09
B OO T it s Toeas Lo e e S i etcer 6.52
RCATIIEES 5% o s st e o 2 SO sy sl 0.59
INaTTIEtite b s b e e o o e e 0.70
IEIAETIILE S v e atss woh ol b s e TR Rs e & 1.22
PATD A IECE M orire St o e s s, e a0 S e 0.31

5 99.86

GRANITE

Granite is exposed on both sides of Browns Gulch near the
north border of the field. Its boundary was not traced beyond
the limits of the map, but the color contrast on Antero and White
mountains, as seen from a- distance, would indicate that the
granite is in contact with the Princeton quartz monzonite about
a mile and a half or two miles north of Browns Gulch. = A smaller
stock is found north of North Fork.

Age relations—South of Browns ‘Creek, near the con-
tact between the granite and Princeton quartz monzonite, are
boulders which show the granite porphyry facies of the granite in
dikelets penetrating the quartz monzonite. North of the creek
in the granite is a large xenolith of the same quartz monzonite
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penetrated by numerous dikelets of granite. In Browns Gulch
a large mass of Pomeroy quartz monzonite which is surrounded
by the granite, is also cut by a dikelet of the granite. From
these observations it is inferred that the granite is younger than
both types of quartz monzonite.

Description.—The granite is coarse in texture, having a large
proportion of the grains over five millimeters in diameter. White
feldspar with sometimes a pink tinge, quartz, and biotite can
readily be seen with the naked eye. Feldspar composes nearly
two-thirds of the rock and quartz is abundant, while bictite is
present in small quantity. As far as observed the granite is
massive with no megascopic evidence of dynamic metamorphism.
It is commonly even-granular, but near the west border at the
north side of Browns Gulch a facies carries small quartz pheno-
crysts in a groundmass almost phanerocrystalline.

The very light color, almost white, is noticeable for a long
distance; the glare at short range in the sunlight is extreme.
‘Weathering has produced, on the gentler slopes, angular frag-
ments of feldspar and of quartz which, in water-courses, form
a bed of almost dazzling whiteness.

The granite on White Mountain has furnished crystals of
beryl, phenacite, topaz, and other minerals which, according to
Sterrett,t occur in miarolitic cavities. Just north of Browns
Gulch in the area surveyed were found fragments of granite
carrying small crystals of beryl and quartz. The shape and
arrangement of these crystals point to their formation in a cavity.

Thin sections of the granite show apatite, zircon, titanite,
biotite, plagioclase, microperthite, potash feldspars, and quartz,
besides secondary iron ore, chlorite, and muscovite.

Apatite is very rare in minute crystals. Zircon is present
in small prismatic crystals about five times as long as thick. The
titanite is much altered to a yellowish substance bordered by
black iron ore.

Biotite is relatively unimportant and has the usual appear-
ance of biotite of ordinary granites. Alteration has given rise
to chlorite and iron ore in some flakes; in others, muscovite and
iron ore have been formed. A few individuals show chlorite
alternating with muscovite.

1Sterrett, D. B., Precious stones: Mineral Resources U. S, for 1908, U. S.
Geol. Survey, pt. 2, 1909, pp. 809-811.
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Plagioclase is abundant and scarcely exceeded by the com-
bined amounts of orthoclase and microcline in the slides exam-
ined. It forms individual anhedrons and is also microperthit-
ically intergrown with orthoclase and microcline. Carlsbad twins
can be detected with difficulty, except in sections inclined to the
zone (100) (001). Two individuals were noted which combine
albite and Carlsbad twins; they have practically parallel extinc-
tion and show very slight difference in color between the Carlsbad
halves when rotated 45° from the position of extinction. These
might be either albite sections normal to (100) (010) or oligo-
clase. Several other sections normal to the albite lamellee, and
showing no Carlsbad twinning, extinguish at 10° to 15°. The
highest index of refraction, as determined by the Becke method,

" is less than the mean refractive index of quartz. These are prop-
erties of albite; the chemical analysis shows that it contains an
admixture of the anorthite molecule.

Orthoclase appears in less quantity than either albite or
microcline. It is occasionally twinned after the Carlsbad law.
The extremely fine twinning of the microcline suggests a soda
variety. This feldspar is more generally intergrown with albite
than is the orthoclase in the slides examined. A small quantity
of sericite has been developed through the weathering of all the
feldspars. The quartz forms micrographic intergrowths with all

* the feldspars, though not commonly with the albite. Liquid in-
clusions are common. A few grains show undulatory extinction
as the result of slight dynamic stresses.

Chemical and mineral composition.—In the table below are
given the analysis of a specimen of the granite from Browns Gulch
and the analysis of the nevadite, or granite porphyry, of Chalk
Mountain, in the Leadville region. Specimens of the Chalk Moun-
tain rock and of the granite porphyry marginal facies of the
Browns Gulch granite are megascopically very similar.
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Analyses of granites and granite porphyry

il 2 3

SO et ot o e s S S e e R e 74.97 74.40 | 74.45
AL O e Rt o L e e S i e e 13.67 13.91 14.72
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HQO—’ ................................... 0.10 ?
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99.72 100.25 100.38

1. Granite, Browns Gulch, Colo. R. M. Butters, analyst.

2. Alkali granite with some amphibole and pyroxene. Ragunda, Jemtland,
Sweden. Rosenbusch; H., Elemente der Gesteinslehre, 3d ed., 1910, p. 86.

3. Nevadite (granite porphyry), Chalk Mountain, Colo. W. F. Hillebrand,
analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, 1886, p. 349; Bull.
U. S. Geol. Survey No. 150, 1898, p. 164; Clarke, F. W., Bull. U. S. Geol. Survey
No. 419, 1910, p. 109.

Rosenbusch® objects to the name alkali granite for a rock
having this chemical composition, unless it carries alkalic amphi-
boles or pyroxenes. Professor Pirsson® sees no objection to call-
ing such a rock an alkalic granite when we know the chemical and
mineral composition, independently of the eyidence furnished by
the presence of alkalic amphiboles or pyroxenes. He would con-
sider this rock an alkalic, potassic granite, in which biotite has
been developed instead of alkalic amphiboles, owing to the high
content of potash and conditions of crystallization, whereas in
strongly sodic magmas alkali amphiboles or pyroxenes are com-
monly formed.

The following is the norm of this granite according to the
quantitative system:

11.0ss on ignition.

2 Rosenbusch, H., Mikroscopische Physiographie der massige Gesteine, 4th
ed., 1907, vol. 2, p. 71.

3 Personal communication.
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Norm of granite of Browns Gulch

Quartz=". . ... O e R T e e TR 29.82
(0§l 00 Tel Tt el e e el M By 35.03
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This norm corresponds to liparose.

The mode, or actual mineral composition, of the granite, as
computed from the chemical analysis, is as follows:

Mineral composition of granite of Browns Gulch

(DR A o e D A R i e Lo s e e 30.3
Al e e ld S AT T s s enre s o el aimiats s Alerats s ol 65.48
B0 e i bl o e i s A i e 2.86
(Sl N S e b Bl R e o e O ST A 0.15
RIT DS el TR e S SR et e e e e 0.78
99.63

The biotite was assumed to have a composition similar to that
noted on page 137. In the calculation it was necessary to make a
slight readjustment among the molecules of magnesia, ferrous
oxide, and ferric oxide. There was also an excess of .61 per cent
alumina which was included in the biotite, in the calculation.

ETNA QUARTZ MONZONITE PORPHYRY

Name.—For purposes of reference, the prefix Etna is here
used to distinguish the commonest type of quartz monzonite por-
phyry, whose occurrence is stated below, from the several varieties
found in small stocks and narrow dikes in the area mapped. The
Etna quartz monzonite porphyry is often locally called Etna
granite.

Occurrence.—The bulk of Mount Etna and Monumental
Mountain is composed of quartz monzonite porphyry which forms
an irregularly shaped stock more than two miles in diameter. A
much smaller stock is found northeast of Tomichi. The same rock
forms a strong dike extending northeast and southwest from the
largest stock. The width of this dike varies from a few feet to
several hundred feet, while the distance between the extremities is

10rthoclase molecule 33.92, albite molecule 29.34, anorthite molecule 2.22.
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about eight and one-half miles. The rock of a few small dikes is
very similar to the Etna porphyry.

Age relations. — This rock is clearly younger than the .
Princeton quaftz monzonite and the quartz latite porphyry. At
two different points between North Fork and Browns Gulch the
wide dike breaks through the quartz monzonite. The quartz mon-
zonite, at these points and elsewhere near the contact with the
porphyry dike, has been considerably sheared and fractured. It
also contains, in several places, dark, narrow streaks of aphanitic
rock which may possibly be crushed quartz monzonite, but is
more probably material that was injected along fracture lines
at the time of the porphyry intrusion.

On the slopes of Monumental Mountain are frequently seen
boulders in which the quartz monzonite porphyry incloses small
fragments of quartz latite porphyry. High on the southwest
slope of the same mountain, near the trail shown on the map, at
the contact between the two rocks, dikelets of the coarse quartz
monzonite porphyry are seen penetrating the much finer-textured
quartz latite porphyry.

Description.—This porphyry shows megascopic orthoclase,
plagioclase, quartz, biotite, hornblende, and titanite. “Orthoclase
forms the largest phenocrysts, which have a diameter of less than
half an inch to two inches (about 10 to 50 mm.). The average is
probably a little less than one inch. These phenocrysts are com-
monly pink, but are bluish in parts of the dike north of North
Fork. Carlsbad twins are sometimes seen. Some crystals of
orthoclase inclose megascopic crystals of the other constituents. In
the interspaces among the orthoclase phenocrysts are crystals of
plagioclase, quartz, biotite; and hornblende, with a small quantity
of groundmass. This is by far the coarsest-grained porphyry in the
region mapped. (See Pl. XI.) The plagioclase phenocrysts, which
are white to bluish, are commonly less than ten millimeters in
diameter. Both Carlsbad and albite twins can be seen in some
crystals with the naked eye. The quartz phenocrysts have a
slightly larger average size than the plagioclase, but constitute
a far smaller volume. The orthoclase, plagioclase, and hornblende
phenocrysts have well-developed crystal forms; the quartzes are
commonly rounded by resorption.

In most of the thin sections iron ore, titanite, hornblende,
biotite, quartz, plagioclase, and alkalic feldspar are seen. Apatite
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and zircon are less common. Iron ore and titanite have their
usual habit.

The phenocrystic hornblende forms small automorphic crys-
tals. It is ordinarily bright green, but a few crystals are brown.
Biotite is present in ragged flakes and in well-defined crystals
with hexagonal outline. Hornblende and biotite vary greatly in
relative amount. Here one, there the other, dominates.

The plagioclase phenocrysts micropoikilitically inclose crys-
tals of titanite and iron ore, flakes of biotite, and grains of quartz.
The common albite twinning is combined in some crystals with
Carlsbad twins, giving an opportunity to determine specifically
the feldspar by the Michel-Lévy method. Crystals so determined
are, at the center, labradorite having the composition Ab,An; to
Ab,An,. Some crystals have an outer zone of more acid feldspar.
Zoned crystals are common, but, as a rule, there is very little
difference in the composition of different zones.

The orthoclase phenocrysts, aside from the numerous inclu-
sions, are homogeneous, but the chemical analysis shows con-
siderable soda. Clinopinacoidal sections extinguish at +9° from
the trace of the basal cleavage. The position and small size of
the plagioclase crystals, as seen in the hand specimen, suggest
that they had crystallized after the orthoclase. But their auto-
morphic forms and common occurrence as inclusions in the ortho-
clase crystals indicate that crystallization of the plagioclase was,
in large part, prior to that of the orthoclase.

The quartz phenocrysts are rounded and embayed by re-
solution. They show inclusions of apatite, zircon, hornblende,
groundmass, and liquid.

The groundmass is variable in habit. It is mainly composed
of quartz and orthoclase, with small quantities of plagioclase,
biotite, and hornblende. It is largely microgranitie, but micro-
graphic intergrowths of quartz and orthoclase are not uncommon.

Chemical and mineral composition.—Column 1 of the table
below is the analysis of a specimen taken from a prospect on the
northeast slope of Clover Mountain. Column 2 shows the compo-
sition of a somewhat similar but finer-grained porphyry from the
Breckenridge distriet, Colorado.
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Analyses of quartz monzonite porphyries and orthoclase

1 2 3 4 5

Si05 humr e 66.71 68.14 63.20 65.04 64.7
A @, R e, - I 15.04 15.29 19.58 20.40 18.4
Ble, O ot T S R 0.92 0.35 0.30
R0 s T et 6, S0 1.74 1.66
{0 B I i S Sl St 1.53 0.26 S s
Gl P S e e T P 2.92 3.03 0.75 0.79
I D7 o T IS 3.37 3.59 2.27 411 S
RGO P s oot oo < o 1 5.04 4.07 12.96 9.74 16.9
HGO -5 5 e, e o B B, 0.34 0.40
IO 5 e S 043 | 039 f b =
O e e okt 1.29 0.36
YO 75 SR A e ST none 0.01
O I e i 0.20 0.17
@l o e S e O e 3 0.04 s
MO S e e 0.46 0.12
Remainder ............... b iy 1.81

100.03 99.65 99.50 100.37 100.00

1. Quartz monzonite porphyry, Clover Mountain, Colo. R. M. Butters,
analyst.

2. Quartz monzonite porphyry, Browns Gulch, Breckenridge district, Colo.
%HC. WeSIls, analyst. Ransome, F. R., Prof. Paper U. S. Geol. Survey No. 75,
, D. 45.

3. Pink orthoclase extracted from No. 1. R. M. Butters, analyst.

4. Orthoclase from nevadite of Chalk Mountain, Leadyille region, Colo.
‘W. F. Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12,
1886, p. 349. Bull. U. S. Geol. Survey No. 419, 1910, pp. 109, 257.

5. Theoretical composition of orthoclase.

An analysis, by Mr. Butters, of the pink orthoclase from the
quartz monzonite porphyry is shown in column 3 of the table
above. The sample was carefully selected under a strong lens,
by the writer, after crushing and bolting selected fragments of
the phenocrysts. The contrast in color between the pink ortho-
clase and white plagioclase permitted the selection of pink homo-
geneous feldspar with no plagioclase. Every doubtful grain was
discarded. The chemical analysis was made with extreme care.
The result shows that the molecular ratio of Na,O to K,O is
nearly .27, while the ratio of CaO to K,O is about .094.

Column 4 shows the composition of a feldspar crystal from
the nevadite of Chalk Mountain, Colorado, which contains .83
per cent lime, 3.97 per cent soda, and 4.53 per cent potash.! By
comparison of the analyses it is seen that the amount of soda and
lime in the feldspar of the Etna porphyry is much less than that

1See p. 154, this bulletin.
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in the feldspar of the nevadite in proportion to the relative
amounts of these oxides in the containing rocks. This difference
may have been caused by the early crystallization of the plagio-
clase in the Etna porphyry, which left the residual solution
relatively poor in lime and soda and rich in potash.

The following is the norm of the Etna porphyry according
to the quantitative system :

Norm of Etna porphyry of Clover Mountain

OUIATEZY Foiis 7 ol B e o s o i@ 7% Wi s 4 S T 20.10
OO SO Wyt ke T g T s 29.47
A DI s e e b el e Telars bt o e o 13 e 28.30
Anorthite .......... e O 11.12
1B Ieh o1 HalEo R WE S e B el S 8 il e BT T 2.24
Hypensthiene: (s Suits st iisrs e i s < aesos 3.86
IMaenEtIEeser i rdcSesivn = retates T8N S rivis —oo 7 1l
0O 0 e S i B 4 G R R e T & rw ol 2.43
A D A e s T e e el e L e Ao et b e o 0.31
99.22

This norm corresponds to toscanose.

Below is the mineral composition of the Etna porphyry, as
calculated from the chemical analysis. The orthoclase, as given
*in the table, contains the same proportions of soda and lime as
the chemical analysis shows.

Mineral composition of Etna porphyry of Clover Mountain

R A B e T e ol s B 21.84

(O o al e e s, S s C O A S v 32.42
Plagioclase (average Ab,,An;)............. 30.35

123 o T R TR e Aot it e B P, 735

i 15K a] o1 =Y o Ve HErmeie e e (O MR SR e T M 3.60
IV R 3= 1 =W e e e e 0.70
G20 2 Pt o e s B Cr il oS A e 0.76

B e 0 e o i e e PR o o8 B R e 1.37

AN ANIEE s el o s e e A £ e 0.31
99.30

This rock corresponds very closely, in mineral composition,
to Brogger’s quartz monzonites, having approximately equal
amounts of orthoclase and plagioclase.

OTHER VARIETIES OF QUARTZ MONZONITE PORPHYRY

Porphyries of a few small areas mapped as quartz monzonite
porphyry do not conform to the type described.
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The dike-like stock near the head of Tomichi Creek is partly
composed of porphyry that does not differ essentially from the
Etna type. Most of the body, however, is made up of a variety
which was probably intruded independently and differs from
the tna type chiefly in that the groundmass forms a much greater
proportion of the rock, and the phenocrysts are smaller, while
orthoclase and quartz phenocrysts are few in number.

The small occurrence on the north slope of Contact Hill and
the one just north of Bonanza Creek are probably parts of a
single intrusion which is mostly covered by slope-wash and allu-
vium. This rock carries numerous large quartz phenocrysts and
a few badly weathered feldspars in a dense, greenish-gray ground-
mass. No thin section of the rock was made.

The small area mapped as quartz monzonite porphyry a mile
and a half northwest of Shavano Mountain contains two varieties
which could not be readily separated in the mapping. One car-
ries numerous bluish plagioclase phenocrysts three to five milli-
meters in diameter, and a few biotite erystals, in a rather coarse
microgranitic groundmass of quartz and orthoclase. The second
‘variety, whicl is essentially a granite porphyry, carries a few
very small phenocrysts of biotite and acid plagioclase in a micro-
granitic groundmass composed chiefly of quartz and orthoclase,
with a few titanite crystals.

ROCKS OF THE CHONOLITHS
ANDESITE

Occurrence.—Andesite is exposed throughout an area more
than a mile in average width and about four miles in length,
extending from Browns Gulch southwest nearly to the divide
between the North and Middle forks. On the northwest side the
contact between the andesité and underlying quartz monzonite
dips southeastward 40° to 45°. On the southeast the andesite-
gneiss contact is about vertical. At least the upper part of the
andesite mass, therefore, is wedge-shaped, growing narrower down-
ward. Itis probable that the andesite was injected as a chonolith
under a comparatively thin cover. This is suggested by the
texture of the rock, while the relation of the andesite to the
surrounding rocks all but precludes its having been extruded at
the surface.

The tongue of rock extending from the andesite area west:
ward between the quartz monzonite and quartz latite porphyry
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i slightly coarser in texture than the andesite proper and carries
considerable quartz as phenocrysts or inclusions. The rock is too
badly weathered to be named exactly but it is probably a dacite.
Whether this rock is a phase of the andesite or was intruded
independently, is not clear. There has been much brecciation in
this zone, and fragments of both the andesite and the dacitic rock
are cemented by a finer andesitic matrix.

Age relations.—The andesite is younger than the quartz
monzonite gneiss, of which it incloses large xenoliths on the south
and west slopes of Calico Mountain. It is probably much younger
than the youngest plutonic rock of the region, but of this there
is no proof. A mile and a quarter northwest of Mount Etna,
boulders of breccia show many fragments of both andesite and
the dacitic rock in a matrix of quartz latite porphyry. From this
it is inferred that the andesite is older than the quartz latite
porphyry. '

Description.—The freshest rock is dark gray and has a dense
groundmass which is far greater in volume than the phenocrysts.
Many small phenocrysts of feldspar and of biotite, having a maxi-
mum diameter of three millimeters, are present. - Pyrite grains
are not uncommon in joint planes. The feldspars are commonly
light greenish-gray, owing to the presence of minute grains of
epidote. Cleavage faces of those which retain a glassy luster
show albite twin striations under a lens.

In many exposures the rock is green because of the presence
of abundant epidote. In several places the surfaces of blocks are
covered by brown or red iron oxide. Calico Mountain presum-
ably has taken its name from the variegated colors which this

' rock shows on its slopes. Wherever the andesite is exposed on
slopes it is broken into sharply angular fragments a few inches
in diameter.

Under the microscope hornblende appears as a phenocrystic
mineral, in addition to plagioclase and biotite. No orthoclase
.phenocrysts are seen, in thin sections, but the chemical analysis
indicates the presence of some orthovlase in the groundmass.

Plagioclase phenocrysts which combine albite and Carlsbad
twinning are shown by the Michel-Lévy method to be labradorite
having the composition of about Ab,An,. They exhibit only slight
zonal banding and are hence apparently fairly uniform in com-
position.

The biotite is the ordinary brown, pleochroic variety. Many
crystals show hexagonal outline. A “reaction rim” is common ;

(6)
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this seems to be composed mainly of black iron ore and kaolin.
Under a high-power objective a sagenite web of rutile needles
can be seen in many of the slightly altered biotite crystals. Pale-
green hornblende is quite plentiful as a phenocryst. It shows
alteration to a colorless amphibole, epidote, and iron ore.

The pilotaxitic groundmass contains closely packed, lath-
shaped feldspar microlites, minute grains of iron ore, small pris-
matic crystals of apatite, a few prismatic zircon crystals, and
secondary epidote, in addition to a considerable quantity of
transparent, colorless material which is probably made up of
quartz and orthoclase. The feldspar microlites are commonly
once twinned and many show inclined extinction. They are
apparently chiefly andesine. The iron ore, which is abundant, is
probably largely ilmenite, as suggested by the considerable quan-
tity of titania in the rock. No titanite can be seen.

Chemical and mvineral composition.— The following is an
analysis of a fairly fresh specimen of the andesite from near the
head of Jennings Gulch:

Analysis of andesite of Jennings Gulch
[R. M. Butters, Analyst]

SH 0 I i o Y S e e T BT, 1 S Qe B e B e ol 0.09
B e e e L J9 A8 |1 HSODIE i o s et ravaire s ot 0.09
| DT R et o s e e R O e e T B b o e et e e 2.02
Bla@pnthecs s, B a Bl E R BRE Lo A o O el o AR b e, o R S0 none
e O e e e e P e e, e o e e 0 bt et e e 0.41
(@O B L S L0 e e A S 6.32 [LGIL e e e e 0.07
N O s oy S o G b it & o 32875 THIES 5 LT N R e s e o 0.23
B Do el o e eiinnls ol S8 [ VIMIO) e e o e o et e le iarere none

99.97

The following is the norm according to the quantitative
system :
Norm of andesite of Jennings Gulch

(1520 O e W (e [ J00 - e 2 R g 9.66 -
OLThOCTASE i i s e = sd e s st st s oMo e s s 18.90
7Tl ok T AN GREN e b s el G o Tl R, S 20.77
ANOTTRITE" lo v o Dol e et S e i osr A 28.08
DIODRIAE, Bt sl % e o i e e e e 0.46
HY DerSth SN e st cnras ot A e Wars g ) 7.35
Maenetitertn b An S S ey ot S s e 2.55
TN ENIEE, o7 5 o P et et e eer s o, e L 3.80
PVLITE & ltag s Jalite me i Eniar i aere el Sy e 0.23
APATILE woein s » e s g s e e e 0.93
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This norm corresponds to shoshonose.

The following table gives the actual mineral composition, as
calculated from the chemical analysis:

Mineral composition of andesite of Jennings Gulch

O QB St e s 2 e AT S it B st o e 13102
OB OCIARE, AT 5. o T St a2 s oo Ca ol ol ol o 12.79
Plagioclase (average Ab,, Ang)............ 3.10
1BHo il 0} AT Neh e - e s e el e 4.40
Bt ess St o b o R W R e L 10.66
Magmetitel ). o o s e o s sy s e A 1.62
e NTEERNT - fried e o K S e S O e 3.04
Y RO e R T e o I A e L e 0.23
A A e e R e e e e 0.93

I

The hornblende and biotite were assumed to have the same
composition as the hornblende and biotite noted on page 137. In
the calculation it was found that the rock analysis gives about
.40 per cent too much magnesia and .72 per cent too little ferrous
oxide for the assumed composition of the hornblende and biotite.
This difference was adjusted between the two minerals.

QUARTZ LATITE PORPHYRY

Occurrence.—This rock is exposed over a considerable area
near the head of Middle Fork and Chalk Creek and on the south
slope of Monumental Mountain. In addition to the several discon-
nected masses shown on the map, there is an exposure of the same
rock on the southwest slope of Mount Etna. Because of the great
amount of sliderock here, the boundary of this occurrence could
not be determined with even a fair degree of accuracy. It is
probable that all these disconnected masses originally formed
part of a single chonolith which was split into several smaller
bodies by the later quartz monzonite porphyry intrusion. The
quartz latite porphyry is locally called diorite porphyry, but the
character of the groundmass and the ratio of groundmass to
phenocrysts do not justify the local name.

Age relations.— Since the dacitic rock that separates the
quartz latite porphyry from the Pomeroy quartz monzonite fur-
nishes fragments to the overlying quartz latite porphyry, the
last-named rock is clearly younger than the dacitic porphyry.
What is evidently the same quartz latite porphyry is found
cementing andesite fragments in a breccia a mile and a quarter

Qeata Hietarigcg| and
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northwest of Mount Etna; the quartz latite body is, therefore,
almost certainly younger than the andesite. The coarse-textured
quartz monzonite porphyry carries inclusions of the quartz latite
porphyry and sends dikelets into the body of this rock on the
gouth slope of Monumental Mountain; the quartz latite porphyry
is hence older than the quartz monzonite porphyry.

Description.—The rock is bluish-gray and shows in the hand
specimen many phenocrysts of white to bluish feldspar, a few
pink feldspars, numerous biotite and hornblende crystals, and an
occasional titanite crystal. The feldspars are mostly less than
three millimeters in diameter. Although an occasional biotite
crystal ' may have a diameter of three or four millimeters, most
of the biotite and hornblende crystals have a diameter of less than
one millimeter. The groundmass is approximately equal to the
phenocrysts in volume.

In thin section plagioclase is seen to be the most abundant
phenocrystic mineral. The common albite twinning is, in a few
crystals, combined with pericline or Carlsbad twins. The plagio-
clase ranges from basic andesine to oligoclase. Many crystals
show a core of andesine surrounded by a shell of oligoclase. In
phenocrysts of this character the oligoclase appears to be in excess
of the andesine. A few orthoclase crystals are present in some
specimens. Although the feldspars are in part automorphic many
of the crystals have been broken, some have no regular outline,
and a few have been embayed by re-solution. The feldspars inclose
portions of the groundmass, small crystals of apatite and many
minute needles which appear brown in transmitted light and may
be rutile.

As a rule, biotite exceeds the hornblende in amount, but in
some specimens these two minerals are present in nearly equal
quantity. The biotite is the common brown variety. Many crys-
tals are bent showing that there had been some movement of the
magma after the mica had crystallized. The biotite shows more
or less resorption in that some crystals are bordered by a very
narrow band of magnetite powder. Other crystals are wholly
unaltered.

The hornblende is the ordinary variety with an extinction
angle of about 20°. Many hornblende crystals show no alteration;
some show a resorption rim of magnetite dust; others have been
completely replaced by a mixture of secondary material which
‘contains considerable iron ore.
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Quartz is very seldom seen as a phenocryst in the average
rock. Where it does appear it has no crystal outline but is
rounded and embayed by re-solution.

In addition to the minerals mentioned, titanite is shown by
the microscope to be a plentiful accessory. A few prisms of
zircon and many formless grains of iron ore are seen. The iron
ore was probably, in large part, derived from the biotite and
_hornblende. T

The most characteristic type of groundmass, as seen under
a low-power objective, consists mainly of a microgranular aggre-
gate of a doubly refracting mineral filled with a swarm of dust-
like inclusions. With the aid of the highest power, minute crystals
of zircon and apatite, besides glass and liquid inclusions, may be
recognized. But there are still a greater number of indetermin-
able inclusions, among which are brown prismatic forms, brown
to black octahedrons, and numerous dark, formless grains. The
imperfectly defined grains which carry the minute inclusions are
probably in large part orthoclase, although some are unquestion-
ably quartz. There is no suggestion of lath-like feldspar micro-
lites. so commonly seen in andesites.

The type described may give way, on the one hand, to a
variety slightly coarser, in which most of the grains are more
certainly orthoclase. On the other hand, the groundmass becomes
more finely granular, without the poikilitic effect and with
abundant interstitial material which does not react on polarized
light and is probably glass. All these varieties may be seen in
one slide and in specimens from widely separated localities.

Beside these peculiarities. of groundmass, the microscope
shows small patches of porphyry of the same general composition
as the surrounding rock but more coarsely erystalline. In one
slide unstriated feldspar and much pyroxene make up most of
an included fragment. This may be a crystallized fragment of
impure magnesian limestone which had been fused by the /heat of
the magma. A study of the characters mentioned leaves the
impression that there was considerable kneading of the magma
after crystallization was well advanced, or rather, that succes-
sive pulsations forced the more mobile magma from below up into
the cooler and better crystallized crust of which fragments were
held by the invading magma when it came to rest. There is
evidence of at least three not widely separated periods of crystal-
lizing of the groundmass. The almost complete absence of flow-

.
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structure, the bent micas, and the ruptured feldspars lend support
to this hypothesis.

Chemical and mineral composition. — The table shows the
-chemical composition of a specimen of quartz latite porphyry from
the Mohammed tunnel. For comparison, the analysis of a quartz
latite from near Silverton, Colorado,* is also given.

Analyses of quartz latite porphyries

1 2 1 2

SO e e : 64.56 64935 [ ETy Q= 0.41 1.12
RO AN e 17361 6ok T O e 0.45 1.65
e, O e e 0.76 By N R T D S e e 0.61 0.53
2020 TS e SRR 1.81 05325 | |2 ATOL nit SiEreens trace 0.03
MEQ: % it o s 0.73 0165\ BoO% il vl e 0.08 0.17
Da 0 e e 3.25 P e | B = e B 0.01 e
NG O P TR e 3.56 R AN VBT OIS it s 0.33 trace
RO ae i e s 5.94 476 || BaO ............| notdet. 0.15

99.86 100.08

1. Quartz latite porphyry from Mohammed tunnel, Monarch district.
R. M. Butters, analyst.

2. Quartz latite from bench south of Greenhalgh Mountain, Silverton quad-
rangle. W. F. Hillebrand, analyst. Folio U. S. Geol. Survey No. 120, p. 10

The following is the norm of the Monarch rock, calculated
from the chemical analysis:

Norm of quartz latite porphyry from Mohammed tunnel

QUATEZ. o s o s s e e darn o s T e G o Rl 12.96
DETHDCIASE 50 o v insits, & oo s feoite. 2 ST o 35.03
ANDITE e e R mr T = o e e O 29.87
AT O e e e e e e e e e B e T R 14.18
1B o) 0l e e o e i PR W L 0.92"
ELVDETRENENE, o X ot aiie, < tatssets iy s et o0 s 3.45
PIEENRIINE o & e s i 5o e s S e e o 1.16
3B haa C=ro i 7 PR el R R 5 e S (R s K e 1.22
A A T i s e Aty e L T Ay o 0, o 0.31
Water not used in calculation............. 0.86

99.96

In the quantitative system the rock is toscanose.

Below is the actual mineral composition, or mode, calculated
from the chemical analysis. The composition of the biotite and
hornblende was assumed to be the same as that of the biotite
and hornblende noted on page 137:

1Silverton Folio (No. 120), U. S. Geol. Survey, 1905, p. 10.



PETROGRAPHY OF IGNEOUS ROCKS 167

Mineral composition of quartz latite porphyry from Mohammed tunnel

(QITGHREA e e e et RO i oo el b 14.58
O EhOCIERE k. L o AP e D s a7 s stigs alesanits 31.14
Plagioclase (average Ab;AN,) .........ccn.. 42.66
BLOGIE e e A S S S e Pl 7.28
HHornDlender s ot s v s o peets oot tas, < atage & 1.93
M syl e e R e = LSy 0.46
B 2 1 s o s, o (e 0.98
SANTRE 6 LA P e S X e e S 0.31

99.34

The calculation of the mineral composition showed that the
assumed chemical composition of the biotite and hornblende re-
quired .40 per cent more magnesia and .72 per cent less ferrous
oxide than the rock analysis contains. An estimate of the rela-
tive amounts of component minerals fromi a thin section of the
specimen analyzed would not differ greatly from the proportions
as given in the table above. This section, however, contains much
more biotite in proportion to hornblende than most of the slides
examined.

DIKE-ROCKS

The quartz monzonite porphyry which occurs in one excep-
tionally strong dike has been described. Mention has also been
made of the granite dikes which are apophyses of the quartz
monzonite body.

Aside from the dikes mentioned, dikes of porphyry and felsite
are common, especially near the borders of the Princeton quartz
monzonite. They ordinarily range from a few inches to fifty feet
in width. Most of them are less than thirty feet svide. Many are
very irregular in their course in the sedimentary rocks, and some
follow the bedding planes for considerable distances as intrusive
sheets. As a rule, outcrops are easily followed on the ridges and
Ligher parts of the slopes, but in the valleys talus and. soil cover
the dikes too deeply to permit them to be readily traced. There
is little or no doubt that many of the dikes seen on the ridges
and higher slopes are continuous through the valleys.

The dikes here described are found cutting the quartz mon-
zonite gneiss, quartz monzonite, and Etna porphyry, besides the
pre-Cambrian and Paleozoic rocks; but the relative age of the
different kinds of dikes is unknown.

Like the granular intrusives, these dike-rocks are interme-
diate to acid in composition. Texturally they include these ex-
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tremes: (1) very coarse porphyry almost phanerocrystalline,
(2) pitchstone porphyry and felsite. Most of them, however,
haye intermediate porphyritic texture.

In the field it was found practically impossible to map sepa-
rately all the varieties because of the numerous gradations and
generally weathered condition of the rocks. Furthermore, many
of the felsitic rocks, even if quite fresh, cannot, without chemical
analyses, be accurately placed in a strict ‘petrogmphic.classiﬁca-
tion. TFor these reasons some dikes that are probably rhyolitic
and a few that may be andesitic, are shown on the map in the
same color as the latite and latite porphyry.

The study of thin sections shows that the dike-rocks include
the following types: (1) monzonite porphyry, (2) quartz mon-
zonite porphyry, (3) quartz latite porphyry almost identical in
composition with the quartz latite porphyry of the chonolith,
(4) latite porphyry which differs from the monzonite porphyry
only by having a finer texture, (5) latite with few or no pheno-
crysts, (6) andesite porphyry, (7) rhyolite and rhyolite porphyry,
and (8) pitchstone porphyry.

The typical quartz latite porphyry is found in only a few
dikes. One of these is on the divide northeast of the head of
Jennings Gulch ; another is crossed by the road about half a mile
west of the Victor mine in the Tomichi district. Examples of
latite porphyry are most common east of the Continental Divide;
because of the close resemblance of this rock to the monzonite
porphyry described below it needs no further mention. Except-
ing the latite porphyry and quartz latite porphyry, the types
mentioned are briefly described in the following paragraphs.

MONZONITE PORPHYRY

A large number of the dikes are formed of bluish-gray mon-
zonite porphyry which carries, besides orthoclase and plagioclase,
abundant hornblende, no biotite, and very little or no quartz.
A few dikes have biotite instead of hornblende; others have both
biotite and hornblende. Locally, cubes or grains of pyrite are
abundant. In composition the dikes range from dioritic to syen-
itic, but perhaps a majority of them are typical monzonite por-
phyry, having orthoclase and plagioclase in nearly equal amount.
Flow-structure is shown in several dikes by the parallel orienta-
tion of the hornblende crystals.



PETROGRAPHY OF IGNEOUS ROCKS 169

As a phenocrjfst, alkali feldspar, chiefly orthoclase, varies
greatly in amount. In places it is practically absent. In other
places it may equal the phenocrystic plagioclase in volume, but
it is commonly Subordinate to the plagioclase. Occasionally a
small quartz phenocryst may be seen.

The groundmass is microcrystalline. In volume it may ex-
ceed the phenocrysts in varieties of porphyry with fairly large
phenocrysts. From this maximum the groundmass decreases to
only a few per cent of the rock mass in varieties with phenocrysts
one to three millimeters in diameter. Good examples of porphyry
composed almost entirely of phenocrysts may be seen in the dike
southwest of Maysville, and near the top of Clover Mountain at
the north edge of the dike. On Clover Mountain this rock appears
to grade from the sides of the dike into the coarser quartz mon-
zonite porphyry.

On Clover Mountain and in other places epidote is abundant,
replacing the plagioclase in part and giving a greenish color to
the rock.

The microscope shows, in addition to the megascopic con-
stituents, apatite, zircon, iron ore, and probably allanite. Apatite
and zircon are very rare and in minute crystals. Iron ore is
plentiful in minute anhedrons and octahedrons. Titanite is much
less common than it is in the quartz monzonite porphyry and the
quartz monzonite. In a few slides small formless grains of a
brown, strongly pleochroic mineral with high refractive indices,
are seen. Since the absorption of the slow ray is greatest, pro-
ducing a deep.brown, it is inferred that this mineral is allanite.

The hornblende is greenish-brown and has an extinction angle
of about 15°. This mineral is automorphic and many of the
crystals are twinned. In one slide the hornblendes have a re-
sorption border showing two zones. The first zone next to the
hornblende is composed mainly of black iron ore. The outer and
wider zone is too finely crystallized and too much altered to
permit certain determination. It is probably in part pyroxene,
but much of the material has a low refractive index and shows
pleochroism and interference colors which suggest biotite. In
many specimens alteration of the hornblende has given rise to
epidote and chlorite with iron ore. The biotite is the common
brown variety. It shows alterations to epidote and chlorite with
iron ore.
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~ The plagioclase occurs in well-formed crystals. Albite twin-
ning is common, in some instances combined with Carlsbad twins.
Zonal structure is pronounced in most of the crystals. The most
basic feldspar at the center is andesine; the outer zone is oligo-
clase or alkali feldspar. Epidote and sericite are very common
alteration products. Zoisite accompanies the epidote in a few
specimens. Although some calcite has been formed, it is not
abundant. Most of the orthoclase phenocrysts, aside from the
numerous inclusions of plagioclase, are homogeneous, but a few
carry a small amount of microperthitically intergrown plagio-
clase. One peculiar phenocryst has a core of alkalic feldspar
poikilitically inclosing small plagioclase crystals and quartz
grains. Surrounding this core is a wide zone with fewer inclu-
sions but intergrown micrographically with quartz. The feld-
spar of both zones is partly unstriated, but partly very finely
twinned after the albite and pericline laws. This feldspar prob-
ably carries a high soda content. The rock itself marks a tran-
sition to the quartz monzonite porphyry. Where quartz appears
as a phenocryst it has been corroded as in the more quartzose
porphyry.

The groundmass is, in general, a microgranular aggregate of
orthoclase and plagioclase with'considerable iron ore. Shreds
of hornblende and biotite are not uncommon and in some speci-
mens a little interstitial quartz appears. Rarely the groundmass
of the more micaceous rock is micropoikilitic, being composed
essentially of orthoclase grains inclosing great numbers of small
brick-shaped plagioclases. A little interstitial quartz is present
in this variety. Still more rare is the groundmass composed
essentially of orthoclase with a small amount of micrographically
intergrown quartz. The ratio of orthoclase to plagioclase in the
eroundmass varies widely. In some specimens, even those in
which the feldspar phenocrysts are practically all plagioclase,
the groundmass is composed mainly of orthoclase. In others
plagioclaseris dominant.

QUARTZ MONZONITE PORPHYRY

' Under this name are here included all the coarser porphyries
composed essentially of orthoclase and plagioclase in nearly equal
quantity, on the average, with more or less quartz. Biotite and
hornblende are everywhere present. Quartz may vary from an
almost negligible component of the groundmass to a very promi-
nent phenocrystic mineral. The ratio of orthoclase to plagioclase
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is variable, but both of these feldspars are constantly present.
Although the rock has an average composition about intermediate
between a granite and a diorite, there are local granitic, syenitic
and dioritic varieties. By decrease of quartz the quartz mon-
zonite porphyry grades into monzonite porphyry. Except in
baving a finer texture, generally, and considerable variation in
the quantity of quartz and dark minerals, the quartz monzonite
porphyry of the smaller dikes does not differ materially from the
Etna porphyry described.
LATITE

This rock is commonly very light gray or white in color and
felsitic in texture. Some dikes carry no megascopic phenocrysts.
The phenocrysts which occur in some dikes are very small. They
are chiefly feldspar, but biotite or hornblende may be present in
some places. Quartz appears sparingly in small phenocrysts in
a few dikes and marks a transition to the rhyolite. Small cubes
of pyrite are locally abundant. The rock is generally much
weathered ; the original ferromagnesian minerals, as a rule, have
been complétely replaced by alteration products.

The microscope shows in most specimens apatite, iron ore,
biotite, plagioclase, and orthoclase. Titanite, hornblende, and
quartz are present in some specimens. Fresh material is rarely
found; the slides commonly carry a considerable quantity of
secondary minerals, principally kaolin, sericite, epidote, chlorite,
and calcite. Both orthoclase and acid plagioclase occur as pheno-
crysts, the relative proportions varying greatly. '

Two types of groundmass are seen in the latite. The first is
a micropoikilitic type in which small grains of orthoclase and
perhaps quartz, inclose numerous lath-shaped plagioclase micro-
lites. The second and more common type of groundmass consists
of a microgranular aggregate of orthoclase and plagioclase be-
sides a little quartz in some specimens.

ANDESITE PORPHYRY

A few dikes of andesite porphyry occur on both sides of the
Continental Divide. One of the most typical is just east of Boss
Lake. Another is on the north slope of Contact Hill in the
Tomichi district. This rock is greenish-gray and shows numerous
small crystals of feldspar and hornblende with a few flakes of
biotite.
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In thin section are seen apatite, iron ore, hornblende, biotite,
plagioclase, and a little orthoclase. Apatite has its ordinary
habit. For an accessory black iron ore is quite abundant in
octahedrons and formless grains.

The hornblende is greenish-brown and has an extinction angle
of about 15°. The biotite is the ordinary brown variety. Plagio-
clase is abundant in automorphic tabular crystals many of which
combine Carlsbad and albite twinning. Extinction angles indi-
cate that the plagioclase is mainly andesine, but most of the crys-
tals are bordered by a narrow zone of a more acid variety.

The groundmass is composed of lath-like plagioclase crystals,
a small quantity of interstitial orthoclase, and small shreds of
biotite and hornblende.
RHYOLITE

The rhyolite presents two types: (1) felsitic. rock with few
and small phenocrysts, (2) rhyolite porphyry in which pheno-
crysts of quartz and feldspar are common.

The best examples of the first type are found on the east
slope of Taylor Mountain. The rock is ordinarily light gray or
almost white; in some places it is stained by brown oxide of iron
or dendrites of black oxide of manganese. In color and texture
this rock resembles the “white porphyry” of the Leadville® dis-
trict. Some dikes have a few feldspar phenocrysts one to three
millimeters in diameter. Small quartz phenocrysts are some-
times present, but in general the quartz is confined to the ground-
mass. Minute biotite erystals or pseudomorphs after biotite are
sparingly present. Pyrite cubes or limonite psendomorphs after
pyrite are not uncommon.

In some thin sections both orthoclase and plagioclase are
présent as phenocrysts. In others, plagioclase-is the only pheno-
crystic feldspar. Many of the phenocrysts are much sericitized
and kaolinized and are difficult of specific determination. Ex-
tinction angles indicate that the plagioclase is at least in part
andesine. The biotite is the common brown variety, but in most
-specimens it has been replaced by epidote, chlorite, and iron ore.

The groundmass is generally microgranitic, composed chiefly
of unstriated feldspar and quartz. A few specimens carry a con-
siderable residue of micrographically intergrown quartz and feld-
spar. In one thin section the quartz and the feldspar of the

1Mon. U. S. Geol. Survey, vol. 12, 1886, pp. 76, 324.
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groundmass swarm with dust-like inclusions. Several specimens
have a micropoikilitic groundmass composed essentially of ortho-
clase inclosing minute lath-shaped microlites of plagioclase with
very low extinction angles. In this variety the quantity of quartz
is very small and the rhyolite approaches latite in composition.
Accessory minerals are apatite, titanite, and zircon. A few
small apatite crystals are found in all the slides examined.
Titanite is seen only occasionally. Small, stout zircon crystals
are numerous in some specimens, but are not present in others.

RHYOLITE PORPHYRY

Rhyolite porphyry is found in typical development in a dike
in and near the fault in the vicinity of the Spar Copper mine.
The same rock occurs in a sheet above the coarse quartzite east
of the David H. mine and in a dike or sheet near the head of the
gulch southeast of Lake Hill. It is probable that these three
exposures are parts of a single intrusion which may not reach
the surface continuously or which, having once been exposed,
may uow be covered by talus through part of its course.

As seen at the surface, the rhyolite porphyry is light gray
or nearly white, and carries many quartz phenocrysts and a few
feldspar crystals two to eight millimeters in diameter, in a micro-
crystalline groundmass. Fresher material from the dike cut in
the Parole tunnel is dark gray in color and carries, in addition
to quartz and feldspar, small phenocrysts of bhiotite.

Examined in thin section the quartz phenocrysts show good
bipyramidal outline and practically no resorption phenomena.
Large fluid inclusions are common; a few crystals also inclose
portions of groundmass.

Orthoclase and plagioclase, as phenocrysts, are nearly equal
in amount. Measurement of extinction angles of crystals which
combine Carlsbad twinning with the common albite twinning,
shows that the plagioclase is mainly andesine. In one slide,
however, labradorite with the composition of about Ab,An, was
noted. The biotite of the rock at the surface is replaced by
epidote and chlorite.

The groundmass is chiefly a mierogranular aggregate of ortho-
clase and quartz, although in several specimens the orthoclase
incloses micropoikilitically small lath-shaped plagioclase micro-
lites. Most of these microlites have parallel extinction, while a
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number show an extinetion angle of a few degrees. The feldspar
of the groundmass is considerably kaolinized.

This rock tends to be monzonitic in character, but the pheno-
crystie feldspar, although nearly half plagioclase, is very much
less than the feldspar of the groundmass, which is apparently
largely orthoclase. This preponderance of orthoclase and the
high quartz content make the rock more granitic than monzonitic
in mineral composition.

A variety of rhyolite porphyry which marks a transition, in
both texture and composition, toward the quartz monzonite por-
phyry is found in a dike at the north end of Hoffman Park. This
variety has large pink orthoclase phenocrysts and many andesine
phenocrysts, besides quartz and biotite in a microgranitic ground-
mass of quartz and orthoclase. The phenocrysts equal or exceed
the groundmass in volume. Accesscl)ry apatite and titanite are

present.
PITCHSTONE PORPHYRY

A border of pitchstone porphyry about two feet thick was
observed on the west side of a rhyolite porphyry dike exposed in
the Morning Star mine. The east side of the dike was not
uncovered when the mine was visited. The main part of the dike
is rhyolite porphyry with holocrystalline groundmass.

A short distance .southwest of the Morning Star mine a
similar dike was cut by a prospect tunnel driven by Mr. W. T.
McConnell. This dike is about twenty feet wide and dips north-
ward 60°. A few inches of brown pitchstone porphyry is found
on the upper border. The remainder of the dike is rhyolite por-
phy'ry, much decomposed, but similar in composition and texture
to that in the Morning Star.

A number of shallow prospect holes reached pitchstone
porphyry, as shown by the dumps, along a line about half a mile
in length, extending northward from near the Breadwinner shaft,
southeast of North Star. Nowhere along this line is the pitchstone
now seen in place but the fact that the dump at one fairly deep
shaft shows both pitchstone porphyry and rhyolite porphyry like
the varieties in the Morning Star mine and McConnell’s tunnel,
suggests the probability that the relation between the two varieties
is the same here as in the dikes observed. The dike, or sheet, may
be inclined from the vertical at a high angle. If this supposition
is correct the shallow holes from which only a small amount of
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pitchsfone was removed, did not reach the better crystallized
interior.

Description.—The pitchstone porphyry is commonly green,
though the brown variety with resinous luster occurs in the dike
cut by McConnell’s tunnel. Feldspar phenocrysts one to five milli-
meters in diameter are common, and a few very small biotite
crystals can be seen with the aid of a lens. However, the ground-
mass far exceeds the phenocrysts in volume.

In addition to the minerals mentioned, quartz is occasionally
seen in thin section as a phenocryst. The quartz offers no evidence
of resorption, but shows well-developed prisms and rhombohe-
drons. Orthoclase and plagioclase, as phenocrysts, are present
in about equal amount. As determined by measurements on
crystals which combine both Carlshad and albite twinning, the
plagioclase is andesine having the composition of about Ab,An,.
Ordinary brown biotite is present in small flakes and plates with
hexagonal outline.

v Accessory components are apatite, zircon, titanite, and mag-
netite. Apatite is plentiful in needle-like crystals both in the
groundmass and as inclusions in the feldspars. Zircon is far less
common and seen in small stout crystals only in the groundmass.
A few automorphic crystals of titanite are present. Magnetite
occurs in small quantity in rounded grains.

The groundmass is composed mainly of glass in which are
many minute elongated forms of incipient crystallization, which
react feebly on polarized light. In this rock there do not seem
to be present any peculiar crystallites, such as have been observed
in pitchstone of other localities.

EXTRUSIVE ROCKS
VOLCANIC BRECCIA

Volcanic breccia forms the top of the Sawatch Range in
the vicinity of what we have called Vulecan Mountain. It extends
down the east slope less than a quarter of a mile, but reaches
down nearly half a mile on the west side. Only the largest areas
are shown on the map. Smaller exposures are found on the south
shoulder of Central Mountain and along Fort Scott Gulch.

Age relations—The breccia carries fragments of nearly every
other rock in this vicinity, indicating that it is one of the latest
products of igneous activity. It does not appear to have broken
through the quartz monzonite porphyry nor does this porphyry.
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inclose fragments of the breccia. Since the breccia and the coarse
porphyry are not found in contact with each other there is no
observed field evidence of the relative age of the two. However,
the character of the breccia shows that it is an extrusive rock, and
there is no evidence that a great amount of material has been
reémoved from above it by erosion. On the other hand, the coarse
crystallization of the quartz monzonite porphyry now exposed at
the surface, indicates that erosion has removed a much greater
covering from above it than from above the breccia. From these
considerations it appears probable that the volcanic breccia is the
youngest igneous rock in the district, excepting possibly the flow
breccia and some of the dikes.

Description.—The breccia generally has a dense, greenish-
gray matrix cementing angular fragments among which can be
identified pre-Cambrian granite, quartzite, arkose, chert, limestone,
marble, baked shale, and quartz monzonite gneiss. The relative
quantities of included r6cks vary in different places, but fragments
of sediments are probably the most abundant. The inclusions are
numerous and in sharp contrast with the matrix, readily catching
the eye. The greater number of the most conspicuous fragments
range from a quarter of an inch to two inches across (about 0.5
cm. to 5 em.). They run down, however, on the one hand, to
microscopic in size, and on the other hand, not infrequently reach
several feet in diameter. Near the bhorder of the breccia area,
masses of rock 100 feet or more in diameter are found.

In thin section the matrix is seen to be largely glass of which
the clastic character is shown, in places, by shreds and angular
fragments with outlines like: those seen in volcanic ash. Minute
microlites of what is probably feldspar eor feldspar and quartz,
can be seen sparingly distributed through the glass. Occasional
small erystals of zircon and of titanite are present. Broken and
comminuted grains of quartz and orthoclase, and a little plagio-
clase, are common. The matrix is much altered and contains
considerable kaolin, epidote, chlorite, and calcite. Without an
analysis it is impossible to place this rock accurately, but it is
probably a rhyolite with a low or moderate silica content.

FLOW BRECCIA

Brittle Silver Mountain near the north boundary of the
Tomichi district, is capped by a flow breccia which is probably
one of the youngest igneous rocks of the region.
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This breccia, which is brownish-gray, contains numerous
angular fragments of feldspar and dark gray-brown porphyry,
besides a few quartz fragments, in a light-gray matrix. The
porphyry fragments range from an inch or more in diameter
down to microscopic dimensions. Some of these are equidimen-
sional, but a great many are more or less lenticular in form, with
their longest axes parallel to the direction of rock-flow.

Under a low power of the microscope the flow-structure is
conspicuous. The matrix is composed almost entirely of glass,
with here and there a minute speck of anisotropic material.

The included porphyry fragments are much weathered, but
do not closely resemble any rock found in the district in mass.
The phenocrysts, which form a small fraction of the volume of the
fragments, are chiefly orthoclase, with a few plagioclase and
biotite crystals. The biotite is almost completely replaced by
chlorite, epidote, and black iron ore. The groundmass is princi-
pally glass with a few minute grains of quartz, or quartz and
feldspar.

No analysis of the breccia has been made, but it is inferred
from the microscopic study that the composition is essentially
that of a rhyolite, having perhaps a rather low silica content.



CHAPTER IX

GENERAL PETROLOGY OF THE POST-CARBONIFEROUS
IGNEOUS ROCKS

SUMMARY OF POST-CARBONIFEROUS IGNEOUS HISTORY

It has been shown in ithe preceding chapter that nearly all
the rocks here considered are younger than the youngest Paleozoic
sediments, and reasons have been given, in Chapter V, for believing
they are of post-Cretaceous age.

SUCCESSION OF INTRUSIONS

With but few exceptions, the relative age of the successive
intrusions is determinable from field relations which were specific-
ally mentioned under the several rock types in the chapter on
petrography. The relative age of the Pomeroy quartz monzonite
is in doubt, but this rock is probably older than the Princeton
quartz monzonite and may be older than the quartz monzonite
gneiss. There is no field evidence bearing on the age relations
between the quartz diorite and quartz monzonite gneiss, but both
are demonstrably older than the Princeton quartz monzonite.
According to Brogger®' and Harker?, a series of plutonic intru-
sions normally begins with the most basic member and is followed
by successive intrusions of increasing acidity. It is not improbable
that this order was followed in the region here considered. The
monzonitic diorite stock near Monarch may or may not have been
intruded synchronously with the typical quartz diorite.

If we assume that the three dioritic stocks were intruded
simultaneously and that the oldest three intrusions, whose rela-
tive age is in doubt, were intruded in the order of increasing
acidity, the succession is: '

1. Quartz diorite.
2. Pomeroy quartz monzonite.
3. Quartz monzonite gneiss.
1Brogger, W. C., Die Eruptionsfolge der triadischen Eruptivgesteine bei

Predazzo in Stidtyrol, 1895, p. 175.
2Harker, Alfred, The natural history of igneous rocks, 1909, p. 116.



/i
PETROLOGY OF POST-CARBONIFEROUS ROCKS 179

4. Princeton quartz monzonite.

5. Granite.

6. Andesite.

7. Quartz latite porphyry.

8. Etna quartz monzonite porphyry.

9. Various ‘dike-rocks ranging from andesite to rhyolite in
composition. Some of these may have been intruded syn-
chronously with one or more of the larger porphyry bodies.

10. Volcanic breccia and flow breccia.

The igneous cycle—Harker® considers that the normal cycle
of igneous activity ds characterized successively by three phases:
(1) voleanic extrusions, (2) plutonic intrusions, and (3) minor
intrusions. He, however, cites exceptions to this order and states
that the normal cycle is sometimes followed by a relatively feeble
extrusive phase.

In the Monarch and Tomichi districts the observed order is:
(1) plutonic intrusions, (2) minor intrusions, (3) extrusion.
Here the chonolithic intrusions, which Harker would evidently
include with minor intrusions, were followed by the intrusion of
Etna porphyry which forms a considerable stock. This has
features in common with both plutonic and minor intrusions, and
is here classed with the latter, principally because of its relative
age. It is not impossible that the igneous history began with
extrusive rather than intrusive activity, but, if so, the early
effusive rocks have been removed by erosion.

PHYSICAL CONDITION OF THE INTRUSIVE MAGMAS

In the section on the forms of the intrusive bodies and in the
chapter on petrography are noted some observations which have
a bearing on the inferred physical eharacter of the magma of the
several intrusions. In this section these observations are sum-
marized and inferences drawn concerning the relative viscosity
of the magma of the successive most important intrusions in the
supposed order of age. In writing the following paragraphs, the
writer has made frequent use of the works of Harker,®? 1ddings,®
Pirsson,* and others, and has merely made application of known
principles and theories, without attempting anything original.

1Harker, Alfred, op. cit., p. 25.
2Harker, Alfred, The natural history of igneous rocks, 1909.

3Tddings, J. P., On the crystallization of igneous rocks: Bull, Phil. Soc. of
Washington, vol. 11, 1899, pp. 65-113.

Igneous rocks, vol. 1, 1909.

4Pirsson, L. V., On the phenocrysts of intrusive igneous rocks: Am. Jour,
Science, 4th ser., vol. 7, 1889, pp. 271-280.
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QUARTZ DIORITE

The quartz diorite magma had apparently, on the whole, a
considerable degree of fluidity, as is common in a magma com-
paratively rich in the bases. That it was intruded between cold
walls which chilled the magma rather rapidly is indicated by
the porphyry facies near the contact.

POMEROY QUARTZ MONZONITE

The composition of this rock does not differ greatly from
that of the Princeton quartz monzonite. The texture suggests
a considerable degree of fluidity during the crystallization of
plagioclase and ferromagnesian minerals. The eutectic inter-
growth of quartz and orthoclase may indicate a low freezing-point
and easy crystallization, although the mass seems to be a typical
stock and specimens from the breast of the Pride of the West
tunnel have a texture identical with that of specimens from the
top of Grizzly Mountain. Hence it would seem that the geological
conditions were favorable to slow cooling and crystallization at
a high temperature. The porphyritic border facies indicates that
the rock cooled rapidly in contact with the adjacent rock into
which the quartz monzonite was intruded.

QUARTZ MONZONITE GNEISS

The coarse grain and extremely large feldspar crystals of
the gneiss presuppose a high degree of molecular mobility in the
magma at the time of crystallization. This was doubtless caused
in large part by the high temperature of the magma but probably
in greater degree by the presence of mineralizing agents.

The exact depth at which this magma crystallized is inde-
terminable from known facts. At the time of intrusion the Pale-
ozoic sediments were at least a mile in thickness, probably 7,000
feet, and it is not unlikely that they were overlain by later
deposits. Were the thickness of the sediments known, the problem
would be complicated by the high dip of the strata, but there is
no reason to believe the thickness of the cover was less than the
stratigraphic thickness. Hence the depth at which the final stage
of crystallization took place was at least one mile, and probably,
much more. Reasons for inferring that crystallization was far
advanced before the magma came to rest were given in the
previous chapter. But the probable great depth of erystallization
and consequent slow cooling, are hardly sufficient to account for
the evident low viscosity of the magma. In composition the gneiss
does not differ greatly from many of the pre-Cambrian granites
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which were probably intruded at a depth at least as great as was
the post-Carboniferous gneiss. Still, this gneiss is much coarser
in texture than any Colorado granites, excepting pegmatite, that
the writer has seen.

It would seem that the low viscosity of the magma must have
been caused in large part by the presence of mineralizing gases,
such as H,0. Although a variety of mineralizing agents, such as
gases containing boron and fluorine, may have been present, no
boron or fluorine minerals were seen either in the gneiss itself or
in the contact-metamorphic zone.

PRINCETON QUARTZ MONZONITE

Excepting the border facies of the quartz monzonite in the
Chalk Creek district, this quartz monzonite has a practically
uniform texture in the batholith and in the smaller stocks, and
from the center to the inclosing walls. The grain, which is
medium to coarse, indicates a considerable degree of fluidity of
the magma. .

This quartz monzonite was probably intruded under nearly
the same thickness of cover as was the gneiss. The temperature
' of the inclosing rock was materially raised for a considerable
distance from the intrusive rock, as shown by the wide contact-
metamorphic zone. Hence the crystallization of the quartz
monzonite took place under fairly uniform conditions of cooling
even at the contact. The increase in temperature of the wall-rock
was doubtless caused chiefly by the heat from the large bodies of
magma which formed the massive quartz monzonite, but it is not
improbable that at the time of this intrusion there still remained
some heat effects of the previous gneiss intrusion.

Mineralizing agents doubtless had some part in maintaining
the fluidity of the magma. Although the contact-metamorphic
zone is apparently comparatively free from minerals which con-
tain the common mineralizers except water, the presence of boron
and probable flourine, in the magma is indicated by the tourmaline
in the pegmatitevein at Boss Lake.

GRANITE

The granite may have been intruded under a thick cover
soon after the quartz monzonite had crystallized and cooled, or
it may have been intruded at a much later time after erosion
had materially lowered the general surface of the region. The
granite porphyry facies at the margin of the stock in Browns
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Gulch points to a comparatively cold wall rock and consequent
rapid cooling. That considerable fluidity was maintained almost
throughout the process of crystallization in most of the body is
shown by the coarse texture of the granite and by a coarsely
crystallized quartz-feldspar vein, less than an inch thick, extending
from the granite into the large inclusion of Pomeroy quartz mon-
zonite. That the bulk of the rock crystallized after the granite
magma came to rest is indicated by the marginal facies of granite
porphyry which carries small automorphic quartz and feldspar
phenocrysts in a microgranitic to micrographic groundmass.
The original heat of the mass and that evolved during crystal-
- lization were doubtless important factors in preserving a low
viscosity, but mineralizing agents common to granite magmas
were probably also very effective. Among these mineralizers,
gases containing fluorine and hydroxyl were present as evidenced
by the minerals which have crystallized in the miarolitic cavities.

ANDESITE

The andesite magma was one of the least acid in the district,
and would probably have crystallized with about the same texture
as that of the quartz diorite under the same geologic conditions.
The fabric points to a viscous magma. The geologic occurrence
indicates that the viscosity was largely caused by rapid cooling,
owing to a comparatively thin cover and small quantity of the
intrusive rock.

QUARTZ LATITE PORPHYRY

The bent and broken condition of the phenocrysts of the
quartz latite porphyry shows that they had formed before the
magma came to rest. The incomplete crystallization of the
groundmass points to a high viscosity. While this viscosity was
doubtless influenced by a high proportion of alumina, potash, and
silica, the most important factor was probably rapid cooling on
account of the comparatively small body of magma and a thin
cover.

ETNA PORPHYRY

The texture of this porphyry, excepting a narrow marginal,
felsitic facies where the long dike cuts the granular intrusives,
is uniformly much coarser than that commonly seen in aphanitic
rocks. The felsitic border mentioned would indicate that the
gneiss and the massive quartz monzonite had completely cooled
prior to the intrusion of Etna porphyry, and also that the very
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large phenocrysts are not of intratelluric origin. Had the pheno-
crysts formed before the magma came to rest, they might reason-
ably be expected to be distributed in the rock close to the walls
as well as at a distance.

The quartz monzonite porphyry magma, as a whole, must
have had a low viscosity to permit the development of the
very large phenocrysts and fairly coarse groundmass. It is
not impossible that the porphyry now exposed crystallized in
openings through which the magma reached the surface as a
flow. Under these conditions continuous passage could warm the
wall rock sufficiently to prevent rapid cooling of the magma after
the movement had stopped.

Regardless of the part that may have been played by high
temperature, mineralizing agents must be considered an important
factor in maintaining the low viscosity. The growth of orthoclase
crystals after a large proportion of the plagioclase had erystal-
lized suggests the presence of catalytic agents that would offset
in some degree the viscosity that a high proportion of quartz and
orthoclase in solution would tend to cause. This growth may
‘have been promoted by an increasing proportion of water in the
residual mother-liquor, owing to the withdrawal from the solution
of the oxides that entered into the crystallization of the older
constituents.

RELATIONSHIPS OF THE PREDOMINANT ROCK TYPES
TEXTURAL RELATIONSHIPS

The general similarity of texture that has often been noted
in various regions among closely related rock types originating
from a common magma, is nearly absent from the rocks here
considered. The table below shows the prevailing textural vari-
eties of five of the intrusive rocks which have a similar chemical
and mineral composition. The granite and the quartz diorite
have a texture similar to that of the Princeton quartz monzonite.

Rock Texture
Quartz monzonite gneiss.......... Extremely coarse, porphyritic
gneissic.
Princeton quartz monzonite....... Medium to coarse, even-gran-

ular.



184 MONARCH AND TOMICHI DISTRICTS

Rock

Pomeroy quartz monzonite

Texture
..... Hypautomorphic crystals of
plagioclase and ferromag-
nesian minerals with much
interstitial graphically in-
tergrown quartz and ortho-
clase.

Etna quartz monzonite porphyry..Large, conspicuous orthoclase

Quartz latite porphyry

phenocrysts, smaller plagio-
clase, hornblende, and bio-
tite phenocrysts, subordi-
nate microgranitic ground-
mass.

............ Numerous small phenocrysts

in predominant ' ground-
mass partly glass.

MINERAL RELATIONSHIPS

The similarity in mineral composition of the analyzed rocks
is brought out in the following table:

Mineral composition of intrusive rocks of the Monarch district

1 2 3 4 5 6 7 8

AN DN T AR ) ity e 13.7 [17.5 |22.9 |18.8 |30.4 |13.0 [14.6 |[21.8
Orthoclase and micro-

clines b oo [18:9 [28.6 /(8126 "(25.8% [33;95°112.855131.15 [i32.4
Plagioclase. ......... 39.8! 140.5% |36.1% |42.5* |31.6° [ 53.17 |42.7% |30.4°
Angite., s Res RS NGOt ell - iR i - Eol el e of (B S e S
Hornblende.........[ 4.1 [ 6.9 |rare| 2.9 |..... 4.4 1.9 3.6
Biotite. .. . o . 16,07 [ 54200 || F16.50 |F 820 21951047 7.3 8.0
[rontore St oS 2.4 [ w202 1.9 1.2 2| 49 .9 15
Mitanite: s oo . o sl little |little .6 .6 .8 1.0 1.4
VW) i s pe e e e e S | R o e, Iittlel k- S | o | o S et g e
Apatite............. |little|little .3 | little | little 9 .3 15
Zircon.............. |little| little [ little | little | little | little | little | little

1Ab;An; to Ab,An,
2Ab,An,

3AbsAn;

1Ab,An; to Ab,An;
50rthoclase molecule

1. Quartz diorite.

Granite.
Andesite.

00 =1 O U W

Pomeroy quartz monzonite.
Quartz monzonite gneiss.
Princeton quartz monzonite.

Quartz latite porphyry.
Etna quartz monzonite porphyry.

SAlbite molecule 29.34, anorthite mole-
cule 2.22

7Ab,An,

5Ab;An,

9Ab,;An;
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Excepting the granite, all are closely related, and differ
among themselves chiefly in the proportions of the essential
components. The persistence of considerable quartz, orthoclase,
and biotite throughout the series is noticeable. Hornblende and
andesine are found in all except the granite, though hornblende
is extremely rare in the gneiss. Titanite is a very common acces-
sory, and present in considerable quantity. It was not seen in
the few andesite slides examined, but its possible presence is
suggested by the considerable titania content shown by the
analysis. Awugite and allanite are the only primary minerals
- noted that are not present in most of the rocks.

CHEMICAL RELATIONSHIPS

Although there was comparatively little differentiation in
any one of ‘the several bodies after it was intruded, there was
much abyssal differentiation, that is, prior to the ascent of the
magma. This resulted in splitting off such different magmas as
those which formed the granite and quartz diorite, respectively.
Since the Princeton quartz monzonite exceeds all the other intru-
sions many times, in areal extent and evidently in volume, it is
very probable that it fairly closely represents the parent magma.
A mixture of the granite, Pomeroy quartz monzonite, quartz
diorite, and andesite in the-proportions in which these rocks occur
in the region might differ slightly in chemical composition from
the Princeton quartz monzonite. Yet they form but a very small
fraction of the whole volume of the intrusive rocks. If these
rocks alone had separated from the parent magma, they could
not have materially affected the composition of the remainder,
which may be considered as the approximate equivalent of the
Princeton quartz monzonite.

For comparison, the nine analyses of Monarch rocks recorded
in the preceding chapter, with the molecular proportions of the
essential oxides, are brought together in one table (p. 186). The
general relationship of the several rocks is better shown in the
accompanying variation diagram (Fig.5). The molecular propor-
tions of silica are plotted as abscissas, the molecular proportions
of the other oxides as ordinates.
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1.1 Quartz diorite. Shoshonose. Lost Mountain.
2. Andesite. Shoshonose. Jennings Gulch.
3. Quartz diorite (monzonitic). Shoshonose. Monarch.

4. Pomeroy quartz monzonite. Amiatose. Pride of the West tunnel, Pomeroy
Mountain.

5. Quartz latite porphyry. 7Toscanose. Mohammed tunnel, Middle Fork.,

6. Etna quartz monzonite porphyry. Toscanose. Clover Mountain.

7. Princeton quartz monzonite. Toscanose. Taylor Mountain.

8. Quartz monzonite gneiss. 7oscanose. Jennings Gulch.

9. Granite. Liparose. Browns Gulch.

10. Porphyrite. Yellowstonose. Storm Ridge. L. G. Eakins, analyst. Cross,
Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1893, p. 227, Washing-
ton, H. S., Prof. Paper U. S. Geol.” Survey No. 14, 1903, p. 188; Clarke, F. W., Bull.
U. S. Geol. Survey No. 419, 1910, p. 111.

11. Diorite. 7Tonalose. Brush Creek. L. G. Eakins, analyst. Cross, Whit-
man, Bull. TU. S. Geol. Survey No. 150, 1898, p. 242; Washington, H. S., op. cit., p.
234; Clarke, F. W., loc. cit.

12. Porphyritic diorite. Yellowstonose. Mount Marcellina. T. M. Chatard,
analyst. Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1893,
p. 227; Washington, H. S., op. cit., p. 188; Clarke, F. W., loc. cit.

13. Hornblende-mica porphyrite. Adamellose. Cliff Creek. W. F. Hillebrand,
analyst. Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 227;
‘Washington, H. S., op. cit., p. 222; Clarke, F. W., loc. cit.

14. Quartz porphyrite. Amiatose. Mount Carbon. T. M. Chatard, analyst.
Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 227; Wash-
ington, H. S., op. cit., p. 182; Clarke, F. W., loc. cit.

15. Quartz porphyrite. Lassenose. Crested Butte. L. G. Eakins, analyst.
Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 227; Wash-
ington, H. S., op. cit., p. 176; Clarke, F. W., loc. cit.

16. Rhyolite. Zoscanose. Round Mountain. L. G. Eakins, analyst. Wash-
ington, H. S., op. cit., p. 162; Clarke, F. W., loec. cit.

17. Rhyolite. Alsbachose. East Mountain. L. G. Eakins, analyst. Wash-
ington, H. S., op. cit., p. 136; Clarke, F. W., loc. cit. :

18. Diorite porphyry. Andose. Wellington mine, Breckenridge district.
W. T. Schaller, analyst. Ransome, F. L., Prof. Paper U. S. Geol. Survey No. 75,
1911, p. 62.

19. Hornblende-mica porphyrite. Amndose. Buckskin Gulch, Leadville dis-
trict. W. F. Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol.
12, 1886, p. 340; Washington, H. S., op. cit., p. 276; Clarke, F. W., op. cit.,, p. 109;
Ransome, F. L., loc. cit.

20. Diorite porphyry. Amlu.s-v.‘ Wellington mine, Breckenridge district.
W. T. Schaller, analyst. Ransome, F. L., loc. cit.

21. Diorite porphyry, McNulty type. Lassenose. Tenmile district. L. G.
Eakins, analyst. Washington, H. S., op. cit., p. 174; Clarke, F. W., op. cit., p. 110;
Ransome, F. L., loc. cit.

22. Quartz-hornblende-mica porphyrite. Yellowstonose. Gold Hill, Tenmile
district. W. F. Hillebrand, analyst. Cross, Whitman, Fourteenth Ann. Rept.
U. S. Geol. Survey, pt. 2, 1893, p. 227; Washington, EL. S., op. cit., p. 186; Clarke, .
F. W., op. cit., p. 110; Ransome, F. L., loc. cit.

23. Quartz monzonite porphyry. Amiatose near Yellowstonose. Mount Guyot,
Breckenridge district. R. C. Wells, analyst. Ransome, F. L., loc. cit.

24. Biotite porphyrite. ZTe¢nalose. North Mosquito Amphitheater, Leadville
district. W. F. Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey,
vol. 12, 1886, p. 340; Washington, H. S., op. cit., p. 232; Clarke, F. W., op. cit.,
p. 109; Ransome, F. L., loc. cit.

25. Granite porphyry. 7oscanose. Jefferson tunnel, Tenmile district. W. F.
Hillebrand, analyst. Washington, H. S., op. cit.,, p. 162; Clarke, F. W., op. cit.,
p. 110; Ransome, F. L.: loc. cit.

26. Lincoln porphyry. Lassenose. Mount Lincoln, Leadville district. W. F.
Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, 1886, p.
332; Washington, H. S., op. cit.,, p. 174; Clarke, F. W., op. cit., p. 108; Ransome,
F. L., loc. cit.

27. Diorite porphyry. Yellowstonose. Copper Mountain, Tenmile district.
L. G. Eakins, analyst. Washington, H. S., op. cit., p. 186; Clarke, F. W., op. cit.,
p. 110; Ransome, F. L., loc. cit.

28. Quartz porphyrite. Toscanose. Sugarloaf, Tenmile district. L. G. Eakins,
analyst. Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, p. 227;
‘Washington, H. S., op. cit.,, p. 162; Clarke, ¥. W., op. cit., p. 110; Ransome, F. L.,
loc. cit.

1Nos. 1 to 9 are analyses of rocks of the Monarch district, by R. M. Butters.
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29. Quartz monzonite porphyry. Amiatose near Toscanose. Brewery Hill,
Breckenridge district. R. C. Wells, analyst. Ransome, F. L., loc. cit.

30. Gray porphyry. 'Yellowstonose. Johnson Gulch, Leadville district. W. F.
Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, 1886, p.
%‘32; Washington, H. 8., op. cit., p. 176; Clarke, F. W., op. cit., p. 109; Ransome,

. L., loc. cit.

31. Quartz monzonite porphyry. Toscanose. Browns Gulch, Breckenridge
district. R. C. Wells, analyst. Ransome, F. L., loc. cit.

32. Quartz porphyrite. Lassenose. Chicago Mountain, Tenmile district.
‘W. F. Hillebrand, analyst. Cross, Whitman, Fourteenth Ann. Rept. U. S. Geol.
Survey, pt. 2, p. 227; Washington, H. S., op. cit.,, p. 176; Clarke, F. W., op. cit.,
p. 110; Ransome, F. L., loc. cit.

33. Granite porphyry. 7oscanose. McNulty Gulch, Tenmile district. W. F.
Hillebrand, analyst. Washington, H. S., op. cit., p. 162; Clarke, F. W., op. cit.,
p. 110; Ransome, F. L., loc. cit.

34. White porphyry (not fresh). Riesenose. California Gulch, Leadville dis-
trict. W. F. Hillebrand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol.
12, 1886, p. 326; Washington, H. S., op. cit.,, p. 138; Clarke, F. W., op. cit., p. 108;
Ransome, F. L., loc. cit.

35. Mount Zion porphyry. Toscanose. Prospect Mountain, Leadville district.
L. G. Eakins, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, 1886,
% 31%6;1Washington, H. S., op. cit., p. 162; Clarke, F. W., op. cit., p. 108; Ransome,
', L., loc. cit.

86. Nevadite. Liparose. Chalk Mountain, Leadville district. W. F. Hille-
brand, analyst. Cross, Whitman, Mon. U. S. Geol. Survey, vol. 12, p. 349; Bull.
U. S. Geol. Survey, No. 150, 1898, p. 164; Washington, H. S., op. cit., p. 148;
Clarke, F. W., op. cit., p. 109.

Of the nine types analyzed, five have essentially the chemical
composition of medium-acid to acid quartz monzonite (Brogger’s
banatite and adamellite). These differ chiefly in the proportion
of silica, alumina, and lime. Three of the five—the quartz mon-
zonite, quartz monzonite gneiss, and Etna porphyry—differ but
little throughout. The quartz diorite is also chemically monzo-
nitic, but the considerable development of biotite, owing probably
to the high content of alumina and ferrous oxide, materially
reduced the potash available for the formation of orthoclase, and
the high alumina and lime resulted in the development of much
of the anorthite molecule. The rock, therefore, contains too much
lime-soda feldspar in proportion to orthoclase to be classed with
the monzonites.

Although there are no very basic rocks in the region the
silica range between the quartz diorite and granite is rather wide.
The diagram shows the general, though not uniform, decrease in
alumina, lime, magnesia, and ferrous iron, with increasing silica.
The total alkalis are fairly high and, in general, increase slightly
with increasing silica. Soda and potash are commonly nearly
equal in amount. :

Considered in phases, there is a more uniform variation in
chemical composition from the less acid to the more acid rocks.
This progressive change is brought out in figures 6 and 7. The
composition of the Pomeroy quartz monzonite causes considerable
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irregularity in the curves. The gneiss, which is older than the
Princeton quartz monzonite, contains a little more silica than
the analyzed specimen from Taylor Mountain, which is probably
somewhat lower in silica than the quartz monzonite a few miles
farther north.

The phase of minor intrusions shows a much more uniform
progressive variation in all the oxides than does the plutonic
phase (fig. 7). The diagram lacks a member, however, corre-
sponding to the granite of the plutonic phase. An analysis of
one of the rhyolites would perhaps not differ greatly from that
of the granite, but the volume of the rhyolites is small, and their
exact position in the chronological series is not known. Even
with this exception, the two diagrams not only show the general
increase in silica content of the rocks during each phase, but also
a marked stability of the average mavgma during the two phases
which doubtless extended through a considerable period.

Although no analyses of the dike-rocks have been made,
microscopic study shows that they must have nearly the same
chemical range as the plutonic rocks. The order of intrusion of
the dikes is not known. Marked diaschistic or complementary
dikes are not noticeably present in the region.

COMPARISON WITH OTHER COLORADO ROCKS

A number of the supposed Tertiary igneous rocks of the Elk
and West Elk mountains and the Leadville, Tenmile, and Breck-
enridge districts of central Colorado have been analyzed by the
United States Geological Survey. Eighteen analyses of porphy-
ries of the Leadville, Tenmile, and Breckenridge districts, which
are in one general region, have been brought together in a table
and diagram by Ransome,* who points out their close relationship.

The present writer has added the analysis of the Chalk
Mountain nevadite to Ransome’s diagram, and combined this
modified diagram (18-36) and one showing the variation in the
rocks of the Elk and West Elk mountains (10-17) with the varia-
tion diagram of the Monarch rocks (PL XVIII).

These three groups of rocks are not far removed from one
another in space, and very probably all belong to the same general

iRansome, F. L., Geology and ore deposits of the Breckenridge district, Colo- :
rado: Prof. Paper U. S. Geol. Survey No. 75, 1911, pp. 60-62.
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period of Vu}canism. Though there are a number of minor differ-
ences the general similarity of the three groups is obvious. The
three diagrams are condensed in figure 8, which shows that, in
general, the differences between rocks of the different regions are
not greater than those between rocks of the same region. Both
chemically and mineralogically, the resemblances among the three
groups are as close as are ordinarily found among the various
types of a petrographic province.

The predominance of types having the chemical composition
of quartz monzonite is evident. The quantitative relation of each
type to the whole is unknown, but there is little doubt that the
Princeton quartz monzonite greatly exceeds any other in quantity
and may possibly equal all the others combined.

The textural differences are greater than the chemical and
mineral differences. While the rocks of the Monarch region
probably present far the greatest variety in texture, they have
some textural features in common with the rocks of the Elk and
West Elk mountains, and others in common with the rocks of
the Leadville-Tenmile-Breckenridge region. Certain porphyritic
textures are common to the three groups.



CHAPTER X
ECONOMIC GEOLOGY OF THE MONARCH DISTRICT
HISTORY OF MINING

In 1878 ore was discovered on the Great Monarch claim by the
Boone brothers. This was followed in 1878 or 1879 by discoveries
of ore, by the four Boones, on the Fairplay, Pay Master, Ben Bolt,
and Eclipse. N. C. Creede (?) located the Oshkosh in 1878 or
1879. At about the same time Smith and Gray discovered ore in
the Madonna and Silent Friend. Early in 1879 Daily found ore at
Cree Camp on the Song Bird claim, which he afterward sold to
Alex Cree. The Mountain Chief, Missouri Boy, Eagle Bird. and
others in Taylor Gulch, were soon located.

About 1878 a company was organized to prospect Pomeroy
Mountain. A large force was set at work driving the Pride of the
West tunnel at the head of North Fork. The equipment was the best
that could be had at that time, and no expense was spared to make
the surroundings attractive to the workmen. The work of the com-
pany stimulated prospecting throughout the North Fork valley and
Shavano soon became a flourishing settlement. In 1881 the rail-
road was built to Maysville which became a prosperous town, the
site of two small smelters, and the supply point for the North Fork
country as well as the South Fork, Middle Fork, and Taylor Gulch
areas. The double-track Pride of the West tunnel was driven into
Pomeroy Mountain nearly 1,300 feet. Having found no ore of
shipping grade the company suddenly suspended work, and the
North Fork valley was soon practically deserted.

Meanwhile prospecting continued in the vicinity of Mon-
arch, and several properties early began to produce ore. The first
ore shipped from this part of the district came from the Great Mon-
arch mine and was hauled by wagon to Canon City. It carried
about 200 ounces silver per ton. A small amount of ore from other
mines was freighted by wagon to Canon City before the railroad
was built to Maysville. The ore from most of the mines was of too
low grade to ship after hauling by wagon even to Maysville. The
owners of the Madonna, to whom the discoverers sold that claim,
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built a small smelter at the foot of the hill to treat the Madonna -
ores, but this was not a success. In 1883, A. Eilers saw the pos-

sibilities of the Madonna mine, secured the extension of the rail-

road from Maysville to Monarch—a distance of nine miles—and

organized the Colorado Smelting Company, which took over the

Madonna mine and erected the Colorado smelter at Pueblo. Since

an abundance of basic ore was supplied by the Madonna for fluxing

siliceous ores purchased from other Colorado districts, this enter-

prise was a success from the first.

, For about ten years, beginning with 1883, the production of

the district was large. In 1893 Monarch shared the common ex-
perience of Colorado silver-producing camps, and for some time
the district was nearly deserted. Within the past few years, how-
ever, with a home market for zinc and an increasing demand for
basic fluxing ores, there has been a revival of interest in the dis-
trict. The year 1910 was the best year in the history of the district
since the eighties. Like many other mining camps of the West in
1911 the district was quiet; this was in large measure owing to the
inability of the Monarch-Madonna Mining Company to handle the
water in the winze below No. 6 level of the Madenna mine, with
the available equipment. In 1912 development work progressed
vigorously ; good ore was opened up in the Garfield mine, several
carloads of good ore were shipped from a recently-discovered body
in the New York mine, payable ore was uncovered in the Eclipse
mine, and a body of high-grade ore was partly blocked out on the
lowest levels of the Madonna mine when an accident to the pump
caused a temporary suspension of work.

That the production of the region has not been greater is due
in part to the methods of a number of mine owners who have been
satisfied to acquire modest fortunes with the least possible risk.
Very little development work was carried on in the early days in
some of the good mines while ore was being taken out, and they
were closed when the known ore bodies began to fail. To the
credit of the district it should be stated that there has been a min-
imum of expensive litigation among the mine owners. Probably
not more than two mines have ever been shut down pending court

decisions.
PRODUCTION

Since there have been so many estimates, guesses, and exagger-
ated statements as to the output of the district a special effort has
heen made by the Survey to secure data which would be reason-
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ably accurate. Many of the mine owners have co-operated, and
the result is fairly satisfactory. The tonnage and value, by years,
have been obtained for the Eclipse, Fairplay, Lilly, and Madonna
mines, but in most instances only the total production could be
learned. Conservative estimates have heen accepted for a few
mines of which the exact output was not known.

The district has produced ore having a gross value of probably
not less than $9,000,000, and possibly $10,000,000. Of this amount
the Madonna mine has produced nearly $5,000,000. The produc-
tion of several others is mentioned in the description of the mines.

WATER SUPPLY AND TIMBER

Precipitation during the winter is heavy, and the snow that
accumulates on the highest slopes may remain until nearly the
end of summer. The melting snow and frequent showers furnish
abundant water within the district for every purpose during the
summer. In the winter the streams are continually fed by nu-
merous Springs. "

Formerly pine, spruce, and fir covered most of the slopes be-
low timber line, but much of the timber is now removed. Although
a few restricted areas are still densely forested, the renewal of a
demand, such as existed in the eighties, would soon exhaust the
supply in the immediate vicinity of the mines. Even now a large
.part of the timber used comes from near Leadville.

GROUND WATER

Owing probably to the high relief of the region and the broken
and readily soluble character of the rocks, the level of the ground
water in the sedimentary area is low. It has probably not yet been
reached by any mine in the district excepting possibly the Colum-
bus, Fairplay, and Madonna mines. During the long winters when
the ground is frozen and precipitation takes the form of snow the
mines are comparatively free from water. Even the winze below
No. 6 level of the Madonna mine was sunk 155 feet in dry ground
though it perhaps reaches a depth of 50 feet or more below the
level of the creek which is less than half a mile away. The bottom
of the winze is about 800 feet vertically below the surface. The
Eclipse mine on the slope of Monarch Hill has reached a vertical
depth of 800 feet in dry ground, below the surface. Near the head
of Taylor Gulch, the bottom of a winze sunk 200 feet or more below
the tunnel level of the Lilly mine is about 800 feet below the sur-
face and the same depth below the level of the creek at Cree Camp
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about 1,500 feet distant; yet there has never been a pump in this
mine and the winze has been nearly free from water even during
the rainy seasons. In the sedimentary area of the district, there-
fore, it is safe to say that the level of ground water is generally at
least 800 feet below the surface. Near the permanent streams it is,
of course, probably near the surface.

No information concerning the depth of the level of ground
water in the igneous and regionally-metamorphosed rocks is avail-
able. During the summer, water flows continuously from the Co-
lumbus tunnel in a fissure vein which is in the Princeton quartz
monzonite, on the south slope of Taylor Mountain. But in view
of the summer rains and the great volume of melting snow this
fact probably has no significance. \

During the seasons of rain and of melting snow, ground water
is present at almost any level of most of the mines. In places the
volume is considerable though generally not enough to materially
increase the cost of mining. 7Though the ground water increases
the weight of most of the ore, the slight disadvantage of a high
moisture content is perhaps many times compensated by the
lengthened life of mine timbers in wet mine workings. The only
place where the water has seriously interfered with mining is be-
low No. 6 level of the Madonna mine. Manager Burton estimates
that with pump and bucket water was raised from this winze at
the rate of at least 175 gallons a minute during the first part of
the summer of 1912.

THE ORE DEPOSITS
SURFACE INDICATIONS OF ORE BODIES

The first ore that was discovered in the district—that on the
Great Monarch claim—outcropped between black dolomite walls
in the cliff about a quarter of a mile east of Monarch. Here rich
silver ore was in contact with dark gray to black smithsonite. On
the Madonna, Eclipse, Lilly, Last Chance, and Exchequer claims
much limonite (gossan) may be seen at the surface. Limonite in
smaller quantity is found at the surface on a few other claims.
Manganese dioxide is at or near the surface on a few claims that
have produced ore. Copper slightly stains the rocks along the
limestone-granite contact on the southwest slope of Missouri Hill
ahove the ore bodies of the Clinton mine.

Some of the fissure veins of the unglaciated areas show only
an outcrop of barren quartz; others carry considerable limonite.
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Sulphide minerals with quartz are exposed in a few of the fissure
veins in the glaciated areas.

CHARACTER OF THE ORES

Most of the known ore of the Monarch district is basic ore,
and nearly all that is now being mined is shipped, without treat-
ment, directly to the smelters. A little silica from altered chert
is present in the replacement deposits in limestone, and the border -
of ore shoots in immediate contact with granite as, for example,
that on the No. 6 level of the Madonna mine, is likely to run high
in silica. Quartz is found with but few important ore bodies ex-
cept those in fissure veins. Silicates have been found in a few con-
tact deposits. Aside from the lime which materially increases the
basicity of some of the ores, there is generally more than eﬂough
iron to satisfy the silica present. The “excess iron” commands a
price dependent on the demand for basic ores. By excess iron is
meant the quantity present after deducting sufficient, as deter-
mined by assays, to satisfy the silica content. Manganese in oxide
form in the Mason, Clinton, and Rainbow-Eagle Bird mines in-
creases the value of the ore by lessening the treatment charges.

Hitherto the greater part of the product of the district has
been oxidized ore, chiefly silver-bearing lead carbonate, in which
bunches of sulphide have been found at any depth. /

Monarch Hill produces mainly ores of lead, silver, gold, and
zine, with some copper in the Madonna and Eclipse mines. The
ores of Taylor Gulch are of copper, silver, gold, lead, and zinc. Co-
lumbus Gulch has produced silver, gold, copper, and lead. The
Middle Fork ores are chiefly of silver, gold, and lead. The mines
and prospects of North Fork have produced chiefly silver and lead.
Molybdenum is present in Browns Gulch.

During the period of greatest activity in this district there
were no zinc smelters in Colorado, and much zinc ore was left in
the mines. Part of this is now being taken out. The silver of
much of the silver-zinc and silver-lead-zinc ores was recovered by
mixing these ores with ores of lead and of silver and lead and at
the same time keeping the zine content below the limit fixed by the
smelters.

TENOR OF THE ORES

Since so few records of tonnage and values have been kept
it is impossible to determine the exact average value of the ores.
An estimate of the average value based »u data in hand from a
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number of mines would be about $20 to $25 per ton for‘the ores
of Monarch Hill and considerably higher for those of Taylor Gulch.
'The comparatively small tonnage from near the head of Middle
Fork must have averaged considerably higher in value than the
ores of Monarch Hill or it could not have been profitably mined.
The ore in the present workings of the mines of North Fork could
not be profitably mined without concentrating. The report of the
Director of the Mint, for 1882, states that the Columbus ore would
average $40 per ton, while a considerable amount mined in 1880,
carried 1,200 ounces silver. The Madonna ores have averaged
about $24 per ton. The copper ores of the Lilly mine average about
10 per cent copper. Basic ore worth $7.00 a ton net—that is,
above freight and treatment charges—can be mined at a i)roﬁt‘ un-
der present conditions.

The range in value is very great—about $5.00 to $5,000.00 per
ton. A few carloads shipped from the district have returned
about $1.00 a ton after paying freight and treatment charges.
On the other hand, a carload from the Fairplay mine carried
130.75 ounces silver per ton, 39.95 per cent zinc, and 10.05 per
cent lead. The best carload from the Little Charm mine re-
turned from the smelter .48 ounces gold and 226.2 ounces silver
per ton, and 24.5 per cent lead. A sample from the Rainbow-
Eagle Bird mine assayed .26 ounces gold and 3,180 ounces silver
per ton. A sample from a streak one to six inches wide on the
lowest level of the Madonna mine, assayed for the Survey by
H. F. Watts, of Boulder, carried 65.10 ounces gold and 5,974.9
ounces silver per ton and 24.3 per cent lead.

The moisture content ranges from 5 to 20 per cent. The greater
part of the ores carries between 10 and 14 per cent moisture.

MINERALOGY OF THE ORES

In describing the minerals it is intended to mention only those
characters which the minerals of the district possess. Some of the
metallic minerals listed here are not found in this region in suffi-
cient quantity to be considered ores, as, for example, wulfenite and
molyhdic ocher. The iron and manganese minerals are included
in the list because, by virtue of their fluxing properties, they add
to the value of the ores. For the convenience of miners and pros-
pectors who may not have at hand a text-book of mineralogy the
percentage of the principal metal of each mineral is given. The
minerals are arranged alphabetically under the name of the char-
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acteristic metal of each group. Of the metallic minerals observed,
several are primary—that is, were deposited originally in the con-
dition in which they are now found. These are: hematite, magne-
tite, pyrite, pyrrhotite, galena, molybdenite, and sphalerite. Sec-
ondary minerals—those derived from others—are more numerous
in the district. Those which are secondary in the occurrences noted
are: azurite, chalcocite, chrysocolla, native copper, cuprite, mala-
chite, tenorite, limonite, turgite, anglesite, cerussite, wulfenite,
psilomelane, pyrolusite, molybdite, argentite, cerargyrite, native
silver, calamine, and smithsonite. It is not known whether the
bornite and chalcopyrite observed in small quantity are primary
or secondary.
COPPER

Azurite, basic cupric carbonate, 2CuCO,.Cu(OH),—copper
55.3 per cent. This mineral occurs as a blue coating on surfaces
of jointed limestone, and it is also disseminated in the mineralized
limestone near the copper-ore bodies. It is also present in massive
form associated with malachite. It is quite common in the Lilly
and Major mines. '

Bornite, copper-iron sulphide, Cu,FeS,—copper 55.5 per cent.
Bornite occurs in small quantity in pegmatitic quartz on the High-
land claim south of the South Arkansas.

Chalcocite, cuprous sulphide, Cu,S—copper T79.8 per cent.
Good chalcocite was seen by the writer only in the Hercules tunnel
where it fills a narrow fissure in the quartz monzonite. It is
nearly black, and friable.

Chalcopyrite, copper-iron sulphide, CuFeS,—copper 34.5 per
cent. This mineral occurs in the lower workings of the Lilly and
probably in the Columbus. Tt is brass-yellow and massive.

Chrysocolla, copper silicate with water, CuSiO,.2H,0—copper
36.1 per cent. This is found as a sky-blue mineral coating the walls
of small cavities in the Lilly mine and filling narrow fissures in
other copper ores.

Copper, native, Cu. Native copper was found near the surface
in the Lilly mine and has also been reported from the Columbus
mine. y

Copper-bearing pyrite, sulphide of iron with a variable
amount of copper, FeS,. It is found in the Lilly mine in
bunches surrounded by oxide of iron derived from it. It is also
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found in several prospects. It is massive and brass-yellow ; some-
times it shows purple tarnish.

Cuprite, cuprous oxide, Cu,0—copper 88.8 per cent. This is
present in the Lilly mine both as a soft red mineral intimately as:
sociated with iron oxide, and as purer, harder, crystallized mineral.

Malachite, basic cupric carbonate, CuCO,.Cu(OH),—copper
57.54 per cent. This green carbonate is present