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GEOLOGY AND ORE DEPOSITS NEAR LAKE CITY, COLO.

By Jorn DuEer Irving and HowLaNDp BaNCROFT.

FIELD WORK.

The field work on which this report is based was begun by the
United States Geological Survey in the summer of 1904. During
August of that year J. D. Irving spent a month in the district
examining the properties then accessible and collecting notes and
specimens for study. In the summer of 1908 new developments in
the region made another examination expedient, and Howland
Bancroft was sent to collect additional information and to bring
Mr. Irving’s observations up to date.

The mines have been worked for a long time and in a desultory
manner and many of them have been abandoned, so that only a small
part of the ore bodies that have been worked can now be examined.
The data collected are thus necessarily fragmentary and the writers’
generalizations are the result of field work done under somewhat
difficult and unsatisfactory conditions.

This report is written jointly by Mr. Irving and Mr. Bancroft and
is based both on the original field observations and the later observa-
tions and collections. For the chapter on the geology of the region
the authors are indebted to Whitman Cross, who is also largely
responsible for the geologic map.

ACKNOWLEDGMENTS.

To the owners and operators of the mines in the Lake City district
the cordial acknowledgment of the authors is extended for maps of
workings, statistical data, opportunities to study cost sheets and
assay results, and unreserved permission to enter and study all acces-

. sible underground workings.

The long and eventful history of this camp and the changes of
personnel in the mining population consequent on the many alternat-
ing periods of depression and intense activity have made the collec-
tion of accurate historical information very difficult. The history
of the district (pp. 12-14) has been compiled chiefly from notes fur-
nished by Mr. J. J. Abbot, who has been long and intimately associated

9



10 GEOLOGY AND ORE DEPOSITS NEAR LAKE CITY, COLO.

with the region and whose courteous aid is highly appreciated by the
writers. These notes would be inserted in full as a section by Mr.
Abbot if the limitations of space permitted. :

GEOGRAPHY.

LOCATION AND GENERAL FEATURES.

The Lake City quadrangle is in southwestern Colorado, between
longitude 107° 15" and 107° 30’ W., and latitude 38° and 38° 15’ N.,
adjoining the Ouray quadrangle on the west. (See fig. 1.) It covers
about 235.7 square miles and contains some of the most rugged

109° 108° 107° 106°

é‘ Gré{qd J\Enc;tlon/ \.—~ 4 A\ u
IS i NN A B .
N4

37

106°

[ 20 40 60 80 100 Miles
) )

FIGURE 1.—Index map of a portion of Colorado, Sh‘r’é}j&% the location of the mining region discussed in this
mountains in Colorado, the most notable probably being Uncom-
pahgre Peak, which stands 14,306 feet above sea level.

Lake City, a view of which is shown on Plate IT (p. 12), is in the
heart of the San Juan Mountains, in the northern part of Hinsdale
County, at the junction of Lake Fork, a southern tributary of Gun-
nison River, and Henson Creek, which flows into Lake Fork from the
west. The town is 8,663 feet above sea level, nearly the lowest point
in the mining region here discussed. The ore deposits described are
scattered along Henson Creek, to the west of Lake City, for about 10
miles and to the south, along Lake Fork and the western shores of
Lake San Cristobal, for about 3 miles. The main region studied
embraces an area of about 78 square miles, extending from latitude
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GEOGRAPHY. : 1

38° to 38° 5’ N., and from longitude 107° 15’ to 107° 30’ W. To
this is added about 3 square miles in the vicinity of Lake San Cristo-
bal and about its shores. The location of these areas is shown in the
index map forming figure 1 and in detail in Plates I and III and fig-
ure 20.

The region may be reached most conveniently through the valley
of Lake Fork. Before the advent of the railroad a2 wagon road
along Lake Fork served as the principal means of access, and the
active development of the district from 1871 to 1889 was possible
only under the stimulus of the discovery of rich ores. From other
directions Lake City is accessible by wagon road from Creede and
Silverton, and by a steep and rather hazardous trail from Ouray,
on the west.

A branch of the Denver & Rio Grande Railroad from Lake Junc-

tion, 36 miles north of Lake City, now connects the town with the main
narrow-gage line. From Lake City good wagon roads or trails
lead to the principal mines; supplies are hauled as far as possible by
teams and are then transferred to pack trains.

TOPOGRAPHY.

The surface of the region is composed principally of igneous rocks,
which, under the action of streams, glaciers, and atmospheric agencies,
have been wrought into a topography that is notable for its extreme
roughness and irregularity. Viewing the country from Uncompahgre
Peak, one is impressed by the approximate uniformity in the heights
of the many high peaks of the San Juan Mountains and is led to con-
clude that these summits represent a formerly existing plateau which
has been dissected by deep erosion.

The average difference in elevation between the stream beds and
the ridges separating them is about 2,000 feet, but in some places the
divide between two forks of the same small stream rises to heights of
3,000 feet or more above the bottom of the gulch. The lowest alti-
tude in the quadrangle is slightly over 8,000 feet above sea level,
and the elevation of Uncompahgre Peak, not over 12 miles distant,
is 14,306 feet.

The region is in general drained toward the north, but the principal
mining area is traversed by an eastward-flowing stream called Henson
Creek, which, in the lower part of its course, runs through a deep,
picturesque canyon. (See PL II, p. 12.)

OFFICIAL MINING DISTRICTS.

Hinsdale County is divided into mining districts, which here, as in
other mining regions, have somewhat indefinite boundaries. As out-
lined by the legislative act of 1893, this part of Hinsdale County con-
tains two districts, the Galena and the Lake. The Galena district,
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named from the presence of considerable quantities of the mineral of
that name in the earlier exploited ores, extends westward along Hen-
son Creek from Lake City to the Ouray and San Juan County lines.
The Lake district, so called from its proximity to Lake San Cristobal,
embraces the north and east portions of Hinsdale County. It
extends southward from Lake City and westward along the valley
of Lake Fork, including such prominent mines as the Golden Fleece,
Black Crook, Isolde, and others in the section known as Burrows

Park.
CLIMATE.

The effect of climate on the mining industry is fully appreciated by
those who are engaged in mining operations in this region. In winter
the streams are frozen and most of the mines are forced to use steam
or ‘gasoline engines instead of water power. The extra expense is
great. Snow is so deep from December to April that operators of
mines near timber line have to lay in supphes for the w1nter or cease

work until spring.
TIMBER.

. 9 .

The timber in this region is all spruce or aspen, much of it available
for use in the mines. The laws regarding the use and purchase of
timber on mining claims, forest reserves, etc., are contained in brief
in the ““Use book” published by the Forest Serwce of the Department
of Agriculture.

“Dry rot” of mine timbers is said to be a little more prevalent in
the mines of the Lake City region than in most of the other mining
districts in the vicinity. It is possibly due to the use of green timber
in many of the workings; to insufficient circulation of air; to mois-
ture in the shafts, adits, stopes, etc., sufficient to propagate fungous
growth and not enough water to wash it away; and to the total neg-
lect to use preservatives. The remedies for these evils are self-
evident. If a few inexpensive precautions were taken, accidents to
mine workings would greatly decrease. Circular No. 111 of the
Forest Service gives a good brief account of methods of prolonging

the life of mine timbers.
. ’ HISTORY.!

The history of the Lake City mining region is one of alternations—
of general depression and of excessive activity—which have rendered
its existence a little more eventful than that of the neighboring towns
in the San Juan Mountains. These alternations have been due to
several causes, but chiefly to the extreme richness of a few of the
ore bodies discovered and the poverty of the rest. The periodical
discoveries of new ore bodies of promising appearance were immedi-
ately followed by great inrushes of all sorts of people, whose presence

1 Based mainly on notes furnished by Mr. J. J. Abbot, some of which are quoted directly.
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A. VIEW OF LAKE CITY, COLO.
Photograph by Whitman Cross.

B. VIEW OF NORTH SIDE OF HENSON CREEK.

Photograph by Whitman Cross.



HISTORY. ' 13

‘made the country thrive for a time. Similar variant conditions have
prevailed to a greater or less extent in almost all mining centers, but.
in few places in Colorado have they been so pronounced as at Lake
City.

Precious metal was probably first discovered in the Lake City area
about 1842 by a member of the Fremont party, but no one, not even
* the explorer, has been able to locate the place or even the stream
from which the first small amount of gold was panned. On August
27, 1871, with the discovery of the Ute and Ulay veins by Harry
Henson, Jorl K. Mullin, Albert Meade, and Charles Godwin, the his-
tory of Lake City began. At that time all of the land which is now
the “San Juan” belonged to the Indians. The reports of mineral
wealth brought many prospectors into the region, and the red men
became very much irritated at the frequent encroachments upon
their domain. Finally, in 1874, to avert open hostilities, a treaty
was drawn up and ratified by the Senate, whereby a strip of land 60
miles wide and 75 miles long was ceded to the United States Govern-
ment by the Ute Indians.

In August, 1874, Hotchkiss (the leader of the expedition that built
a wagon road from Saguache to Lake City) discovered the rich vein
now known as the Golden Fleece and named it the ‘Hotchkiss.”
News of the strike spread rapidly and Lake City soon became a center
of activity, the county seat being removed from San Juan to Lake
City, where it has remained. During the same year reduction works
were erected at Lake City and a third stamp mill was built in the
Summit mining district.

Development was continued and new discoveries were made almost
daily. The first boom attained its climax in 1876, coinciding with
the opening up of Ocean Wave Group and the continued production
of the Hotchkiss and the Ute and Ulay mines. During the spring
the erection of a concentrator was begun and ground was broken for
a smelter at the falls just above the city. Soon afterwards the reac-
tion and “lull” so characteristic of the region began.

. During the next three years work was continued on the Ute and
Ulay and the Ocean Wave properties, the Excelsior mine was located
(April, 1878), and the Crook and Ocean Wave smelters were com-
pleted.

The year 1880 marked the beginning of the biggest boom in the
Lake City region. A great deal of work was done on the Palmetto
group, which lies just west of the Lake City quadrangle. The St.
Louis, Capitol, Czar, Silver Chord, Young America, Yellow Medicine,
Pride of America, Vermont, Red Rover, and many other properties
near Capitol City were being worked with various results.

Probably the most talked-of find during this period was that of the
Golden Wonder, in Deadman Gulch, so named from four men who
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were killed and partly eaten there by their companion, Alfred Packer,
in the winter of 1874.

This second boom period reached its climax near the close of 1881.
In that year the Denver & Rio Grande Rdilroad, which had started
to build to Lake City, became financially involved and ceased con-
struction. In the fall of 1883 the Ute and Ulay shut down and for
four years Lake City was practically dead.

In 1887 considerable ore was shipped from the Ulay, Vermont,
and Yellow Medicine properties. The shipments from the Yellow
Medicine mine fell off perceptibly in 1888, but the Ulay and Vermont
continued to ship large quantities of ore. The Gallic was discovered
during this period and later made a few shipments.

In 1889 the branch railroad was completed and soon afterward very
rich ore was reported from the Golden Fleece. A single car of petzite
ore from this mine is said to have yielded $50,000. The extreme
richness of this ore stimulated mining throughout the region for
about ten years. The total output of the Golden Fleece miné has
been $1,400,000. .

In 189C some 20 mines in the Lake City quadrangle were ship-
ping ore. During 1891 the Ute and Ulay alone produced over
$400,000 and the total production from these mines has been
$12,000,000.

In the late nineties the mining activity in the region almost reached
a boom. Much work was done upon other properties in the vicinity
of the Golden Fleece and some ore was shipped. The Golden Fleece
Extension, Lake View, Black Crook, Contention, and others were
operated. IndJune, 1897, thefirst ore wasextracted by the present own-
ers from the Hidden Treasure mine, as much as 22,000 tons of ore per
year having been shipped from this property, which still continues to
produce intermittently. The Czar first became a regular shipper in
1899, but its active life was short. The crest of thelast wave of activity
was reached during 1899, since which time operations have been more
or less spasmodic. -

PRODUCTION.

Hinsdale County originally included part of what is now Mineral
County, in which the Creede mining district is located. On March 27,
1893, the legislature created Mineral County out of parts of Saguache,
Rio Grande, and Hinsdale counties. For this reason statistics of
production earlier than 1893 include also the production of Creede,
which has been deducted in order to determine accurately the output
of the present Hinsdale County, or practically the mining district here
discussed. These statistics, except those for a few mines making
confidential reports, have been compiled from the returns from indi-
vidual mines as given in the reports of the Director of the Mint, in the
reports of the State Bureau of Mines of Colorado, and, since 1904,
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in Mineral Resources of the United States, published by the United
States Geological Survey.
The following table and figure 2 show the production of the county
since 1884:
Metallic production of Hinsdale County from 1884 to 1906.
[Figures derived from United States Mint reports, 1884 to 1896, inclusive; from reports of State Bureau of

Mines, Colorado, 1897 to 1903; from Mineral Resources of the United States, published by the United
States Geological Survey, 1904 to 1908.]

Years. Gold. Silver, Copper. Lead. Zine. ",l‘a(ifla;
Fineounces.| Pounds. Pounds. Pounds.

$2,500 156;967 $180,317
2,060 18,586 23743
5,214 94, 546 128,432
1667 | 110,433 172, 586
1,680 18,673 33,849
3,577 61,023 96,112
20,504 186, 841 442,384
13,529 418,422 653,107
88,279 | 340,774 354,754
95,293 404, 750 350, 286
274,421 | 466,836 689, 577
215,648 465, 598 725,668
168171 | 243,437 501,822
51,282 186, 456 529,151
38343 | 155,902 612, 561
56,470 155,485 600, 309
76,148 | 152,192 496,702
98,348 117,177 428,733
16,515 | - 33,139 11,263 459,462 106, 000 60,910
7,692 39,283 10, 530 1,054,421 475,815 81,416
11,991 54,419 84,485 767,681 2,085 94, 244
24,510 87,940 63,261 753,950 30,475 | 140,543
7,520 50,109 99, 410 1,204,628 23,034 125,678
2,454 29,498 188,698 280,465 |............ 54,776
1,284,906 | 4,047,416 | 802,606 | 78,903,828 | 237,400 | 7,577,750

aNo figures for lead and copper available.

No production is given for 1885 in the mint report, so the district
was probably idle in that year. The production prior to 1884 can not
be definitely determined, but as the Ute and Ulay mine was in active
operation and the Ocean Wave and others were productive, it is prob-
able that accurate statistics would show a yield nearly, if not quite,
equal to that given in the table. This is the more likely as the years
1876 to 1881 marked the greatest boom that Lake City has ever
experienced.

From these figures the curve in figure 2 showing the production of
copper, lead, gold, and silver has been constructed. This curve shows
clearly that the culminating years of the later history of the district
were 1895 and 1896, in the latter of which the yield was nearly three-
quarters of a million dollars. It shows the general rise, culmina-
tion, and decline of the district, and brings out clearly the alternate
periods of activity and depression. In 1889 the production was less
than $35,000, but the advent of the railroad into Lake City that year
caused a rapid increase, culminating in 1892. In 1893 the financial
depression, coupled with a gradual decline in the value of silver
caused a sharp fall, followed by a rapid rise until 1896. The decrease
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in1897 and 1898 was prob-
ably due to local condi-
tions. From 1898 the in-
creasingly rapid decline,
which culminated in 1903,
represents the rapid ex-
haustion of the upper por-
tions of the mines, whose
richness was due to oxida-
tion and secondary enrich-
ment. After 1903 a slight
revival indicates the at-
tempts to handle low-
grade material. The year
1908 shows the lowest out-
put since 1885, and it is
probable that unless the
discovery of new veins
should cause new activity
in this region very little
further production is to be
expected.

MINES.

The following is a list of
the mines which have been
workedin Galena and Lake
mining districts and which
have either yielded some
ore or have shown evi-
dences of mineralization.
The arrangement is geo-
graphical. .

The production of some
of thesemines, asshown by
Mint reports, statements
of owners, the Geological
Survey’s reports entitled
““Mineral resources of the
United States,” and other
sources of information, is
given after the names.
These figures. serve. to
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separate in a general way the important productive mines from the
less productive and from mere prospects.

List of mines in Galena and Lake mining districts.

Capitol City.
Gallic and Vulcan. Silver Chord Extension.
Woodstock. Silver Chord.
Ottawa. . Czarina,
Toby. Czar.
Lilly. . Excelsior ($18,006).
Capitol City ($27,990). Broker.
Yellow Medicine ($40,494). Lucky Strike.
X Henson Creek (Main Stream.)
Vermont ($142,207). Cleveland.
Ocean Wave ($26,305). Sacramento.
Wave of the Ocean. Yellow Jacket.
Lellie (Red Rover). Ute and Ulay (estimated $12,000,000).
Baltimore. : Hidden Treasure (estimated $700,000).
Big Casino. U. P.
Little Casino ($420). Pelican.
Pride of America. Missouri Favorite.
Fanny Fern. , California.
North Lake Fork (south of Lake City).
Nellie M. : Iima (Black Crook) ($124,447).
Monte Queen. Belle of the West ($56,302).
Dauphin and Rob Roy. . Contention ($2, 332).
Sulphuret and Cora ($3,090). Golden Fleece (from mine records
Golden Wonder. $1,400,000).
Lode Star. Carmi ($580).
Carson.
) [These mines wers not studied.j
Mayflower ($3, 590). Hamilton,
George III ($5,439). St. Jacobs.
Bonanza King ($3,290). Maid of Carson ($27,397).
West Lake Fork.
[These mines were not studied.]
Isolde. ‘ Pelican ($2,084).
Tobasco. Bon Homme ($2,265).
Cleveland. Mount King.

Black Wonder ($162).
South Fork of Henson Creek (south of Capitol City).

[These mines, except the Moro and Paymaster, were not studied.]

Wyoming ($775). *Bonanza.

Independence ($4,520). *First National Bank.

John Hough ($1,289). *Frank Hough.

Miners’ Bank ($2,600). Anchor (probably a little).
Henson Creek ($700). Moro (considerable production).

*Palmetto ($11,206). Paymaster (no data).
Highland Chief. .

95249°—Bull. 478—11—2
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Certain mines indicated in this list were not studied, as they lie
too far outside of the district examined to warrant field work, and
“they are not further mentioned in this report. Many of them, how-
ever, have contributed to the production of Hinsdale County.

Those marked with an asterisk are within the northeastern por-
tion of the Silverton district and have been described by Ransome.!

The observed conditions 300 to 400 feet below the surface lead
the writers to believe that only the roots of veins are present in the
district and that all ore bodies are likely to diminish greatly in value
in depth. Hence the life of any mine is likely to be brief. The
change in character of the ore and gangue minerals with depth in
the Ute and Ulay, Hidden Treasure, Black Crook, and numerous
others illustrates this point remarkably well.

GEOLOGY.

By WaITMAN CROSS.

The Lake City district is a small part of the volcanic San Juan
region., Geologically it is particularly allied to the adjacent por-
tion of the San Cristobal quadrangle on the south, which has been

. recently surveyed, and to the Silverton and Ouray quadrangles on
the southwest and west, respectively, the geology of which has been
described in pubhshed fohos 2 TFor this reason the geology of the
San Juan region as a whole will first be briefly discussed, especlally
the important relations of the rock formations that occur in the
Lake City area. Next the geology of the Lake City district itself

will be described.
SAN JUAN MOUNTAINS.

GENERAL FEATURES.

The San Juan Mountains consist chiefly of surface volcanic rocks
or of intrusive igneous masses, which now cover an irregular area
of more than 3,000 square miles. This volcanic area extends from
San Luis Park on the east to an irregular and abrupt western moun-
tain front in the Telluride quadrangle. On the north the volcanic
rocks reach out beyond the mountainous district proper, the lower
lavas capping long low ridges between southerly tributaries of Gun-
nison River, in some of them extending to the edge of the Black
Canyon. The southern border of the volcanic district runs from the
Telluride quadrangle somewhat south of east and a broad arm
crosses into New Mexico. .

It is evident that the lavas once extended far beyond their present
limits on all sides except the east. Between the San Juan and West

1 Ransome, F. L., A report on the economic geology of the Silverton quadrangle, Colorado: Bull. U. 8.
Geol. Survey No. 182, 1901.
2 Silverton folio (No. 120) and Ouray folio (No. 153), Geol. Atlas U. S.



U. S. GEOLOGICAL SURVEY
GEORGE OTIS SMITH, DIRECTOR

BULLETIN 478 PLATE Il

; .T—‘ 5

E.M.Douglas, Geographerin charge.

Topography by J.F. Mc Beth.

Triangulation by U.S.C.and G.Survey and J.F. Mc Beth.
Surveyed in 1903.

Scale @zioo

GEOLOGIC MAP OF THE SOUTHERN PORTION OF THE LAKE

CITY QUADRANGLE, COLORADO

3 { % Miles

: § 3 0 L > s

i
|5 Kilometers

Contour interval 100 feet.
Datwm is mecar. sea level.

3 ENGRAVED AND PRINTED BY THE U.S.GEOLOGICAL SURVEY
Geology by Whitman Cross, assisted by
L.H Woolsey, A.Johannsen, H.Bancroft,
W.H.Emmons, and G.F.Kay.

Survey completed in 1909.

1911
SEDIMENTARY ROCKS ; IGNEOUS ROCKS

£ QUATE\RNARY i TERTIARY >
5 4 Silverton volcanic series

9n! BRI Qg o A A Ao

: R LS 7 % % e L
Alluvivum Landshdes Glacial Hinsdale Potosi Henson tuff Pyroxene Burms Eureka rhyolite Picayune Intrusive Intrusive Intrusive Decomposed Fanlt Vein

(gravols sands and detritus  yolcanic series volcanic series (graygreen sandy andesite latite tuff'  flavafows contains volcamic group vhyolite and  quartz monzo-  andesite porphyry of with dip indicated

il Foos) /Wz“%mffggzbﬁ’ (1= ::%%Nf‘{’vdgm' material ) /Wa%ss%j /WZ sandstone  nents of older rocks) /ﬂﬂbg. !%m.g'/ quartz latite nite porphyvuy Deadman Gulch

Wi 2 md‘lﬂﬂwlvldw’lw

of latite;some fossd
plants and shells )



GEOLOGY. 19

Elk mountains, which lie north of Gunnison River, there was once a
continuous covering of volcanic rocks, but these rocks did not neces-
sarily come from a single central source. The Hayden geologic
map of Colorado is approximately correct in its representation of the
limits of this volcanic area, but it fails to give any idea of the com-
plexity of the lavas, either as to character or age. The eruptions
occurred during nearly the whole of Tertiary time, when a great many
different kinds of lavas were poured out, building up a huge volcanic
plateau. Eruptive activity was not continuous during the Tertiary
period, but was broken by long intervals of quiet, during which
extensive erosion materially changed the topography of the volcanic
pile.

In the survey of the San Juan region, which now covers more than
its western half, it has been found desirable to map and to describe
the rocks of the principal eruptive periods in groups or series rather
than to emphasize the occurrence of special rock varieties, and this
method will be followed herein.

THE EARLIEST ERUPTIONS,

The commencement of volcanic activity was clearly later than the
deposition of the Upper Cretaceous coal measures of southwestern
Colorado, but somewhat earlier than any of the recognized Tertiary
formations of the region. This is shown by the Animas formation,
which overlies the coal measures at Durango and which consists
largely of the pebbles and gravel of andesitic volcanic rocks. These
beds carry fossil plants and scanty vertebrate remains which prove
them to be of the same age as the Denver formation, at the base
of the Front Range—that is, early Eocene or uppermost Cretaceous.
The source of the volcanic materials of the Animas formation is not

yet known.
SAN JUAN TUFF.

The Animas formation does not extend into the San Juan Moun-
tains proper, and the lowest or earliest member of the great volcanic
complex found in the western part of the region is a fragmental
deposit which has been called the San Juan tuff. It is a more or less
plainly stratified series of tuffs, breccias, or coarse agglomerates of
andesitic rocks, in which no fossils have been discovered. No lava
flows have been found interbedded with the fragmental deposits.

The San Juan tuff has a maximum observed thickness of 3,000 feet
and forms notable deposits in the Quray and Telluride quadrangles,
though it appears in all other surveyed areas on the border of the
volcanic district. It occurs in typical form in the Cimarron and Blue
Creek valleys of the Lake City quadrangle.

The source of the andesitic rocks of the San Juan tuff was a mystery
previous.to the survey of the Lake City quadrangle. - It now appears
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probable that a portion of the older volcanic mass from which those
tuffs were derived occurs in the valley of Lake Fork a few miles below
the mouth of Henson Creek. This mass has not yet been described
and its extent is unknown. Its relations will be described in a forth-
coming report on the Lake City quadrangle.

SILVERTON VOLCANIC SERIES.

The group of lavas succeeding the San Juan tuff are known as the
Silverton volcanic series, as they have their greatest development in
the Silverton quadrangle. These rocks are of special importance in
the area treated of in this report. They consist of an alternation of
andesites, latites, and rhyolites, in both flows and fragmental beds.

PICAYUNE VOLCANIC GROUP.

The earliest of these lavas, first observed in the Silverton quad-
. rangle, is a dark augite andesite occurring in relatively small exposures
in the Animas Valley and its minor tributary, Picayune Gulch, and
named in the Silverton folio after the latter locality, the Plcayune
andesite. It is now known that the andesite of Picayune Gulch is
"but one of the rock varieties erupted in the first part of Silverton
time and that the complex group of early lavas is most prominent in
the country between Henson Creek and the head of the Lake Fork
and in the valleys of these streams. The name Picayune will be
retained for the group since it is already in use and since the relations
of these rocks to the overlying rhyolite are well shown in the original
locahty

- The Picayune volcanic group consists largely of andesite of the
type first observed, but includes also several kinds of more siliceous
lava. The various elements are so irregularly associated as to make
it clear that the exposed rocks of the group belong to a central
volcanic mass made up of surface lava streams, pyroclastic breccia
and tuff, and intrusive bodies. The massive rocks have in many
places been shattered and dislocated by volcanic shocks. (See also
p- 24.)

EUREKA RHYOLITE.

Among the more siliceous varieties of rock in the Picayune group
is a rhyolitic lava which became more and more abundant until it
was finally poured out in a thick flow or succession of flows which
appear to have buried the older complex of Picayune rocks and now
form a prominent and persistent element of the Silverton volcanic
series. This rock is called the Eureka rhyolite, from the notable
cliffs of it about Eureka, in the Animas Valley. It may generally
be effectively described as a flow breccia, for it characteristically
carries many small fragments of rhyolite and other rocks. Gray or
pinkish exposures of it are continuous for several miles in the Animas
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Valley, and appear very typically in the canyon of Henson Creek for
2 to 3 miles above Lake City.
’ ’ BURNS LATITE.

The extensive flows of Eureka rhyolite were followed by an eruption
of several varieties of latite lavas and tuffs more or less in alternation.
The relations of these lavas are much simpler than those of the Pica-
yune volcanic group and their order of succession is in most places
plain. Two fine-grained tuffs, especially, are widely distributed in
the Silverton quadrangle, one below and the other above the principal
lava flows. This aggregation of flows and tuffs is called the Burns
latite, from Burns Gulch, a branch of the Animas near Picayune
Gulch. The rocks of the Burns occurring in the Lake City area are

all tuffs.
PYROXENE ANDESITE.

The Burns latite is succeeded by dark fine-grained pyroxene
andesite in a complex of flows and fragmental beds reaching a maxi-
mumn thickness of nearly 3,000 feet in the central part of the Silverton
quadrangle.. These rocks are closely related to some of the Picayune
lavas but have distinguishing characters. Massive flows of pyroxene
andesite of this upper part of the Silverton volcanic series are present
on the north side of Henson Creek near Capitol City, but they decrease
in thickness eastward and disappear entirely west of Nellie Creek.

HENSON TUFF.

The uppermost member of the Silverton volcanic series is a greenish
gray andesitic tuff, named Henson tuff, from its most notable occur-
rence on North Fork of Henson Creek, in the Ouray quadrangle. Its
development in the Lake City area is very subordinate.

POTOSI VOLCANIC SERIES.

The long Silverton epoch of eruption was followed by a quiet time,
during which erosion was very active; and then began another great
succession of volcanic outbursts, producing lava flows and clastic
deposits alternately. These lavas appear to have covered a larger area
than the earlier ones. They are mainly latite and rhyolite, with some
andesite, all of types different from the preceding ones, and preserved
in much less altered condition. These rocks are called the Potosi
volcanic series because of their typical exposure and notable thickness
and variety in Potosi Peak, Silverton quadrangle.

The Potosi lavas are most widely distributed in the San Juan re-
gion. They occur very extensively in the central San Juan Moun-
tains, San Cristobal quadrangle, and extend far down the northern
slopes toward the Gunnison. They cap certain ridges north of Hen-
son Creek and occupy much of the Lake City quadrangle farther
north. Uncompahgre Peak presents a fine section of Potosi flows.
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HINSDALE VOLCANIC SERIES.

The western San Juan region exhibits no lavas more recent than
those of the Potosi volcanic series, but in portions of the San Cristobal
and Uncompahgre quadrangles, and presumably in others not yet
examined, a later succession of eruptions took place, producing a
series of lavas differing notably from the products of earlier eruptions.
It is plain that much erosion of the Potosi volcanic series occurred be-
fore the extrusion of these later magmas, which, so far as known,
closed the long sequence of lavas in the San Juan region.

This newly recognized series of lavas ranges from a rhyolite very
rich in quartz and alkali feldspar but poer in calcic feldspar and in all
ferromagnesian minerals to a normal olivine plagioclase basalt. Be-
tween these two extremes are lavas of several types possessing some
characteristics distinguishing them from earlier lavas.

No rocks of this recent series have been described in earlier folios
or reports, and it is proposed to call them the Hinsdale volcanic series
because of their important occurrences in Hinsdale County, of which
Lake City is the county seat. The most extensive deposits of these
lavas thus far discovered are on the divide between Lake Fork and
Cebolla Creek, directly east of Lake City. The. section exposed is
nearly 1,200 feet thick. The lower 800 feet of the series occur within
the area of the accompanying map on a spur from the divide. Other
important localities for these rocks are Cannibal Plateau, northeast
of Lake City; the Continental Divide, between Lake Fork and the
head of Cebolla Creek; several summits between branches of Clear
Creek; and the hill north of Lost Lake, the last three being in the San
Cristobal quadrangle. All localities named are in Hinsdale County.

The Hinsdale is, like the Potosi and Silverton volcanic series, g set
of lavas representing one of the major divisions of the San Juan vol-
canic history rather than a petrographic group. It is too early to
sharply define its limits.

LAKE CITY DISTRICT.

GENERAL GEOLOGY.

Nearly all the rocks of the Lake City area (see P1. III), belong to the
Silverton volcanic series, the great intermediate member of the Ter-
tiary volcanic complex. No earlier formation occurs here, and only
subordinate representatives of the later Potosi and Hinsdale volcanic
series occur in the district. Intrusive masses are numerous, but
though these are obviously younger than the rocks which they pene-
trate their exact age relations are nowhere clear. .

The canyon of Henson Creek, which is the most prominent topo-
graphic feature of the area, presents an excellent though by no means



U. 8. GEOLOGICAL SURVEY BULLETIN 478 PLATE IV

A. ROUNDTOP MOUNTAIN, LAKE CITY MINING REGION.
Photograph by Whitman Cross.

B. POST-GLACIAL CANYON OF HENSON CREEK.

Showing gorge in Eureka rhyolite. Missouri Favorite Mine is in the center.
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complete section of the prevailingly somber rocks of the Silverton
series. On its southern side the lowest (oldest) member of the series,
the Picayune group, predominates, and on its northern side several
higher (younger) members are well shown. The general northerly
dip of the lavas and tuffs affords proof that the center of eruption
during the Silverton epoch of volcanic action was south of the Lake
City area.

The restrictions of the map prevent representation of the fact that
the various rocks of the Silverton series do not extend far northward
beyond Henson Valley nor eastward beyond Lake Fork. This limita-
tion is due to great erosion in the epoch preceding their eruption.
The San Juan tuff and perhaps earlier massive volcanic rocks once
existed where the Silverton lavas of Henson Creek now are. By their
erosion a steep southward-facing slope or cliff was produced near
the north boundary of the Lake City district. The Potosi rhyolites
and latites cap the divide north of Henson Creek on either side of El
Paso and Nellie Creek, resting on the uppermost rocks of the Silver-
ton series; they are very prominent in the northern part of the Lake
City quadrangle, formmg plateau-like ridges with a gentle northerly
dip. They are cut in the valleys of the east fork of the Cimarron,
Blue Creek, Elk Creek, and other streams, exposing the underlying
rocks; but these are not at all like the Silverton volcanic rocks of
Henson Creek, consisting, instead, of a great volcanic breccia or semi-
conglomerate of rude bedding, which extends west into the Ouray
quadrangle, where it is shown to be the San Juan tuff, a formation
entirely older than the Silverton series. These relations of the San
Juan tuff and the Silverton rocks are not clearly exposed in the Lake
City quadrangle, but they are exhibited in the Ouray quadrangle and
have been described and illustrated in the folio dealing with that
area. The Potosi lavas, therefore, overlap the boundary between the
San Juan tuff and the Silverton series.

Although the canyon of Henson Creek cuts so deeply into the Sil-
verton volcanic series, it does not actually penetrate below it at any
point within the Lake City quadrangle. There is, however, evidence
that granite and very old quartzite rocks lie probably at no great dis-
tance beneath the Picayune lavas on Henson Creek.

That granite is one of the foundation rocks is indicated by a small
exposure of that rock 2 miles southwest of Capitol City in the bed of a
southerly branch of Henson Creek, which it enters east of the Moro
mill. This granite is on the north side of a fault of undetermined
throw and the exposure is but a few yards in diameter. It is but 1}
miles from this point south to the large fault block of granite, the great
part of which lies north of Whitecross, at the head of the Lake Fork.

Quartzite resembling the pre-Cambrian rocks of the Uncompahgre
Canyon at Ouray occurs in a small exposure, surrounded by volcanic
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rocks at an elevation of 11,800 feet, a little more than a mile southeast
of Capitol City. The exposure is insufficient to show whether this
quartzite is a large block included in the volcanics or a pinnacle of an
underlying rugged quartzite topography, but it does make it clear
that rocks other than granite go to make up the prevolcanic complex of
this vicinity. At several places in the San Cristobal quadrangle
chaotic breccia masses in the Picayune volcanic group contain frag-

ments of granite and quartzite, some of which are several yards in

diameter. v
SILVERTON VOLCANIC SERIES.

PICAYUNE VOLCANIC GROUP.

Occurrence.—The rocks of the Picayune volcanic group, together
with intrusive masses, occupy the greater part of the area between
Henson Creek and the Lake Fork to the south. They occur con-
nectedly in the Henson Valley from near Capitol City to a point below
the mouth of Alpine Gulch and in separated areas in Wade Gulch,
on the slope between Wade and Alpine gulches, and on the west side
of the Lake Fork opposite Deadman Gulch. The rocks rise higher
on the south side of Henson Creek than on the north, owing to a gen-
eral northerly dip of their upper surface, on which the Eureka rhyolite
rests.

The rocks of the group are prevailingly dark in tone and cause
somber cliffs in which a rude stratified arrangement of successive
flows or beds can be recognized in many places. Among the best
exposures for a study of the Picayune rocks are the steep cliffs at
several points between El Paso and Modoc gulches, and in Wade
Gulch near the quadrangle line. There is much landslide and forest
cover on the south side of Henson Creek, although the rocks are well
exposed in many localities.

General character—The lavas and fragmental rocks here called the
Picayune volcanic group once formed a great volcano, the center of
which was situated a few miles south of Henson Creek in the area
between that stream and the upper part of Lake Fork. The rocks
of the group are principally dark andesites, dacites, and quartz
latites, with a variable amount of light-gray rhyolite. The petro-
graphic distinctness and the sharp local boundaries of certain masses
made it at first appear practicable and desirable to distinguish them
on the map, and much time has been spent trying to do this. But
. with greater knowledge of this old volcano it has become clear that
a petrographic division of the group can be mapped only at some
future time, after long and painstaking study and with a topographic
base of much detail and great accuracy. The lavas, tuffs, and
breccias of the group are therefore mapped collectively under one
color, and only the more important and definite intrusive rocks are
distinguished. A
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The structure of the Picayune mass is most irregular. A large
part of it is breccia—that is, it is made up of angular rock fragments.
Some breccias are composed almost exclusively of one kind of rock
and appear to have been made by the shattering of massive rock in
place. Other breccias are simply chaotic accumulations of several
different rock types, in large and small fragments. Well-bedded
deposits of more or less worn, transported material also appear but
are not continuous enough to express a prevalent structure.

Lava flows alternate with breccias or tuffs in many local sections,
but these, too, possess little lateral extent. Intrusive masses of
varicus shapes and sizes, consisting of rock varieties for the most
part identical with some of the flows or breccia fragments, are, by
reason of the prevalent irregularity of all masses, distinguishable
only with the greatest difficulty and in favorable localities.

No regular succession of magmas of different character has been
made out. Probably the oldest lavas of the Picayune center were
andesitic and the later ones chiefly rhyolitic or latitic. Such appears
to be the general rule, but apparent exceptions are numerous.

The Picayune rocks are more extensively altered than the younger
lavas. This is quite natural in view of the fragmental character of
much of the mass and the local extent of even the largest massive
bodies. These conditions must have been favorable to the free
circulation of solvent and mineralizing waters.

Typical exposures.—The development of the Picayune volcanic
group in the Henson Valley may be best described by giving details
of typical localities. One of these is the ridge between Nellie and
Pole creeks, on the southeast face of which the Picayune rocks are
exposed for about 1,500 feet, above the mouth of Nellie Creek. A
well-stratified conglomerate and breccia, forming ledge exposures by
the roadside at several places between Pole and Modoc creeks, is the
base of the exposed section. This stratified rock appears at first
to have nothing to do with the darker volcanic complex about it,
but it is, in fact, only a phase of the rhyolitic tuffs or conglomerates
found in local development in many places, at various horizons.
The conglomerate is overlain by a coarsely stratified breccia, dipping
25° to 30° N. Adjacent outcrops are similar for the most part but
differ in relative proportions of rock types and in texture. At about
200 feet above Henson Creek a brecciated nearly homogeneous rock
is overlain by a flow, the lower zone of which is marked by fluidal
structure. This extends for about 100 feet vertically, the dense
dark rock being almost homogeneous though more or less brecciated.
At an elevation of 300 feet a finely bedded sandy tuff occurs with a
flow only 5 to 6 feet thick in its midst. This flow has sharp contacts
and fluidal border zones. A variable dip reaching 30° N. as a maxi-
mum is here distinct. Above these gray tuffs comes another much
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thicker flow similar to the one in the tuffs. Breccia and irregular
masses of more basic rocks follow, with gray latite or rhyolite at-
certain horizons, and this alternation continues up to the massive
Eureka rhyolite flow.

The Picayune rocks east and north of Capitol City deserve particular
mention, for their relations to the Eureka rhyolite are not fully under-
stood. The heavy coating of glacial débris on North Fork of Henson
Creek obscures the geology very much, but the Lucky Strike tunnel,
at Capitol City, penetrates greenish quartz-bearing andesite, quartz
monzonite porphyry, and rhyolite similar to the Eureka type, the
whole indicating a complex phase of the Picayune group.

The same rocks and other types known in the Picayune are found
in Yellowstone Gulch and are encountered in the Gallic tunnel.
In the latter locality Eureka rhyolite occurs on the slope above the
tunnel and is the only rock observed along the banks of North Fork
of Henson Creek, as far as Capitol City. These facts show that an
arm of the Picayune group rocks extends up North Fork, rising much
higher on the northeast side. . .

The rock referred to as quartz monzonite porphyry is no doubt an
intrusive, identical in composition with the body represented on the
map as penetrating Eureka rhyolite on the slope west of Capitol City.
It is not improbable that the coarse quartz monzonite porphyry of
the Gallic tunnel, Yellowstone Gulch, the Excelsior mine, and the
Lucky Strike workings, as well as of certain outcrops surrounded by
glacial material southeast of Capitol City, is of the same age as the
body in Eureka rhyolite. But the boundaries can not be determined
and so it can not be separated from the Picayune.

East of Capitol City and north of Henson Creek the line between
" Eureka rhyolite and the Picayune volcanic group has not been accu- *
rately determined and hence no definite boundary is shown on the
map. .

Some of the later rhyolite flows of the Picayune epoch were very
much like the succeeding Eureka rhyolite and they do not seem to
be so much broken as earlier lavas, so that it is difficult to determine
whether the rhyolite of some areas south of Henson Creek should be
referred to the Eureka or not. A massive gray rhyolite on the ridge
west of Alpine Gulch closely resembles the Eureka, but it dips beneath
dark andesitic rocks near the mouth of the gulch and is for this
reason included in the Picayune.

EUREKA RHYOLITE.

The Eureka rhyolite in a succession of flows covers the Picayune
volcanic group on the north side of Henson Creek and extends up
the south slopes east of Alpine Gulch and near Capitol City. The
character of the rock is well shown in the canyon of Henson Creek
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(PL IV, B) for 2} miles above Lake City and in the cliffs west of the
town. It is also present east of the town on the lower slopes.

The Eureka rhyolite is typically a dull ash-gray or green felsitic
rock with few phenocrysts that exhibits a pronounced fluidal texture
as seen in exposures a few feet in diameter if not in hand specimens.
Feldspar and biotite crystals give the rock a porphyritic facies, as a
rule, the groundmass strongly predominating in most places. Inclu-
sions of rock fragments very similar to the Eureka are common in
most flows and suggest the term flow breccia. These fragments
are usually but a fraction of an inch in diameter and they are com-
monly rather flat flakes arranged in bands, emphasizing the fluidal
structure.

Some of the Eureka rhyolite flows are several hundred feet in
thickness and their lateral extent is measured by miles. A small
amount of tuff separates some of the flows, but more commonly
these are in direct contact and are so similar that the boundaries are
often not easily detected. ’
~ As has been pointed out (p. 20), the Eureka lavas are practically
identical in character with some of those in the Picayune group.
The justification for distinguishing the Eureka as a map unit lies in
its mass and areal importance. The lava floods of Eureka time
covered a large part if not all of the complex Picayune volcanic
group.

BURNS LATITE TUFF.

The Burns latite tuff division of the Silverton volcanic series is
represented in the valley of Henson Creek only by fine-grained
sandy tuffs and calcareous beds, which extend northeast from the
south base of Sunshine Mountain to the ridge west of Nellie Creek
and beyond the area mapped, Near Nellie Creek the tuffs rest
on Eureka rhyolite, in their normal relation, but in El Paso Gulch,
Empire Mountain, and North Fork of Henson Creek they are sepa-
rated from the rhyolite by intrusive sheets of pyroxene andesite.
The tuff band varies greatly in thickness, owing to erosion before it
was covered by andesite flows; northwest of Yellowstone Gulch it
wedges out entirely.

In the drainage areas of Modoc, Findley, and Crystal creeks the
Burns latite tuff is concealed by flows of the Potosi volcanic series,
but it reappears west of Crystal Peak and occupies a considerable area
between Slaughterhouse Gulch and Larson Creek. It is, however,
much obscured by landslide material consisting largely of gray-
green Burns tuff, which extends to Lake Fork immediately below
- Lake City. o

The tuff reappears east of Lake City, lying on the Eureka rhyolite,
and continues southward across Deadman Gulch, being interrupted
by glacial débris and penetrated by several intrusive rocks.
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The Burns tuffs are mainly fine-grained gray or greenish sand-
stones, made up chiefly of particles of volcanic rocks. Some beds
include rock fragments several inches in diameter. Other layers
are thin laminated shale. Certain layers of some exposures are
rich in carbonate of lime, and true limestone strata 2 or 3 inches
thick are locally developed. These calcareous beds are well exposed
on the flat summit of the ridge east of El Paso Gulch. A few fossil
leaves have been found in the Burns tuff in the ravine north of North
Fork of Henson Creek, and fragments of carbonized plant stems are
common.

PYROXENE ANDESITE.

Dark massive flows of pyroxene andesite normally succeed the
Burns tuff in the Silverton volcanic series. Such rocks reach a thick-
ness of several thousand feet in the Silverton quadrangle, but they
do not exceed 800 feet in the valley of North Fork of Henson Creek
and gradually thin out eastward. They have not been found east of
Nellie Creek. These andesites occur in flows varying from a few
feet to more than 100 feet in thickness.

Below the Burns tuff occur nearly identical sheets of rock, which’
have not been distinguished on the map. In several places it is
clear that these lower bodies have been intruded, and they no doubt
belong to the same epoch of eruption ds the flows above the tuffs.
In El Paso Gulch and the ridge east of it the evidence of intrusion is
plain and is expressed in part on the geologic map.

The pyroxene andesites are dark porphyritic rocks, with numerous
crystals of augite and plagioclase visible to the unaided eye. They
are massive except in the upper zones of most flows, where a pro-
nounced vesicular texture is commonly developed. Secondary quartz
and bluish chalcedony are usually found.in these vesicles and, as
they readily weather out of the rock in exposed places, small nodules
or fragments of them strew the ground in many places near outcrops.

The microscope shows that hypersthene was a former constituent
of these rocks, its place being now taken by serpentine, chlorite, and
other alteration products. Quartz and orthoclase are generally
present in small amount. ' ‘

HENSON TUFF.

The last member of the Silverton volcanic series is a tuff much
like the Burns latite tuff. Its greatest development is in the valley
of North Fork of Henson Creek in the Ouray quadrangle. It lies on
the pyroxene andesités in the region west of Nellie Creek, but is not
found east of that stream.

The Henson tuff is made up chiefly of débris of pyroxene andesite,
but contains particles of other volcanic rocks; locally it contains
angular fragments of rhyolite, latite, and andesite. There are no
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calcareous layers in it, like those of the Burns tuff, and no fossil
leaves have been discovered. n

t

POTOSI VOLCANIC SERIES.

"The lavas of the Potosi volcanic series appear in the Lake City
area only ‘on the high ridges on either side of Henson Creek and east
of the Lake Fork. They lie on various older formations, in some
places with unconformity, testifying to much erosion following the
deposition of the Henson tuff.

North of Yellowstone Gulch the Potosi 1avas rest on Henson tuff
or an intrusive quartz latite sheet, and in Empire Mountain they lie
on pyroxene andesite and Burns latite tuff. On either side of Crystal
Creek the Eureka rhyolite is the underlying formation, and east of

-Alpine Gulch the Potosi lavas come in contact with the Picayune
rocks.

The Potost lavas of the region north of Henson Creek are light or
dark gray quartz latites exhibiting many soda-rich plagioclase feld-
spar phenoerysts and some of sanidine in a groundmass rich in quartz
and sanidine. Biotite and augite are orlgmal constituents, but are
generally quite decomposed.

The alteration of Potosi rocks by which they are silicified or kaolin-
ized is extreme in the so-called “Iron beds” northwest of Broken
Hill. Much of the rock is stained a brilliant red or yellow through
oxidation of the pyrite which impregnated it at the time of its
decomposition. Alteration of this type is also exhibited in less degree
south of Broken Hill.

The Potosi rocks east of Alpine and Wade gulches are quartz latite
porphyry belonging to a large body which apparcntly filled a great
hollow. This rock is characterlzed by more prominent crystals both
of plagioclase and sanidine feldspar than are found in the common
thinner flows north of Henson Creek. The upper parts of Crown
Mountain and Red Mountain in the San Cristobal quadrangle are
made up of this same phase of the Potosi quartz latite.

The Potosi lavas east of Lake City are mainly dark pyroxene
andesite of a type common to the southeast. North of Horse Park
they are representatives of quartz latite flows beneath the andesites.

HINSDALE VOLCANIC SERIES.

The lavas of the Hinsdale volcanic series overlie the Potosi flows
east of Horse Park. They belong to the succession of rhyolite,
basalt, and intermediate rocks forming the upper portions of the
divide between Lake Fork and Cebolla Creek. The basalts are the
capping rocks of Cannibal Plateau and are recognized as such in the
Hayden reports and on the map. These rocks have not as yet been
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thoroughly examined, and as they are supposed to be more recent than
the ore deposits of the Lake City region they need no further discus-
sion in this place.

INTRUSIVE ROCKS.

The intrusive rocks of the region are distinguished on the map under
three colors. These rocks are not intimately related to the ore deposits
and will be passed over in this place with but brief mention. Some of
the types occur in more important masses in the areas north or south
of that with which this report deals and will be described in full in forth-
coming reports. The various kinds of intrusives may be conveniently
grouped under the heads of the map legend.

Rhyolite.—The most widely distributed type in this group is a rhyo-
lite which is very abundant south of Henson Creek in bodies of various
sizes and shapes, cutting the Picayune volcanic group. To the south,
as far as the Lake Fork, in the San Cristobal quadrangle, this rhyolite
is very abundant throughout the area of Picayune rocks and makes
up a large part of some of the highest summits, such as Red Cloud and
Sunshine peaks. It includes many large blocks of the Picayune lavas,
a few of which are represented on the accompanying map.

This rhyolite is a grayish porphyry exhibiting phenocrysts or ortho-
clase, and quartz with a few biotite flakes, in a felsitic groundmass.
In some places the rock has a strongly marked fluidal texture and in
others it is massive. Inclusions similar to those in the Eureka rhyo-
lite are abundant in some localities. The groundmass is very fine
grained in places but is never glassy. A gradation to coarse-grained
texture takes place in certain masses, so that some of the rock may
well be called granite porphyry Masses of such texture occur prin-
cipally in Alpine Gulch, in the San Cristobal quadrangle

This rhyolite differs markedly from the Eureka rhyolite in the
constant presence of quartz phenocrysts penetrated by many white
arms or embayments of the groundmass. It is also more typically a
rhyolite than is the Eureka, being generally free or nearly so from
crystals of lime-soda feldspar.

A rhyolite porphyry characterized by numerous phenocrysts of
smoky quartz and clear sanidine, but almost destitute of any ferro-
magnesian mineral, occurs in many crosscutting dikes and irregular
bodies in the drainage areas of Nellie and El Paso creeks and the
North Fork of Henson Creek. Several small masses of this rock are
represented on the map. This rhyolite penetrates flows of the Potosi
volcanic series and is probably much younger than the similar rock
in the Picayune area, already referred to. -

A rhyolite of felsitic type forms the summit of the hill east of Lake
City, which stands at an elevation of 10,726 feet. It is fine-grained,
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gray, or pinkish in color, and has a fluidal texture due to the arrange-
ment of spherulitic bands. A smaller mass occurs in the knoll north
of Deadman Gulch and seems to be intrusive, though surrounded
largely by glacial gravels.

The intrusive mass west of Crystal Creek opposite Sugarloaf Rock
is a rhyolite resembling the Eureka rhyolite in many particulars.

Quartz latite—In the hill east of Lake City and in Deadman Gulch
are several sheets of a fine-grained quartz latite, which cut the Burns
latite tuff irregularly. This rock is gray in color with small crystals
of plagioclase, sanidine, biotite, and quartz in a subordinate ground-
mass. The quartz crystals are embayed by tongues of the ground-
mass, after the fashion of the rhyolite south of Henson Creek, but
the rock contains much plagioclase, is rich in biotite, and carries a
little hornblende. It is called quartz latite porphyry.

Another rock of this kind, nearly identical in character with certain
flows of the Potosi volcanic series, occurs as a sheet or sill injected
above, below, or within the Henson tuff, in the area between North
Fork of Henson Creek and Nellie Creek. In some places it is 200 to
300 feet thick. It extends north 2 miles from Broken Hill, reappear-
ing at the head of Cimarron Creek, southwest of Uncompahgre Peak.

This rock is gray, with prominent biotite crystals, and is more
compact than the usual Potosi flows, but it shows fluidal texture in
some places and may represent an intrusion during the Potosi epoch
of a magma which reached the surface elsewhere in the vicinity.

The quartz latite forming the summit of Sugarloaf Rock is a fine-
grained porphyry different from any of the preceding types. It con-
tains both hornblende and biotite phenocrysts, while quartz is
restricted to the groundmass.

Andesite—A sheet of dark fine-grained andesite cuts obliquely
across the Burns latite tuff in the face of the hill east of Lake City.
The rock carries hornblende in abundance, with some augite and
biotite, all greatly altered. No other mass of this character occurs
in the area described in this bulletin.

Quartz monzonite porphyry.—In the ridge west of Capitol City there
occurs a branching intrusive body of much more coarsely crystalline
texture than is exhibited by any other intrusive distinguished on the
map. It cuts the Eureka rhyolite and is probably more extensive
than is indicated by the map, for landslide and glacial débris obscure
its outcrops very greatly.

This rock contains many prominent hexagonal tablets of biotite,
associated with plagioclase and some quartz phenocrysts. The
groundmass is rich in orthoclase and quartz of microgranular texture.
Rock of nearly identical character occurs in the breast of the Gallic
tunnel, according to Bancroft, and in all probability this mass is
connected beneath the surface with the body mapped.
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Decomposed porphyry of Deadman Gulch.—The highly decomposed
rock occurring in Deadman Gulch and extending into the adjacent
valley on the south is in part a porphyry with little remaining of its
original constituents except quartz phenocrysts with penetrating
arms of the groundmass. This suggests that there may be here
intrusive bodies of quartz latite or rhyolite porphyry similar to some
one of the types described, but in a large part of the area the rock is
so completely silicified or kaolinized that the primary characters have
wholly disappeared. Since to these obscuring effects of decomposi-
tion are added the covering of all but the upper contacts by glacial
or landslide detritus, it has been impossible to determine the original
character of the rock or even to decide whether or not more than one
rock type is represented.

This area of alteration is directly connected with that at the head
of the great Slumgullion mud flow which dammed the Lake Fork and.
caused Liake San Cristobal. The extreme head of that flow is very
near the southeast corner of the Lake City quadrangle. The altera-
tion in Deadman Gulch is not quite so thorough as in the Slumgullion
Basin, but disintegration of the decomposed rock is a common feature
of prospect dumps in the former area.

The decomposition in question extends upward with diminished
intensity into the lavas of the Potosi volcanic series, but apparently
the massive flows of andesite served to confine the decomposing
waters in some degree and thus promote the alteration of underlying
rocks.

ORE DEPOSITS.

SAN JUAN REGION.

GEOGRAPHIC CONTINUI’fY.

The Lake City area is not an isolated locality whose general rela~
tions may be discussed without reference to those of adjacent regions.
On the west is the Ouray region; on the southwest the famous and
productive Silverton and Telluride regions; and still farther south-
west are the well-known camp of Rico and the lesser districts of the
La Plata and Needle Mountains quadrangles. These six mining
regions together make up the major part of the famous San Juan
mining region and form one connected mountainous district charac-
terized throughout by extremely rugged topography, a preponderance
of extrusive and intrusive eruptive rocks, and an extensive and more
or less closely related mineralization. The Lake City district is
situated on the northern border of this region and is separated from
the Creede district to the southeast by a considerable tract of country
in which no ore bodies of consequence have yet been discovered.
The veins differ from those of the Telluride, Ouray, and much of the
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Silverton region in being in an older series of volcanic rocks; the San
Juan tuff, which i§ so abundantly mineralized in thelatter quadrangles,
does not outcrop within the mineralized part of the Lake City area.
The region is geologically continuous, however, with the eastern and
central portions of the Silverton quadrangle, a great part of the rocks
there exposed belonging to the same groups as those in the vicinity of
Lake City. The veins show many close similarities, both physically
and mineralogically, to those in the adjoining portion of the Silverton
area; and it is highly probable that they owe their origin to similar
conditions of mineralization, fissure formation, etc.!

GENESIS OF MINERALS IN THE SAN JUAN REGION.

It has for some time been recognized that different associations of
minerals form under different conditions of temperature and pressure.
Those formed under high temperature and pressure are in extreme
instances entirely different from those formed under low temperature
and pressure, and the mineral formation may be regarded as a meas-
ure of the vertical depth at which ore formation has occurred; that
is to say, the earth’s crust in any given locality may be divided into
zones of depth, and within the vertical range of each zone character-
istic temperature and pressure may be assumed to have existed.
The mineral contents of the veins of any region will then express in
some degree the depth at which the minerals formed. In 1907 Lind-
gren? pointed out the existence of certain zones and set forth the
minerals characteristic of each of them. In 1908 W. H. Emmons ?
followed with a paper giving a tentative genetic classification of
minerals, amplifying the work of Lindgren.

In comparing the different districts of the San Juan Mountains with
the Lake City district the writers have endeavored, by the use of this
work of Lindgren and Emmons together with their own additions
and observations, to classify the minerals constituting the ore deposits
of the five districts above mentioned into groups, each of which is
characteristic of a particular zone.* Six such groups were found to
exist, as follows: (1) Minerals of the oxidized zone, (2) minerals due
to secondary sulphide enrichment, (3) minerals formed at moderate
and shallow depth, (4) contact metamorphic minerals, (5) minerals
of the deep-vein zone, (6) minerals which may occur in all or most
zones and are of no diagnostic value.

1 Ransome, F. L., A report on the economic geology of the Silverton quadrangle, Colorado: Bull.
U. S. Geol. Survey No. 182, 1901.
3 Lindgren, W. L., The relation of ore-deposition to physical conditions: Congr. geol. intern., Compt.
rend. 10e sess., Mexico, 1906, pp. 701~724, 1907; Econ. Geology, vol. 2, No. 2, pp. 105-127, 1907.
" 8Emmons, W. H., A genetic classification of minerals: Econ. Geology, vol. 3, No. 7, pp. 611-627, 1908.
4 See tables, pp. 34 and 46, compiled to show the comparative mineralogy of the San Juan and the primary
mineralogy of the Lake City region.
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The first two groups belong to surficial zones and afford no true
basis of genetic comparison, as they may be superposed on any series
of deposxts, of whatever origin, which contain sulphides and other
elements in necessary amount. Differences in them afford compari-
'son only of varying topographic and climatic conditions. As such
conditions vary but little in the San Juan region, the secondary and
oxidation products show a striking similarity throughout. The
third, fourth, and fifth groups furnish a good basis for a comparison
of the primary minerals. The details of their occurrence (see table
below) in the various districts of the San Juan region, though accurate
only within the limits of our present knowledge, yield some significant
results, which in the writers’ opinion, serve to emphasize the close
relation of the Lake City region and the other areas and to bring out
such differences as exist.

TaBLE 1.—Comparative mineralogy of the San Juan region.

Lake City. Ouray. Silverton. Telluride. Rico.
................ Basicferriesul- |.... ...l iiiii i
phate.
Kaolinite. ..... Kaolinite...... Kaolinite...... Kaolinite
Limonite...... Limonite...... Limonite...... Limonite. .
I]\E][e};:ﬂatitel ...... I%eg:atmel ...... gematite1 ...... Hematite......
ative silver...| Nativesilver...| Nativesilver...[._.......... .. L.
1. Minerals of oxi- || Gold............ Gold........... Gold (7). -..... Gold. . 222111 Oxidized prod-
dized zone. ..... [0 S Copper Native copper..|p 55 198 Sb°-
Malachite. .....| Malachite...... Malachite. .....| Malachite...... e
Azurite .| Azurite........ Azurite........| Azurite.._.....[| M€ .
Cerussite Cerussite - i .. Cerussn;e
Anglesite.......|......
(I}’ha.lcian_tth G
olusite. . YD
. Cgellxte ..............
Chalcocite. . Chale 3
2. Minerals pro- ||Bornite........ ....| Bornite. .
duced by sec- [[Galena.........|..cieiiieenie]iiiilt I ..
ondary sul- [{Proustite....... Proustite....... Proustite. ..\ Proustite.......| Proustite.
phide enrich- ||Pyrargyrite.... Pyrargyrlte ............. ..} Pyrargyrite....
ment........... Argentite... .. |. ... .ol Argentite ....................... Argentite.
.. Stromeyerite...| Stephanite.....| Stephanite.
................. Polybasite. ....| Polybasite.
Sericite........ Sericite........
........... ..| Hinsdalite ..... X
Jasperoid .| Jasperoid...... Jaspermd Jasperoid.
Barite..... ..| Barite..... .| Barite..... Barite (rare).
Rhodochrosite .| Rhodochrosite .| Rhodochros Rhodochrosite.
3. Minerals of .| Rhodonite.....] Rhodonite.....|..........
moderate and Tetrahedrite. . .| Tetrahedri Tetrahed Tetrahedrite.
shallow depths.|].. Enargite. e
..| Bournoni
-} Zinkenite. .
........ antern}amte
(Bismutheom- ... .............
pounds).
Brown garnet. . Garnet.
.| Epidote........ .i Epidote.
.| Actinolite......
4, Contact meta- .| Tremolite...... ..
morphic miner- [§.......... . Magnetxte ...... ..| Magnetite.
el et B ..| Vesuvianite.
...................... .| Wollastonite
.................... .| Specularite.
.................. - ..| Chlorite.
Minerals of the
deep vein zone. .
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TaBLe 1.—Comparative mineralogy of the San Juan region—Continued.

Lake City. Ouray. Silverton. Telluride. Rico.
Quartz.........l Quartz......... Quartz......... Quartz.
Calcite. ... .| Calcite......... Calcite......... Calcite.
........... ..| Dolomite......[ Dolomite......
Fluorite........[......coo..oie Fluorite...—.... i .| Fluorite.
Chalcopyrite. . .| Chalcopyrite...| Chalcopyrite...; Chalcopyrite...| Chalcopyrite.
6. Persistent min- || G8lena. . Galena. .. -| Galena.. .
" erals Sghalerl Sphalerite .{ Sphaleri .| Sphalerite.
"""""" Stibnite. .| Stibnite
...................... .| Molybdenite.
Tellurides. ..... Tellurides...... Tellurides. .....
................ Gold...........| Gold...........
Pyrite......... Pyrite......... Pyrite......... Pyrite.

In placing the rich silver minerals proustite, pyrargyrite, stephan-
ite, and polybasite in the list of those produced by secondary sulphide
enrichment the writers have followed mostly the results of personal
observations, but to some extent also the descriptions of Ransome *
and Purington.? Proustite and pyrargyrite are without question of
secondary origin in the ore deposits of Lake City and Ouray (pp.
62-63). From Ransome’s and Purington’s descriptions it seems
probable that they are secondary in Rico and in Silverton also.
Stephanite and polybasite are described by Purington and Ransome
as the last-formed minerals of the veins in which they occur, and in
the writers’ judgment they should also be placed in the secondary
sulphide column for both the Silverton and Telluride districts.

MINERALOGICAL SIMILARITY. .

Disregarding for the moment the contact metamorphic deposits,
a general view of the table shows that the veins of the San Juan
region exhibit a fairly close mineralogical similarity in their most
common primary constituents. They are characterized chiefly by
pyrite, argentiferous galena, sphalerite, and tetrahedrite, with a
gangue composed largely of quartz with subordinate rhodochrosite
and other carbonates. Little of the argentiferous galena is rich in
silver in any of these districts unless it is accompanied by tetrahedrite
or some rich secondary silver mineral. Gold is commonly sub-
ordinate in value to silver, notable exceptions being in the Golden
Fleece, Camp Bird, and some other mines. Fluorite is rare and
almost lacking in the Lake City region. Chalcopyrite is almost
universally present in some part of every vein, but generally in less
amount than the other minerals. The relative abundance of these
primary minerals, of course, varies locally and could serve as a basis

1 Ransome, ¥, L., A report on the economic geology of the Silverton quadrangle, Colorado: Bull. U. 8.
Geol, Survey No. 182, 1901: Ore deposits of the Rico Mountains, Colorado: Twenty-second Ann. Rept.
U. 8. Geol. Survey, pt. 2, 1901, pp. 229 et. seq.

2 Purington, C. W., Preliminary report on the mining industries of the Telluride quadrangle, Colorado:
Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1898, pp. 751 et seq.
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for partial subdivision, but the differences are either in the minor
constituents which characterize those minerals now known to be
secondary (stromeyerite, argentlte, etc.), or represent merely local
preponderances.

In the Lake City and Ouray regions (columns 1 an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>