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GEOLOGY AND ORE DEPOSITS OF THE CREEDE
DISTRICT, COLORADO.

By W. H. EmMons and E. S. Larsen.

CHAPTER I.—INTRODUCTION.
LOCATION AND TOPOGRAPHY.

The Creede mining district is in Mineral County, southwestern
Colorado, near the eastern border of the elevated region that is
generally known as the San Juan Mountains. The town of Creede is
on Willow Creek a few miles above its junction with the Rio Grande.
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FIGURE 1.—Index map of a portion of Colorado showing location of Creede mining district.
[}

The area shown on the accompanying maps of Creede and vicinity
measures about 44 miles from east to west and 5% miles from north
"to south. Its position with respect”to other mineralized areas in
Colorado is shown on figure 1. The lowest part of this area, about a
mile downstream from Creede, is about 8,700 feet above sea level,
and the highest point is the summit of Nelson Mountain, near the

1



2  GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

north border of the area, which is over 12,050 feet above sea level.
The relief is therefore over 3,300 feet. The points mentioned are
shown on Plates I and II (in pocket).

Only a few miles to the north is San Luis Peak, which is more than
14,000 feet above the sea.

The area may be divided into four topographic units—the valley of
the Rio Grande, with its gently rolling grass-covered hills; the sharp,
rugged canyons of the main streams; the gentle slopes in the upper
parts of the drainage basins; and the rounded slopes and mesas of the
uplands. The valley of the Rio Grande, which is cut in the soft
Creede formation, is about 2 miles wide near Creede, which is on its
north border. It is shown on Plate I1I, with the rolling hills of tuff
and the alluvial flat of the stream.

The canyons, especially the canyon of Willow Creek above Creede,
present sheer cliffs several hundred feet high, nearly vertical and
locally overhanging. Near the Monte Carlo mine. for 1,000 feet
vertically the cliffs have an average slope of about 60°. Plate VIII,
B (p. 24), shows these cliffs above Creede. Plates IX and X (p. 24)
show the cliffs near the forks of Willow Creek.

In the upper parts of the streams recent glaciation has modified the
valleys and given gentler slopes. Plate IV, A, shows the canyon of
West Willow Creek on the left of the picture, the uplands in the
background, and the glaciated valley of West Willow Creek on its
right. Plate IV, B, shows the canyon of East Willow Creek in the
central foreground, the mesa of Nelson Mountain in the left back-
ground, and mountains at the head of the creek in the distance.

Like most other parts of the mountainous area of the San Juan
region, the Creede area is timbered and well watered. It is served by
a broad-gage branch of the Denver & Rio Grande Western Railroad,
which daily carries sleeping cars from Denver and Pueblo. The
district is more accessible than many other camps of the San Juan,
and rates for shipping ore are considerably lower.

FIELD WORK AND ACKNOWLEDGMENTS.

The geology of Creede and vicinity has been mapped by E. S.
Larsen, who for several years has been associated with Whitman
Cross in the study of the general geology of the San-Juan Moun-
tains. Mr. Larsen spent several brief periods in the study of the
geology of the region near Creede incidental to work in the San
Cristobal quadrangle, the border of which lies a short distance west
of Creede, but the larger part of his work was done during the summer"
of 1911. W. H. Emmons was detailed to study the underground
workings and the ore deposits, and spent about seven weeks, from
,July 28 to September 15, 1911, in this work. In 1912 also he spent
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INTRODUCTION. .3

four weeks in the field. A preliminary report® on the geology and
ore deposits of the district appeared in 1912.

The thanks of the writers are due to the mining operators of the
district for friendly cooperation and support, especially to the officers
of the Solomon mines and to Messrs. S. B. and Albert Collins for the
use of mine maps and to Messrs. William Barnett, G. B. Gleason,
and J. F. Wilson for many favors.

HISTORY.

In the eighties the upper part of the valley of the Rio Grande was
a route of transportation between Wagonwheel Gap and the flourish-
ing camps near Silverton and Lake City. This route passed very
near the present site of Creede and nearer still to Sunnyside, a small
camp about 2 miles west of Creede. Some of the prospectors halted
at Sunnyside to investigate the steep mountain slopes along the
valley and, finding encouraging indications, located several claims.
J. C. MacKenzie and H. M. Bennett located the Alpha claim at
Sunnyside April 24, 1883, and with James A. Wilson located the
Bachelor claim, near the present site of Creede, July 1, 1884. Some
prospecting was done in the middle eighties, principally at Sunnyside,
and futile attempts were made to work the ores in arrastres. As
early as 1885 Charles F. Nelson prospected the site of Creede and,
getting small returns, went to Sunnyside. Richard and J. N. H.
Irwin bought the Alpha claim in 1885 and located other claims near
by. There is no record of any new discoveries from 1886 until
August, 1889, when N. C. Creede, E. R. Naylor, and G. L. Smith
located the Holy Moses claim on Campbell Mountain. The next’
summer Creede located the Ethel and C. F. Nelson located the Solo-
mon claim. The mining district that was formed was called the
King Solomon district; it is east of and nearly continuous with the
Sunnyside district. ,

The promising assays that were obtained from the Holy Moses
claim, which was christened from the exclamation of Creede when he
first beheld the outcrop, led to the rapid development of the district.
When it became generally known that Creede had sold an interest in
the Holy Moses mine to D. H. Moffat and associates, of Denver,
prospecting was renewed with great vigor.

In June, 1891, Theodore Renniger and Julius Haas, grubstaked by
Ralph Granger and Eric Buddenbock, two butchers of Del Norte,
set out to prospect the region of Creede. It is said that a search for
their strayed burros led Renniger to the outcrop on the-Last Chance
claim, which was located in August, 1891. Creede, who was then
engaged in developing his claims on East Willow Creek, visited the

1 Emmons, W. H., and Larsen, E. 8., A preliminary report on the geology and ore deposits of Creede,
Colo.: U, 8. Geol. Survey Bull. 530, pp. 1-26, 1912,
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site of the discovery and traced the outcrop for some distance. Im-
pressed with the surface indications Creede prevailed on Renniger to
define his claim (the ‘Last Chance), and then located next to it the
Amethyst claim, in the names of D. H. Moffat, L. E. Campbell, and
himself. Haas sold his interest in the Last Chance claim to his part-
ners for $10,000, and in November, 1891, Renniger and Buddenbock
sold their thirds for $65,000 to investors in Leadville and Denver.
Granger, one of the original locators, was offered $100,000 for his
third interest but did not sell. .

In April, 1891, J. C. MacKenzie and W. V McGilliard located the
Commodore, a,nd in August of that year George K. Smith and S. D.
Coffin located the New York as the southerly extension of the Last
Chance. This was on the Amethyst or “Big” vein, upon which the
Bachelor claim had been located six years before, but the two loca-
tions were nearly three-quarters of a mile apart. Within a few
months the Amethyst vein was pegged for a distance of nearly 2 miles
along its strike. Mammoth, Campbell, and MacKenzie mountains
each received a due share of attention from numerous prospectors.

The finding of rich ore almost contemporaneously in the discovery
shafts of the Last Chance, Amethyst, and New York was widely
heralded. Late in 1891 and in 1892 Creede experienced a boom that
rivals anything in the earlier history of western mining camps. For
a mile and a half the narrow gulch of Willow Creek was the scene of
active building, and within a few months a city of perhaps 10,000
people had grown up. The Denver & Rio Grande Railroad, which
had its terminus at Wagonwheel Gap, was extended to Creede, and the
first train arrived December 16, 1891. The principal part of the .
town, which was at first called Jimtown, was north of Wall Street.
Owing to the small area of flat land available this part was built up
almost solidly.

The land along Willow Creek south of Wall Street was a school
section leased by the State of Colorado to Maj. M. V. B. Wason. The
State, having obtained a release from Maj. Wason, sold the land at
auction for town lots. The auction was conducted February 27, 1892,
by Governor Routt, who was president of the State land board
Lots on Main Street sold as high as $2,500 each. It is said that over
$50,000 cash was paid for land at the sale and this represented only
30 per cent of the purchase price. This addition was known as
South Creede. It was later added to Jimtown, and the two were
incorporated as a city. Only about three months after the lot sale
a disastrous fire burned practically all houses north of Wall Street,
which had been the principal section of the city.

By December 31, 1892, the district had produced 46,365 tons of ore,
valued at $4,215,000.2 Of this the Amethyst mine produced nearly
one-half and the Last Chance more than one-third.

$ Mines and mining of Colorado, a souvenir volume published at Denver.
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The district has been producing almost continuously since the
advent of the railroad, and in the nineties the daily output was large.
During some of these years the price of silver was very low, but
nevertheless the mining operations were profitable. Successful oper-
ations were in progress even during the lean years of 1893 and 1894.
As shown by the table on page 10, the total production of Mineral
County is valued at $41,698,374. Practically all of this is from the
Creede district. This includes, in order of their value, silver, lead,
gold, and zinc. About half this sum was paid as dividends, notwith-
standing the low prices at which the metals were marketed. The
Creede district ranks with Tonopah, Nev., as one of the most pro-
ductive silver camps in the United States developed after the great
slump in the price -of silver. The mines on the Amethyst vein sup-
plied over 90 per cent of the total production and paid an even larger
proportion of the dividends.

As shafts were sunk deeper on the Amethyst, Last Chance, and
Commodore claims, considerable flows of water were encountered,
and owing to the high cost of pumping the need for a deep drainage
adit became urgent. Early in the nineties Charles F. Nelson organized
the Nelson Tunnel Co. and drove an adit toward the vein, entering
Bachelor Mountain just south of the Bachelor claim. This adit was
intended to develop some veins that crop out high on Bachelor
Mountain. It was driven northwestward about 2,100 feet but did
not encounter any workable ore.

Later the Wooster Tunnel Co. was organized and secured a right
of way through the Nelson tunnel. This company drove northward
from the Nelson tunnel to the Amethyst mine. Contracts were made
with the Last Chance, New York, and Amethyst companies to haul
their ores, and in return for the advantage of a deep drainage adit
some of the companies agreed to pay royalties on ore and waste
hoisted through their own shafts. The Commodore mine, which
occupied a position topographically more favorable, did not enter
into contract with the Wooster Tunnel Co., but drove its own deep

" adit about 2,200 feet to the vein at a level about 45 feet above the
Wooster tunnel. Still later the Wooster tunnel was extended
northward, as the Humphreys tunnel, along the Amethyst vein from
the Amethyst mine to the Happy Thought and Park Regent mines.
This adit, the Nelson-Wooster-Humphreys tunnel, is now about
11,100 feet long, and 9,000 feet of it is driven on or near the Amethyst
vein. Its track extends as a surface tramway about 2,400 feet beyond
the portal to the Humphreys mill. It is equipped with mule haulage
and is the main artery of transportation for all the mines that operate
on the Amethyst lode except the Commodore. -
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MINING AND TREATMENT OF ORES.

General conditions.—Conditions are favorable for cheap mining,
as the veins are nearly everywhere of good width. They have been
subjected to very extensive fracturing and crushing, so that much of
the work has been done with pick and shovel. Much ore in one of
the largest stopes was run out or “milled” from the bottom without
previous blasting or breaking. At present nearly all the stoping is
done with hand drills. Owing to the fractured condition of the rock
the miners find their labor lighter than in many neighboring districts.

The mines on the Amethyst and Solomon veins are served by adits.
The topography is so rugged that these gain depths of 1,000 to 1,400
feet within comparatively short distances. The mines supply a
large quantity of water, which is drained through the adits and is
used for milling. Although several deep shafts have been sunk, at
present nearly all the ore is passed through the adits.

The larger part of the ore at Creede was partly or completely
oxidized. - Such ore is not, suitable for mechanical concentration and
was shipped without dressing to smelters. Most of it has gone to
the plant of the American Smelting & Refining Co. at Pueblo. Owing
to its siliceous character, favorable rates are obtained for smelting.

In the lower levels of the mines on the north end of the Amethyst
lode, especially in the Amethyst and Happy Thought mines, large
bodies of sulphides suitable for concentration were encountered.
This material was dressed in the Humphreys mill, at North Creede,
and in the Amethyst mill, near the Amethyst mine. The Humphreys
and Amethyst mills are of the same general type, the equipment
including crushers, rolls, classifiers, jigs, tables, and canvas plants.
The zinc blende and galena are readily separated, giving clean con-
centrates, and the pyrite is not so abundant as to reduce the grade
of zine concentrates greatly. Gold and silver are recovered mainly
with the lead concentrates or in the slimes. Two smaller mills, the
Solomon and the Ridge, have been erected on East Willow Creek
about 1% miles above North Creede. The ore of the Solomon vein
is very soft, and some of it is crushed by rolls without prelimina,ry
breaking in a jaw crusher.

Humphreys mill.—The Humphreys mill, at North Creede, is the
largest in the district. It was built in 1901 “pincipally to treat the
ore of the Happy Thought mine. Working at full capacity it will
treat about 250 tons in 24 hours. The flow sheet of the mill is shown
as figure 2. The mill is equipped with water power, but steam is
used in winter when the flow of water is insufficient.

The air supplied to the mines is carried 2 or 3 miles through a
4-inch pipe and furnishes power also for the Amethyst mine.

\
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Amethyst mill—The Amethyst mill is on West Willow Creek, a
short distance from the Amethyst mine, with which it is connected
by an aerial gravity tramway. The mill is smaller than the Hum-
phreys mill, but the method of jtreatment employed is closely similar.

Receiving bins (300 ton:
Scales
G Grizzly (1% inch)
Crusher
Bin (5? tons)
Feeder
]
Samlpler
1 pair rolls (14 by 36 inches)
Elevator
|
Two 4-mesh trommels
Undersize | |__Oversize
1
Two 6-mesh trommels Finishing rolls (14 by 30 inches)
ovmwe Undersize —_
Four Harz jigs (4-mesh) Two B-mesh trommels .
Con centrate Oversize | Undersize
Four [Harz ]lgs (G-mesh) ld-mjl trommels
Concentrate —Qversize | Undersize
r finishing jigs (10-|mesh)
Middlings Mid Concentrate ¢
Dlstrlbutor

Chilean mxlls (12-mesh)

Slime  Fulp Jthickenler Pulp
1.
Callow se[ttmng tanks Skinner classifier (200 tons)
'ﬁe_J &_? 14 sized products
Two Wilfley multlldeck slimers Twlo Wil eyel'. 14 tables (l(l) Wilfleys, 4 Cards)
Concentrate Concentrate | Tailings . Tailings to creek
) Sli to creek  |Slime from <
Slime ime ‘ five tables Concentrate

Dressing water
from nine tables

Middlings

5 tables (2 Wilfleys, 3 Cards)

|
Overflow C ate Tailings

Centrfug'al pump
Two WiIAey slime
Concentrate  Slime to crec
FIGURE 2.—Flow sheet of Humphreys mill.

Solomongnill.—The Solomon mill is on East Willow Creek near the
portal of the Solomon adit. Its equipment includes crusher, rolls,
screens, jigs, tables, and canvas plant. The general plan of con-
centration is similar to that employed in the Humphreys and Amethyst
mills. Poweris supplied by steam. The ore treated carries: galena,
sphalerite, cerusite, and anglesite. Much of the ore is stiff green
chloritic clpy, requiring very little grinding. A fair saving is made in

105719—23——2
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jigs and on tables. The slimes that are separated by means of the
canvas plant carry lead sulphide and some gold. The Solomon ores
contain relatively little silver.

Ridge mill.—The Ridge mill is on East Willow Creek at the portal
of the Ridge tunnel, a short distance above the Solomon mill. Asin
the Solomon mine, the ore is mainly lead and zinc sulphides in a stiff
green chloritic clay or gouge. Silver and gold are but sparingly
present. Not much of the ore is crushed. The large boulders as a
rule carry very little lead and zinc and are thrown away. Some
large masses of galena and sphalerite are sorted out by hand. The
soft chloritic material carrying disseminated galena and sphalerite is
fed to a revolving disintegrating screen. From this it passes through
trommel screens to jigs and tables. The mill has a capacity of about
50 tons in 24 hours and is provided with water power which operates a
4-foot Pelton wheel at a pressure of 35 pounds to the square inch.

PRODUCTION.

The subjoined table is taken from a forthcoming work by Charles
W. Henderson on the history of mining in Colorado, to be published
as a professional paper of the United States Geological Survey.
Practically all the metals produced in Mineral County come from the
Creede district. .
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BIBLIOGRAPHY.

The literature on the geology and ore deposits of the San Juan
region is extensive. Lists of the publications of the United States
Geological Survey on mining districts in this region may be found
in Bulletin 507, by J. M. Hill. Below are listed only those papers
that treat the geology and ore deposits of the Creede district, which
is separated from other areas of mineralization in the San Juan
region by a fairly extensive area that is not known to contain min-
eral deposits. Besides the papers listed there are also numerous
brief notes of timely interest in the technical and mining journals.

Eumons, W. H., and Larsen, E. 8., A preliminary report on the geology and ore
deposits of Creede, Colo.: U. S. Geol. Survey Bull. 530, pp. 42-65, 1913.

Discusses briefly the principal results of the United States Geological Survey

investigations at Creede, of which the present paper is the final report.
Eummons, W. H., and Larsex, E. S., The hot springs and mineral deposits of Wagon-
wheel Gap: Econ. Geology, vol. 8, pp. 235247, 1913.

Describes a fissure vein near which hot springs now issue.

Fosaaa, W. T., The crystallography and chemical composition of creedite: U S.
Nat. Mus. PIOC vol. 59, pp. 419-424, 1921.
Henperson, C. W., U. 8. Geol. Survey Mineral Resources, 1908, pt. 1, p. 390, 1909.

Table of production and notes on development at Creede.

HenpErson, C. W., idem, 1909, pt. 1, p. 320, 1910. .

Table of production and notes on the mining conditions at Creede. Seven
companies produced ore, the total tonnage of Mineral County being 64,941 tons.
Over one-half of the product was milled, the remainder being shipped to smelters
as crude ore.

He~nbpERSON, C. W., idem, 1910, pt. 1, p. 425, 1911. )

The statistics of production in 1910 and mining conditions of the district are

reviewed.

HenpersoN, C. W,, idem, 1911, pt. 1, p. 551, 1912

Larsen, E. S. See Emmons and Larsen.

LARSEN, E. 8., and WeLLs, R. C., Some minerals from the fluorite-barite vein near
Wagonwheel Gap, Colo.: Nat. Acad. Sci. Proc., vol. 2, p. 360, 1916.

Larsen, E. §., and WHERRY, E. T., Halloysite from Colorado: Washington Acad.
Sci. Jour., vol. 7, pp. 178-180, 1917.

Leg, H. K., Gases in metalliferous mines: Colorado Sci. Soc. Proc., vol. 7, pp. 163-
188, 1903.

Discusses the geology and ore deposits of the Amethyst lode and describes the
gas that issues from the walls into workings in the north end of the lode. An
analysis of the gas is reported.

LinpgreEN, WALDEMAR, and others, U. 8. Geol. Survey Mineral Resources, 1905,
p. 205, 1906.

Gives a table showing production of Mineral County and notes on mining con-
ditions at Creede.

NARrRAMORE, CHESTER, U. S. Geol. Survey Mineral Resources, 1907, pt. 1, p. 262, 1908.

Notes on developments at Creede, with a table showing production.

Parumareg, H. C., Zinc ore dressing in Colorado; the Creede district: Met. and Chem.
Eng., Dec., 1910, pp. 677-678.
Describes the treatment of Creede ores at the concentrating plants of Creede.
Rickarp, T. A., The development of Colorado’s mining industry: Am. Inst. Min,
Eng. Trans., vol. 16, pp. 834~848, 1896.

Gives an account of the early history of the Creede district and of its early

production. ‘



CHAPTER II..—OUTLINE OF THE GEOLOGY.

The bedrock exposed in the area shown on the map of Creede and
vicinity and for a number of miles in all directions is made up en-
tirely of Tertiary volcanic rocks and is a part of the great volcanic
field of the San Juan Mountains. Lava flows form the greater part
of the material, but there are a number of tuff and breccia deposits
and a few small intrusive bodies. Although the rocks show little
variety and with the exception of a single andesite formation are
all classified as rhyolites and quartz latites, they belong to four dis-
tinct periods of eruption and are separated by very irregular surfaces
of erosion. Furthermore, the rocks of each eruptive series consist of
a number of subdivisions which are in turn commonly separated by
irregular erosional surfaces.

In the course of the general survey of the San Juan Mountains,
which has been in progress for some years, under the direction of
~ Whitman Cross, the volcanic rocks have been studied and mapped

over nearly the whole of the mouuntains, including the San Cristobal
~and Creede quadrangles. The lavas and associated lake beds and
other clastic deposits of the Creede area, though in part local in ex-
tent and character, form a normal portion of the great San Juan
sequence, and the two lower groups of eruptive rocks, here called
Alboroto group and Piedra group, correspond to parts of the Potosi
volcanic series. The lower part of the lower (Alboroto) group, in-
cluding the Outlet Tunnel quartz latite, the Willow Creek rhyolite,
and the Campbell Mountain rhyolite, differs somewhat from the nor-
mal rocks at this horizon, and as these rocks are not known at any
great distance from Creede they probably represent a group of local
flows.

The relations of the formations in the Creede district to those of
neighboring areas on which reports have already been published are
shown in the accompanying table.

AGE OF THE ROCKS.

The rocks are all believed to be of Miocene age, as plant remains
collected under Bristol Head, to the west, from the Huerto forma-
tion, which lies between the Alboroto and Piedra groups, are closely
related to those of the Florissant lake beds, which are Miocene and
probably upper Miocene, and plant remains collected from the over-
lying Creede formation are also closely related to the Florissant flora.

12 ‘ )



Geologic formations in a part of southwestern Colorado.

[The waved lines indicate erosion intervals.|

H. B. Patton (quoting unpublished names of Whitman Cross and W.H.Emmonsand E. S. Tarsen, 1922 (this report)—Creede district, l ‘Whitman Cross (folios and other published reports)—San Juan Moun-
E.S. Larsen), 1917 (Colorado Gieol. Survey Bull. 13, with map)—  southwestern Colorado. | tainregion, southwestern Colorado.
Platoro-Summitville district, southwestern Colorado. i

e

i Hinsdale volcanic series. 0-1,200+ fect, Probably Miocene or Plio-

Hi | : . Absent | cene. Lava flows of rhiyolite, andesite, and basalt. Named by

linsdale voleanic series. . . * Whitman Cross in 1911 (U. S. Geol. Survey Bull. 478, p. 22) for
important development in Hinsdale County.

" Quartz latito porphyry dikes. Miocene (?).

Fisher quartz latite. [Thickness 0-3,0004 feet. Named for expos- Fisher quartz latite. Miocene (?). 0-1004 feet. . ) .
ures in vicinity ol Fisher Mountain, Creede quadrangle.] Intrusive rhyolite, andesite, latite, and quartz monzonite porphyry.
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Creede formation. 0-2,0004 fect. Lake beds of tuff, with some

[Absent.| flows of quartz latite in upper part. Miocene.
B R LA LN R e
Nelson Mountain quartz latite. 0-350 feet.
Rat Creek quartz latite. 0-500 feet. .
1
" Quartz latite tuff. 0-500 feet.
. , ! % Andesite. 0-500 feet
Piedra formation. EA\ series of voleanice flows, with subordinate | s S '
tufl, predominantly of rhyolite and quartz latite. Thickness D .
0-2,000+ feol. Neparaled from uaderlying ITuerto {urmation @ ) .
Dy an erosion interval. Named for oxposures in Piedra Peak, < ! Intrusive andesite.
San Cristobal quadranglo, Colo.) g‘:’ !,,,,, R - - .
) Tridymite latite. 0-400 feot.
T B T e eli—
) Windy Gulch rhyolite breccia. 100- yRhyolite tuff (to
200+ feet. east). 0-200 feet. !
- e e e e . jMammoth  Moun-
i tain rhyolite.
| i Hornblende quartz latite. 200 feet. 0-1,000 feet.
— —_ U — - . . - s an s = et mat e n ’
Huerto formation. [A seriesof andesitic flowsand tuff breccias, | §
. 0-2,000+ feet thick, which commonly overlies the Alboroto for- | S
@ mation rather reiularly. Named for occurrence on Huerto | & ° Absent.
£ geﬁ)k, in t:xe[s&ut ern a;; of the San Cristobal quadrangle, | =
olo. 3 C
o » west of Huerto Creek.] 8 i Potosl voleanicseries. 0-2,000+ feet. Miocene. Lava flowsofrhyo-
g ——— R et I~ I e e N lfite, qltllartzla%te, a%dfsn\%/ﬁléd tuffc. Loicalll ggi(vésilsal% int;ogeveral
& i o ’ : formations. Named by man Cross in . 8. Geol. Surve
3 g Equity quariz latite. 0-1,000 feet. i Ceol, Atlas, Telluride folio, No. 57) for development on l’otosS;
= '8 S DU I Peak, Silverton quadrangle.
§ ) ’ Phoenix Park quartz latite. 0-500 fect. . [
A Bl & — - U,
Alboroto formation. (A { quartz1 a rhyolito lows | £ | 5 |
Alboroto formation. [A series of quartzlatite and rhyolite lows | 8 ! & ST ito.
with somo tuff. Thickness 0-3,000+ feet. Se a¥ated from | M | & \i Infrusive rhyolite
Summxtv.xlch:wdcsitc lfy an erosionlintervtr]u. amed for oc- Qe e Sme e e - ey
currence in Alboroto Mountain, in the southeast corner of the e f s !
San Cristohal quadrangle, Colo’] i 1'3' Campbell Mountain rhyolite. 0-1,000 feet.
: ;a‘ . . B ~ <. ~— )
1 | Willow Creek rhyolite. 0-1,000+ feet.
| e AM'MMM e e eme
i Outlet Tunnel quartz latite. 250-350+ feet.
Summitville andesite. |Named for exposures near Summitville, .
Colo. Thickness 0-3,000+ feet.] |
T'reagsure Mountain latite. [Named for exposures on Treasure
Mountain, in northwestern part of Summitville quadrangle.
Thickness 0-1,000+4 feet.] Ahsent,
Palisade andesite (Conellos formation). [Palisade is long pre-
occupied by Palisade dlabase of New Jersey. Thenameadopt-
ed by U. S. Geological Survey for these rocks is Conejos forma- '
tion, derived from their exposuresalong Conejos River. Thick-
ness 0-3,000+ feet.}

O N e L B N o

|
I Silverton voleanic series. 0-4,000+ feet. Probably Oligocene or
| early Miocene. Succession of flows of andesite, latite, rhyolite, tufl,
; and breccia. Locally divisible into several formations. Name
! by Whitman Cross In 1801 (U. S. Geol. Survey Bull. 182, p. 32) for
' extensive development in Silverton quadrangle.

|

i
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: San Juan tuff. 0-3,000+ feet. Probably Eocene. Seriesofstratified
. and water-1aid andesitic tuffs, breccias, and agglomerates. Named
. by Whitman Cross in 1896 (Colorado Sci. Soc. Proc., vol. 5, pp-
i 225-241) for important development in San Juan Mountains.

!

[ e et em e e

| Lake Fork breccia. 0-1,000+ feet. Probably Eocene. Chiefly cha-
| otic andesitic flows and breccias locally developed in the Uncom-
: Qi‘r“ re and adjoinln}g g adrangles, Colorado. Here named b§
i tmsan Cross and E. 8. Larsen for exposures in the Lake For

| of Gunnison River in Uncompahgre quadrangle.

A

-

A A
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i Telluride conglomerate. 0-1,000+ feet. Probably Eocene. Coarse
| conglomerate, containmg pebbles and boulders or schist, granite,
| quartzite, imestone, and other Paleozoic rocks, with, locally, fine
! sandy limestones. Originally named *San Miguel formation”’ by
, Whitman Crossin 1896 (Colorado Sci. Soc. Proc., vol. §, pp. 225-241)
I for oxposures on north side of San Miguel River in the vicinity of
i Telluride. San Miguel being preoccupied b‘:‘ya Cretaccous forma-
. tion of Texas, this conglomerate was 1n 1905 (U. S. Geol. Survey
i Geol. Atlas, Silverton folio, No. 120) renamed by Mr. Cross Telluride
i conglomerate.

10571928, (Face p. 12.) S e
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POTOSI VOLCANIC SERIES.
ALBOROTO GROUP.

The oldest rocks exposed in the area comprise a succession of
- mapped formations consisting of rhyolites and quartz latites, chiefly
in flows but containing some clastic material. These rocks collec-
tively correspond to the Alboroto formation of the Potosi volcanic
series as subdivided in Bulletin 13 of the Colorado Geological Survey,

and are therefore here called Alboroto group. The lowest formation -

of this group, the Outlet Tunnel quartz latite, is exposed only in two
small areas in the bed of East Willow Creek. (See Pl. II.) It is
made up chiefly of biotite-hornblende-quartz latite but contains
some pumiceous rhyolite; it comprises both flows and fragmental
material. It is overlain irvegularly by the Willow Creek rhyolite,
which is made .up of several flows of purple-drab to gray fluidal
banded felsitic rhyolite. Just north of Creede over 1,000 feet of this
rhyolite is exposed without evidence of more than'a single flow. The
Campbell Mountain rhyolite overlies a somewhat irregular surface of
the Willow Creek rhyolite and is made up of flows of a dull reddish-
brown or drab mottled flow breccia. It attains a thickness of 1,000
feet near Creede but becomes much thinner to the northeast and
east. The Phoenix Park quartz latite is chiefly above the Campbell
Mountain rhyolite but is in part interbedded with that formation.
It is commonly a light red-brown biotite-hornblende-quartz latite,
‘chiefly in flows but containing some rather coarse breccia. It
attains a great thickness at the head of East Willow Creek, but in the
area shown on Plate II only a few hundred feet is exposed. The
Equity quartz latite is closely related to the Phoenix Park quartz
latite and probably represents a great flow in that series. It was
recognized only in the northern part of the area in the drainage basin
of West Willow Creek, where it overlies the Campbell Mountain rhyo-
lite rather regularly and has a thickness of about 1,000 feet. It isin
large part a single flow of a Quaker drab fluidal biotite-quartz latite.

PIEDRA GROUP,

¥ The group of rocks composing the upper part of the Potosi volcanic
series in this district corresponds to the Piedra formation of Bulletin
13 of the Colorado Geological Survey and is therefore here called
Piedra group. Theserocks have at their base a surface of great irregu-
larity, and their extrusion was evidently preceded by a considerable
period of erosion during which the streams cut canyons in the rocks
of the Alboroto group comparable in depth and ruggedness to those of
the present streams but in no wise related to -the canyons of to-day.

The rocks of the Piedra group filled in these newly made canyons
and probably covered nearly or quite all of the region. The lowest
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of the Piedra group of flows and clastic layers is a hornblende-quartz
latite in thin flows and breccia beds, which is exposed only in the
drainage basins of Rat and Miners creeks. In some places it is
several hundred feet thick; elsewhere it is entirely absent. It is over-
lain by a few hundred feet of light red-brown rhyolite flow breccia
and tuff (the Windy Gulch rhyolite breccia), which contains abundant
included fragments of pumice. A tridymite latite, locally 400 feet
thick, mostly in one great flow, overlies this rhyolite breccia rather
irregularly. The rock is red brown and is characterized by promi-
nent fluidal banding, by the presence of much tridymite in the more
porous bands, and by abundant krystals of orthoclase, plagloclase,
and biotite about 1 millimeter in diameter. The tridymite latite is
overlain rather regularly by a series of andesites which varies greatly
in thickness but nowhere exceeds 500 feet.

In the eastern part of the area ‘the two.lower formations of the
Piedra group described in the preceding paragraph are lacking, and
their place is in part taken by a great flow rhyolite, the Mammoth
Mountain rhyolite, which is locally 1,000 feet thick. This rock is a
red-brown flow breccia and is very similar to the Campbell Mountain
rhyolite of the Alboroto group. It is overlain by several hundred
feet of rhyolite tuff with associated thin flows, and those beds in turn
are overlain by the tridymite latite to the east of the area mapped.

A succession of quartz latites overlies rather irregularly the an-
desite or tridymite latite and locally rests on other rocks. These
quartz latites carry rather abundant crystals of plagioclase, quartz,
orthoclase, biotite, augite, hornblende, and titanite about 1 milli-
meter in diameter. The lowest formation of this succession consists
of several hundred feet of nearly white quartz latite tuff with some

interbedded flows. The intermediate formation, the Rat Creek
quartz latite, is made up in large part of flows but contains some tuff.
The upper formation, the Nelson Mountain quartz la,tlte, is a persist-
ent mesa-forming flow, about 200 feet thick.

CREEDE FORMATION.

The Creede formation was deposited in a lake that occupied a
valley carved out of the rocks of the Potosi volcanic series. This
valley was deeper than that of the present valley of the Rio Grande
and occupied about the same position from Antelope Park to Wagon-
wheel Gap.

The lower part of the Creede is made up chiefly of fine-textured
thin-bedded rhyolite tuffs, with some coarser material, especially
near the borders of the old lake. It contains numerous bodies of
travertine, which indicate the presence of abundant hot springs
during this period. The upper part of the Creede formation is of

=4
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somewhat coarser texture and consists chiefly of fairly well bedded
breccia and conglomerate with some fine tuff and intercalated thin
flows of soda rhyolite.

FISHER QUARTZ LATITE.?

A later series of lava flows overlies the older rocks very irregularly
and in the area described in this report is made up of a single great
flow, the Fisher quartz latite, which is characterized by abundant
large crystals of plagioclase, biotite, and augite. To the north and
east this formation embraces a great thickness of flows and tuff
breccias made up of quartz latites and related rocks which show
numerous large phenocrysts. '

INTRUSIVE ROCKS.

Intrusive rocks are present in this area only in a few compara-
tively small bodies. Four types have been recognized. The oldest
is a rhyolite. porphyry, which was intruded as irregular or sill-like
bodies into the rocks of the lower or Alboroto group of the Potosi
volcanic series. It is a nearly white rock containing large crystals
of glassy orthoclase. A single small dike of andesite cuts the rocks
of the upper or Piedra group of the Potosi rocks west of Rat Creek.
In Miners Creek a number of dikes of quartz latite porphyry cut
the Piedra rocks and are probably related to the flows of the Fisher
quartz latite. The rock of these dikes is dense and carries rather
abundant large crystals of plagioclase and some of biotite, augite,.
and hornblende. A hornblende-quartz latite porphyry is present in
some of the mine workings.

QUATERNARY DEPOSITS.

After the volcanic activity had ceased erosion again became the-
dominant geologic agent, and the present mountains and canyons
were carved from the great volcanic pile. There is reason to believe
that the erosion took place in two stages. During the first stage
erosion proceeded to moderate maturity with the main stream chan-
nel about 1,000 feet higher than that of the present Rio Grande and
developed the broad valleys and comparatively gentle rolling hills
of the basin of upper Windy Creek and of the other streams of the
area. The second stage opened with a considerable increase in the
gradient of the streams. This began in the larger streams and
worked upstream, increasing the gradient and developing the deep,
rugged canyon above Creede and Sunnyside. After the streams had
cut down their beds nearly to their present level, the upper parts
of the main streams were occupied by glaciers that widened the

8 Used by H. B. Patton, quoting Whitman Cross and E. 8. Larsen, in Colorado Geol. Survey Bull, 33,.
. Pp. 20, 1917, and defined by Patton on pp. 23-33.
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valleys but did not cut them much deeper. Since the disappearance
of the glacial ice the streams have deepéned their channels but little.
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