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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

-
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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.

The terminal moraines of the glaciers of Rat Creek and both forks
of Willow Creek are within the area included in this report. Large
landslides are conspicuous geologic features, and talus, terrace gravels,
and alluvium cover small areas.

GEOLOGIC STRUCTURE.

The chief deformation of the region has been rather complex block
faulting, with some tilting near the faults. Nearly all the ore deposits

lie along these faults. The faults are believed to be later than any of -

the volcanic rocks of the area, and they are earlier than the develop-
ment of the present topography. The area has also probably been
gently tilted toward the south.

A
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CuaPTER I[IL.—ROCKS OF THE ALBOROTO GROUP.
GENERAL FEATURES.

The oldest rocks exposed within the area covered by the map of
Creede and vicinity (Pl IT) are a thick series of rhyolites and quartz
latites belonging to the Alboroto group of the Potosi volcanic series.
Only a few miles to the west, under Bristol Head, they are underlain
irregularly by a series of andesitic rocks, and still farther up the Rio
Grande, near the mouth of Lost Trail Creek, they overlie the San
Juan tuff.* In other places, as in upper Ute Creek, west of Creede,
and in Cebolla Creek, north of Creede, they or younger volcanic
rocks directly overlie pre-Cambrian granites, schists, gneisses,
quartzites, and other rocks; in still other places, as near Pagosa
Springs and south of Gunnison River, they overlie Paleozoic and
Mesozoic sediments. _

The top of this group is likewise a surface of marked irregularity,
owing to the considerable period of erosion that immediately pre-
ceded the extrusion of the rocks of the overlying Piedra group. A
few miles to the west a great thickness of andesitic rocks lies between
these two groups and beneath the erosional surface. In the Creede
area, however, the rocks of the Piedra group directly overlie those
of the Alboroto group, the intervening Huerto formation being
absent.

The rocks of the Alboroto group as exposed near Creede are all
highly siliceous; the greater part are rhyolites, although quartz
latites are present in the northern part of the area and attain a great
development farther north, on both forks of Willow Creek. The
rhyolites and quartz latites alternate, and it is probable that they
originated from different vents. The group has been subdivided into
five formations—two rhyolites and three quartz latites—and most
of these consist of several flows or of flows and associated tuffs. The
lowest quartz latite, the Outlet Tunnel quartz latite, underlies at least
a part of the Willow Creek rhyolite. Its upper surface is very ir-
regular, and it may represent a much older period of eruption than
the overlying flows. The Campbell Mountain rhyolite, wherever
exposed, immediately overlies a rather irregular surface of the
Willow Creek rhyolite. The second quartz latite, the Phoenix Park
quartz latite, in general overlies the Campbell Mountain rhyolite but
in places is interbedded with it. The Equity quartz latite, where
recognized, immediately overlies the Campbell Mountain rhyolite,
and it is believed to be more closely related to the Phoenix Park
quartz latite than to the rhyolites.

+Cross, Whitman, U. S. Geol. Survey Geol. Atlas, Silverton folio (No. 120), p. 7, 1905.
17
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/

OUTLET TUNNEL QUARTZ LATITE.

GENERAL CHARACTER AND OCCURRENCE,

The Outlet Tunnel quartz latite, which is the oldest rock exposed
in the area mapped, is a chaotic aggregate of lava flows and breccia
beds. It was found in only two small bodies in the canyon of East
Willow Creek a short distance north of the Ridge mine and has not
been recognized in the reconnaissance of the adjoining region. In
the lower body it shows fair outcrops, although the contacts are
everywhere covered so that its extent and form can be only roughly
determined. The upper body is exposed only in the outlet tunnel,
from which this rock receives its name. Talus from the overlying
rhyolite covers the lower slopes of the hills, and the two bodies may
be connected on the west side of the creek beneath the talus, but it
appears more probable that the Willow Creek rhyolite separates the
two bodies, and this interpretation is shown on the map. Only
about 250 to 300 feet of this quartz latite is exposed, but as the base
has not been reached it is not improbable that the part exposed
represents only the top of a body of considerable thickness. It is
overlain irregularly by the Willow Creek rhyolite, although the con-
tact has nowhere been seen. '

PETROGRAPHY.

Megascopic features—The rocks of the flows and breccia frag-
ments are chiefly biotite-hornblende-quartz latites of purple-drab to
gray color.® They carry phenocrysts from 1 to 2 millimeters across
of white plagioclase, commonly altered, glassy orthoclase, quartz,
biotite, and altered hornblende, in an aphanitic groundmass; a few
show in addition an occasional crystal of orthoclase or microperthite
as much as 3 centimeters across. The groundmass equals or exceeds
the phenocrysts in amount. The rocks are mostly rather dense,
but some carry visible pores and gas cavities. Fluidal texture is
present in much of the rock but is rarely conspicuous. Small inclu-
sions are abundant in some of the rocks and consist chiefly of quartz
latite of darker color than the host and carrying fewer phenocrysts;
a few consist of rhyolite or andesite.

6 As the color is rather characteristic of many of the rocks of the Creede district and as slight differences
in color are among the most easily recognized differences between some of the rocks, accurate color descrip -
tions of the rocks are highly desirable. Accurate color names require a standard of color nomenclature,
and no such standard that is both sufficiently comprehensive and generally accepted exists. Robert
Ridgway’s ‘“Color standards and nomenclature,” published in 1912, is the best standard that we have,
but to use it properly requires an actual comparison with the plates in Ridgway’s book. It therefore
seemed best to the writers to use in the text color names that could be properly understood by reference
to a good dictionary and to include the more precise name according to Ridgway’s color standards in foot-
notes. According to Ridgway’s color standards the rocks of the Outlet Tunnel quartz latite are commonly
light purple-drab (1*//b) to purple-drab (1"”), less commonly purplish vinaceous (1//d), pallid Quaker
drab (1''’f), or pale neutral gray (d).
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Microscopic features.—The microscopic study of the thin sections
showed that about a third of most of these rocks is made up of
phenocrysts of plagioclase, orthoclase, quartz, biotite, green horn-
blende, magnetite, apatite, titanite, and zircon, stated in the order of
their abundance as roughly. estimated. The plagioclases are much
altered to calcite and sericite, in some specimens to kaolinite; the
“orthoclase is fresh; the quartz is greatly embayed from magmatic
resorption; the apatite crystals have colorless ends and a faintly
pleochroic, smoky yellow-brown core. The phenocrysts are embedded
in a matrix which is indistinctly polarizing in specks and shreds, less
commonly in minute rounded areas. It is clouded and carries
numerous minute reddish shreds which are probably hematite.

Less common rock types.—Rare fragments in the breccia show more
conspicuous and abundant crystals from 3 to 5 millimeters across of
biotite and of plagioclase having the composition of andesine. The
groundmass is uneven in size of grain and much coarser than that in
the other rocks; it is granophyric or micrographic in texture.

Within the quartz latite breccia are thin, irregular bodies of rhyo-
lite flow breccia. This rock is pale purplish gray ® and shows a few
crystals of quartz, biotite, and glassy orthoclase about a millimeter
long in a glassy to aphanitic groundmass. It is characteristically
porous and carries very abundant and prominent irregular-shaped
inclusions of fibrous pumice as much as several centimeters across.
‘Weathering removes the pumice fragments, leaving large ragged
cavities. .This rock closely resembles the Windy Gulch rhyolite
breccia. : ‘

WEATHERING AND OUTCROPS.

The rocks are considérably altered through hydrothermal action.
The plagioclase is sericitized, and the hornblende is altered to a
crumbly dark-red material; secondary calcite and chlorite are abun-
dant, and some sulphides are present. This rock is less resistant to
erosion than the overlying rhyolite and gives inconspicuous outcrops
that are largely masked by talus from the cliffs'of the overlying
thyolite.

WILLOW CREEK RHYOLITE.

GENERAL CHARACTER AND DISTRIBUTION.

The thick series of flows of fluidal felsitic rhyolites characteris-
tically exposed above Creede-in the canyons of both forks of Willow
‘Creek is here called the Willow Creek rhyolite. It is also prominent
in Dry Gulch, in Miners Creek, and above the Equity mine in upper
West Willow Creek. Its distribution is shown on Plate II. From
reconnaissance work about Creede it is believed to come out from
under the overlying rocks to the north at Bondholder; to the east it

8 Ridgway’s pallid purplish gray (67''"/'f).
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crops out more or less continuously for some miles, but has not been
recognized east of Wagonwheel Gap; to the west it- wedges out
rapidly and is not present south of Bristol Head.

On the west slopes of Mammoth Mountain nearly 2,000 feet of this
formation is exposed and the base is not seen; in other areas along
both forks of Willow Creek there is nearly as great a thickness. Where
its base is exposed on East Willow Creek above the Ridge mine it”
overlies an irregular surface of the Outlet Tunnel quartz latite and is
not more than 200 feet thick. It therefore decreases in thickness
from nearly 2,000 feet to about 200 feet in a distance of 14 miles.
It is possible that the Outlet. Tunnel quartz latite represents a lens
between flows of the Willow Creek rhyolite, but this is not believed

probable. ;
. PETROGRAPHY.

Megascopic features.—The rocks of these flows are commonly light
to dark purple-drab, less commonly light drab, buff, or gray.” Fluidal
structure is always present and is commonly prominent and charac-
teristic. The main part of the rock is dense and has about the luster
of freshly broken porcelain, but streaks or lenses are decidedly
porous and have a paler color. These streaks as seen on plates
broken along the banding are a few centimeters wide and several
decimeters long; they are generally not over a few millimeters thick.
They may form as much as 10 per cent of the rock. In addition to
these larger streaks and grading into them are closely spaced narrow
bands, giving the rock a beautiful fluidal structure. In places,
notably on Rat and Miners creeks, the rock has a more delicate
fluidal structure and a somewhat paler color. Near Weaver the rock
breaks into thin plates along its well-developed and closely spaced
fluidal banding; at other places it has an inconspicuous fluidal
structure. In a few places it carries large cavities lined with drusy
quartz crystals and partly filled with chlorite; rarely it carries
inclusions of foreign rock.

The rock contains a very few visible crystals, mostly of orthoclase
but in part of white plagioclase, commonly kaolinized, and a very
little biotite.  Otherwise it is felsitic or aphanitic—that is, its com-
position can not be determined in the hand specimen. A number of
flows are probably present, but their close-similarity and the lack
of glassy layers or other recognizable distinctions at the tops or
bottoms of flows makes it difficult to distinguish between them.
Where the greatest thickness is exposed, on Willow Creek, if more
than one flow is present they are almost identical in character and
could not be distinguished. Near Sunnyside several flows, some of

1 Commonly Ridgway’s purple-drab, ranging from pallid to dark (1'’f to 1’”'i); less commonly pur-
plish vinaceous (1'’’b), light cinnamon-drab (13'/"’b), a number of pallid tints of buff, lilac, drab, and
gray, and the lighter tints of gull-gray.
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them different from the rock of Willow Creek, have been included in
this formation. :

Microscopic features.—The rock is uniformly holocrystalline and
contains few phenocrysts, chiefly of orthoclase, with some plagio-
clase, a very little biotite, and accessory apatite, iron ore, and zircon.
The plagioclases are albite and albite-oligoclase and are commonly
kaolinized. The orthoclase crystals are commonly broken and in
some specimens show on their borders between crossed nicols a
lacework that grades into the groundmass and is due to a growth of
material from the groundmass on the crystals. The groundmass is
beautifully banded. The main part is indistinctly polarizing, even
with the highest magnification, and is clouded from minute bodies
of ferritic material; numerous lenses or streaks are much coarser and
are clear. These coarser streaks correspond to the lighter-colored
bands and lenses seen in the hand specimens and make up a small
percentage of the rock; they range in width from a few millimeters
to a small fraction of a millimeter.

The larger lenses show a marked banding and concentration of

. quartz in their interior. These bands, of which there are commonly

three or four in a lens, are not sharply bounded but grade into one
another. The outer band, which is not always present, is a few
tenths of a millimeter across and is made up of parallel fibers which
project from the walls and extend across the band, resembling
delicate spherulites. Sharply bounded from or grading into, this
fibrous band or forming the outer band of some of the lenses is a band
made up of comparatively coarsely crystallized quartz and ortho-
clase. The orthoclase is chiefly in fairly well-formed elongated
crystals, a few of which are greatly elongated or acicular. In part
they appear to have grown from the walls and commonly project
from the walls; in part they are embedded in the quartz crystals
poikilitically. They vary greatly in size, and the largest are 0.3
millimeter long. The quartz is interstitial and in a few places is
crystallographically continuous with the quartz grains of the interior.
As quartz becomes more abundant toward the interior and both
quartz and orthoclase become more coarsely crystalline, this band
grades into the next, which is made up of an aggregate of inter-
locking quartz grains, commonly 1 millimeter across, with some gas
cavities. Some bands have a core which is largely pore space and
into which project drusy crystals of quartz and orthoclase that can
be easily seen with a pocket lens. Tridymite was not observed.
Plates V-VII are photomicrographs of thin sections of the Willow
Creek rhyolite showing these coarsely crystalline lenses. Plate V
shows two lenses with the normal groundmass between; Plate VI, 4,
shows in detail one of the lenses and the normal groundmass on both

s
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sides; Plate VI, B, shows between crossed nicols the same area as
Plate VI, A; Plate VII shows a part of one of the broader lenses.
Some of the very broad lenses do not show an interior quartz band,
but its place is taken by irregular areas of quartz grains which are
scattered through these lenses, as shown on Plate VII. The ortho-
clase is in general irregularly distributed. The smaller lenses do not
show so distinct a banding, and some of the narrower streaks are
mere strings of crystals. In some specimens these coarsely crys-
talline lenses are spherulitic in crystalhzatlon or micrographic, with

little if any concentration of quartz in the central part. These lenses -

are less clouded than the main groundmass, as the ferritic material is
collected in small grains and shreds which are in part black and
opaque, in part reddish brown and translucent. In addition there
are a few minute colorless grains with a rather high index of refraction
and without perceptible birefringence. The orthoclase is somewhat
clouded, but the quartz is clear except for scattered streaks and
irregular areas that carry abundant minute gas or liquid inclusions.
No liquid inclusions with gas bubbles were found. Phenocrysts of
orthoclase and plagioclase are present in some of the larger lenses.
These lenses, which differ from the main body of the flow in their,
more porous character, coarser crystallization, euhedral form of the

orthoclase, and banded structure, evidently represent the result of -

magmatic segregation before the magma came to rest. Relief of
pressure due to the extrusion of the lava might have caused the
mineralizers to concentrate into rounded bodies, perhaps in part as
bubbles or aggregates of bubbles sealed in the lava, in part in solu-
tion in the magma; as the viscous lava flowed these bodies were
drawn out into their present forms. The presence of the mineral-
izers held back the crystallization of these streaks until after the
main body had solidified; it also caused the coarser crystallization,
the concentration of the quartz in the center, and the presence of
the gas cavities. On account of the coarseness of the crystallization,
the euhedral development of the orthoclase, and the concentration
of the orthoclase ‘on the walls, the writers believe that these streaks
were not highly viscous at the time of their crystallization. The
crystallization of the lava and especially of the coarser lenses is
believed to have depended more on the loss of the mineralizers than
on the cooling of the magma. These mineralizers, released during
the crystallization of the magma, may have caused the kaolinization
of the plagioclase, which is almost universal and does not appear to
‘be due to weathering.

These streaks show considerable resemblance to some veins of
adularia. The concentration of orthoclase on the borders and the
interlocking of the quartz grains are characteristic of both. However,
the form of the orthoclase in the veins is rhomboidal, whereas in the
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streaks of the rhyolite it is characteristically prismatic. The streaks
also show a resemblance to the small, irregular pegmatitic bodies
which are common in some granites.

CHEMICAL .COMPOSITION.

Three chemical analyses of this rock, made by W. C. Wheeler in
the laboratory of the United States Geological Survey, are given

below.
Chemical analyses of the Willow Creek rhyolite.

12.87 11.30 11.37
88 .52 31
64 .34 36
56 .02 14
07 .23 30
63 2.81 1.38
8.92 6.77 7.28

HiO+. ..

1. Typical flufdal rhyolite from Solomon adit.
2, Typical fluidal rhyolite.
3. Typical fluidal rhyolite from Bachelor shaft, Nelson adit, about 30 feet from vein.
The norms of these analyses, calculated in accordance with the
quantitative system of Cross, Iddings, Pirsson, and Washington,® are

as follows:
Norms of Willow Creek rhyolite.

°
1 2 3 1 2 3
34.7 34.8 40.1 || Wollastonite....: 0.5 |ceuunnnn
2.0 ...... 1.5 || Diopside...... B PO
52.8 40.0 43.4 (| Pyrite..... P P .5 0.6
'5.2 20.4 -12.0 || Magnetite.......... L4, .5
I 3 PO, 1.4 || Ilmenite. .......... .3 .3 .3
. 5 1.4 .7 1.2'
t
NasSiOs.... [ PO, 99.8 99.7 100.5

The rock represented by analysis 1 falls in Class I, order 3 near
order 4, rang 1, and subrang 1—I.’4.1.1(2)—and is letachose.
Chemically this rock is remarkable for its high silica and potash,
low soda, and very low lime. The rock of analysis 2 falls in Class I,
order 4 near order 3, rang 1, and subrang 2—I.(3)4.1.2(3)—and is
an omeose. It differs from No. 1 chiefly in the greater amount of
soda; it is remarkable that the BaO in this rock exceeds the CaO;
this may be due to the presence of a small amount of secondary
barite. The rock of analysis 3 is a magdeburgose (I1.3'/.1.2) and is
higher in silica than the other two, but is otherwise intermediate
between them. In all three rocks the norm differs from the mode

8 Quantitative classification of igneous rocks, Chicago and London, 1903.
105719—23——38
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chiefly in the absence of corundum in the mode and the presence of
biotite instead of pyroxene. '
The analyses differ somewhat more than would be expected from
specimens collected from the same flow. Analysis 1 shows lower
silica and especially lower soda and higher potash. This may not
represent an original difference in the rocks but may indicate that
the rock represented by analysis 1 has had its plagioclase altered
to kaolinite. The considerable amount of water shown in the
analyses and the presence of corundum in the norms bear out this
suggestion. It is possible also that adularia has been added.

STRUCTURE.

The strike and dip of the fluidal banding of the rock varies from
place to place in an irregular manner. The dip is commonly steep,
and so far as could be observed this is not due to tilting subsequent
to the extravasation of the lava but to the irregular flow of a viscous
magma probably over an uneven surface. A nearly vertical sheeting
due to crushing or perhaps in part to shrinkage on cooling is commonly
present, and locally it is close spaced and prominent. Where two
or more such systems of sheeting are developed the rock breaks into
rude columns or pencils. Plate X, B, shows the details of a typical
outcrop; it pictures the cliffs about the Monte Carlo mine, on the
southeast slope of Campbell Mountain. The broken chﬁs above

the talus are about 1,000 feet high.

WEATHERING AND ALTERATION.

The weathering of this rock has been largely mechanical and due
to frost action and differential expansion caused by changes in
temperature, which are rather extreme in this high altitude. Gravity
has also been an important factor, and rock slides of various sizes
are very common. The prominent fluidal structure and the sheeting
have greatly influenced the breaking down of the rock. Soil is
scant, and great piles of small rock fragments, made up largely of
small plates of nearly fresh roek, are characteristic at the base of the
cliffs. The gentler slopes of the highlands show a scant soil with
abundant fragments of nearly fresh rock scattered through it.

Near the mineral veins or other sulphide bodies the rock has
been more or less altered by the mineral solutions. In places near
the surface along the Amethyst vein there are considerable bodies of
white, kaolinized rock, probably due to leaching by acid solutions.
In addition, much of the rock, though showing no other signs of
alteration, has its phenocrysts of plagioclase altered to kaolin. The
kaolinization evidently had no relation to the zone of weathering or
to zones of mineralization and is believed to have taken place
immediately after the solidification of the lavas and before complete
cooling.
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PHOTOMICROGRAPH OF WILLOW CREEK RHYOLITE.

Cross section of two broad layers of coarsely crystalline quartz and orthoclase. The orthoclase
stands out in relief. ¢, Gas cavity. (See text.) Inclined illumination to bring out relief.
Magnified 50 diameters. Details of one of the bands are shown in Plates VI and VII.
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A. COARSELY CRYSTALLINE LAYER WITH VERY FINE TEXTURED GROUND-
MASS ON BOTH SIDES.

The orthoclase crystals (0) stand out in relief against the quartz (¢). ¢, Hole in section.
Shows change in crystallization from border to center. (See text.) Magnified 100
diameters. Inclined illumination to bring out relief.

B. AREA SHOWN IN 4, WITH CROSSED NICOLS.
¢, Quartz; o, orthoclase; ¢, cavity. (See text.) Magnified 100 diameters.

PHOTOMICROGRAPHS OF WILLOW CREEK RHYOLITE
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PHOTOMICROGRAPH OF WILLOW CREEK RHYOLITE.

Section across part of one of the broad layers of coarse crystallization. The orthoclase crystals
(0) stand out in relief against the quartz (¢). ¢, Cavity. The contact with the very finely
crystalline groundmass is shown in the lower right-hand corner. (See text.) Magnified 100
diameters. Inclined illumination to bring out relief. .



U. S. GEOLOGICAL SURVEY BULLETIN 718 PLATE VIII

A. EQUITY FAULT.

B, WILLOW CREEK CANYON ABOVE CREEDE.



U. S. GEOLOGICAL SURVEY BULLETIN 718 PLATE IX

CLIFFS OF WILLOW CREEK RHYOLITE NEAR FORKS OF WILLOW CREEK.



U. S. GEOLOGICAL SURVEY BULLETIN 718 PLATE X

B. SHEETING OF WILLOW CREEK RHYOLITE.
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TOPOGRAPHY AND SCENERY.

The rock commonly crops out in jagged and more or less broken
cliffs with great talus heaps at their bases. Of all the rocks in the
area it is exceeded in hardness and resistance to weathering only by
the latite of MacKenzie Mountain, and most of the rugged topog-
raphy and deep canyons about Creede are in this rock. Wherever
the streams have cut deeply into it they have sharp canyons or gorges
with steep, rugged walls and broken cliffs for 1,000 feet or more.
The uniformity of the material does not lead to the development of
benches. Plates VIII, B, IX, and X show characteristic outcrops of
this rock. Plates IX and X, 4, are reproductions of photographs
looking up the creek from a point a few hundred yards below the
forks of Willow Creek. The cliffs are all of the Willow Creek rhyolite;
that in the center between the forks of Willow Creek is about 1,500
feet high. The talus slopes at the bases of the cliffs are at about the
top of the Willow Creek rhyolite, and the timbered slopes on the
right, above the shoulder, show the characteristic topography of the
Campbell Mountain rhyolite. Plate X, B, shows a more detailed
view of these cliffs. It was taken from a point about 500 feet below
the Mollie S. mine and shows the cliffs on the west side of East Willow
Creek. These cliffs are about 1,500 feet high. The Monte Carlo
mine building is indistinctly shown near the top of the eliffs to the
right of the center. Plate VIII, B, shows the canyon of Willow
Creek above Creede, which is cut in this rock. These rugged out-
crops are especially well developed on both forks of Willow Creek
and in Dry Gulch. On Miners Creek they are nearly as characteristic.

CAMPBELL: MOUNTAIN RHYOLITE.
GENERAL CHARACTER AND DISTRIBUTION.:

Overlying the Willow Creek rhyolite rather irregularly is a rhyolite
Jlow breccia which is here called the Campbell Mountain rhyolite.
In most places no evidence was seen of more than one flow, but on
East Willow Creek two flows of this type are separated by a few hun-
dred feet of the Phoenix Park quartz latite. The Campbell Mountain
rhyolite is present on both sides of Miners Creek, in the lower part
of the Rat Creek drainage basin and northeast of Monon Hill. - It was
also found in Windy Gulch just south of Bachelor. Several isolated
outcrops, partly bounded by faults, are present on both sides of
Willow Creek, a short distance above Creede. It caps parts of Mam-
moth Mountain. A narrow band extends from the ridge north of
Mammoth Mountain in a northwesterly direction, crosses East Willow
Creek at Phoenix Park, and continues southwestward to Campbell
Mountain. Just'northwest of this locality the Campbell Mountain
rhyolite is cut out for a short distance by the Mammoth Mountain
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rhyolite, but it reappears as a thicker member on Nelson Creek and
to the northwest. It has been recognized on both sides of the Equity
fault. It is not exposed to the west of West Willow Creek except
near its mouth, but in the underground workings along the Amethyst
vein this rhyolite forms the hanging wall. The details of its distri-
bution in the Creede area are shown on Plate II. To the west of
this area it is well developed in the drainage basin of Shallow Creek
but is not present south of Bristol Head. It has been recognized
~as far east as Wagonwheel Gap and as far north as Bondholder,
on Spring Creek. It has not been recognized south of the Creede
area.

About a quarter of a mile a few degrees south of east of the Captive
Inca shaft, in a great landslide area at the face of a short tunnel,
is an exposure, believed to be in place, of a somewhat altered rhyolite
flow breccia or tuff which probably belongs to this rhyolite, although
it has more of the appearance of some of the rocks of the Windy
Gulch rhyolite breccia. The Windy Gulch rhyolite is not known to
occur in this part of the area and if the exposure does not belong
to the Campbell Mountain rhyolite it is probably a part of the over-
lying tuff and if so may be a large block of slide rock.

The Campbell Mountain rhyolite varies greatly in thickness, for
three reasons—it flowed over a rather uneven surface of the under-
lying rhyolite; in most places erosion had cut deeply into it before
the overlying rocks of the Piedra group were extruded; it thins out
and the flows wedge out between flows of the Phoenix Park latite
in the northéast corner of the area. The maximum thickness is
shown south of Nelson Mountain, where nearly 1,000 feet is present
and originally it was probably thicker as the top is a surface of ero-
sion.* Less than a mile to the south it is entirely eroded, and the rocks
of the Piedra group rest directly on the Willow Creek rhyolite.
To the west of the Creede area, on Shallow Creek, the thickness is
probably even greater; although a few miles farther west, south of
Bristol Head, this flow wedges out and the Alboroto group is made up
entirely of quartz latite.

CONTACTS.

The basal contact of the Campbell Mountain rhyolite with the
Willow Creek rhyolite, where observed, is commonly sharp and shows
evidence of some erosion preceding the extrusion. West of Willow
Creek, above Creede, at the Exchequer mine, the contact is well ex-
posed, especially in the mine workings. It dips steeply to the west.
The two rhyolites, each in typical development, show a sharp con-
tact and are closely adherent. The Campbell Mountain rhyolite
has plucked off numerous blocks from the underlyihg Willow Creek
rhyolite and carries them as angular inclusions as much as 1 foot
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across. The Campbell Mountain rhyolite at the contact is not no-
ticeably different from the normal rock except for the presence of the
numerous rather large included blocks of the underlying Willow Creek
rhyolite, and these extend for only a few feet from the contact.
At other places the two rocks appear to grade into each other, and
even with continuous exposures there is as much as 100 feet of rock
of intermediate character between the two typical rocks, as is well
shown on the east side of East Willow Creek about half a mile above
the Ridge mine. Along Miners and Rat creeks also some difficulty
was experienced in locating the contact, partly on account of the lack
of a sharp contact and distinctive character in the two rhyohtes and
partly on account of poor exposures.

The upper contact of the Campbell Mountain rhyolite is everywhere
sharp, but some of the overlying rocks so closely resemble it that the
separation was somewhat difficult.

PETROGRAPHY.

Megascopic features.—The Campbell Mountain rhyolite is commonly
reddish brown or drab ® and has a rather dull luster, a delicate, indis-
tinct fluidal texture, and a characteristic mottled or spotted appear-
ance due to inclusions of lighter and darker shade. It is generally
porous, with pores less than 1 millimeter across; the larger ones are
lined with drusy crystals of quartz and feldspar or are partly filled
with a network of minute crystals arranged in strings like rock candy.
The inclusions are in part angular fragments of a somewhat darker
quartz latite similar to the Outlet Tunnel quartz latite; few of them
are 1 centimeter across, and nearly all are much altered. Fragments
of the underlying Willow Creek rhyolite are abundant only near the
contact with that formation; fragments of andesite and other rocks
are present here and there. Even more abundant and characteristic
are the rounded to angular fragments of rhyolite, which differ from
the host chiefly in their more porous character, slightly paler color,
and coarser crystallization. Some of them have irregular serrated
outlines; some are flattened parallel to the flow structure or rudely
lenticular. They are commonly very ragged and as seen in the speci-
mens fray out at their ends. They are believed to represent, in part
at least, products of magmatic segregation not very different from
the lighter lenses in the Willow Creek rhyolite, but they may represent
fragments of the magma which had already crystallized and were
torn from the sides of the vent by the viscous lava. The inclusions
of both kinds are commonly bordered by narrow bands of somewhat
paler tint than the main rhyolite mass.

» Ridgway’s livid brown (1'"’), purple-drab (1'’""), light purple-drab (1/"'b), cinnamon-drab (13'""),
or light Quaker drab (1/''b).



28 GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

A rock of somewhat different appearance is prominent in the body
south of Nelson Mountain and is also present near Sunnyside and in
other places. This rock is light gray to white!® and has a delicate
flow structure. It carries numerous included flat, splinter-like frag-
ments of a white, rather porous rhyolite, in addition to some of
quartz latite and the Willow Creek rhyolite; in most of these frag-
ments the maximum diameter is parallel to the flow structure. It
differs from the drab type chiefly in its color, but it also has a more
prominent fluidal structure and somewhat more conspicuous and
abundant included fragments, which are commonly porous. It is
not believed to be a distinct flow, but rather the top or other part of
one or more flows of the normal rock. It is everywhere closely asso-
ciated with the normal rock, and south of Nelson Mountain it makes
up most of the upper part of the body, although it is not confined to
any particular horizon. In places rocks transitional between this
and the normal rock were found. Locally leaching of the typical
rock has given rise to a rock similar to the gray type, and much of
this type may have been thus developed.

Both types show a few crystals 1 millimeter across of glassy ortho-
clase, white plagioclase, biotite, and ‘quartz in an aphanitic ground-
mass. Glassy or highly vesicular layers have not been recognized.

Microscopic features.—The thin sections show that the rocks differ
but little from those of the underlying Willow Creek rhyolite; on the
whole they have somewhat more abundant and more calcic plagio-
clase, some quartz phenocrysts, and a slightly different groundmass,
but individual sections can not be easily distinguished. They carry
scattered phenocrysts, chiefly of orthoclase, with some calcic andes-
ine, embayed quartz, and biotite, and accessory apatite, iron oxide,
and zircon. The groundmass is made up of quartz and orthoclase
and is delicately fluidal, most of it very finely crystalline to sub-
‘microscopic, with streaks and irregular patches of coarser spherulitic
or granophyric crystallization. The blotches so prominent in the
hand specimens are sharply bounded from the host and are somewhat
coarser in crystallization but otherwise similar.

WEATHERING AND OUTCROPS.

This rock breaks up readily under the influence of weathering into

fragments that are flattened parallel to the flow banding and com-

monly several inches across; it gives poor outcrops and commonly
forms gentle slopes strewn with fragments of the underlying rock.
The rock is much less resistant than the underlying Willow Creek
rhyolite, and to this difference is due much of the variety in topog-
raphy and scenery on both sides of Willow Creek above Creede.

10 Ridgway’s gull-gray (d (8]), light gull-gray ( f [9]), pale mouse-gray (15''""/d), or white.

-
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The cliffs consist almost entirely of the Willow Creek rhyolite, and
the soft, gentle slopes above most of the benches and the flat tops of
the ridges are commonly formed from the Campbell Mountain rhyo-
lite. The marked difference between the outcrops of the two forma-
tions aids greatly in distinguishing between them, and in most places
the contact can be approximately mapped from the change in topog-
raphy. In the view shown in Plate VIII, B, the gentle talus-covered
slopes on the left of the canyon above the cliffs of Willow Creek
rhyolite consist of Campbell Mountain rhyolite, and so do the similar
slopes above the cliffs shown on the right of the canyon in Plate X, 4.
In the view shown in Plate IX, on the nose between the forks of
Willow Creek, the talus-covered, timbered slope between the two
cliffs is formed of the Campbell Mountain rhyolite, overlying the
lower cliffs of Willow Creek rhyolite and faulted on the north against
the upper cliffs of Willow Creek rhyolite. Plate X, B, shows in the
left foreground typical outcrops of the Campbell Mountain rhyolite
capping the ridge and overlying the cliffs of Willow Creek rhyolite.

DISTINCTION FROM OTHER RHEYOLITES.

Locally the Campbell Mountain rhyolite is very difficult to dis-
tinguish from the Willow Creek rhyolite; it also resembles some parts
of the Windy Gulch rhyolite breccia and the Mammoth Mountain
rhyolite. The comparison with the Willow Creek rhyolite will be
taken up in the following paragraph; comparison with the Windy
Gulch and Mammoth Mountain rhyolites will be left until they have
been described.

The normal drab flow breccia of the Campbell Mountaln rhyolite
is easily distinguished from any part of the Willow Creek rhyolite.
Moreover, the normal fluidal, banded Willow Creek rhyolite, as
exposed above Creede, is distinct from any part of the Campbell
Mountain rhyolite, yet some less typical kinds of what is believed to
be the gray rock of the Campbell Mountain rhyolite can not with
certainty be distinguished from some of the finely fluidal parts of the
Willow Creek rhyolite. In the drainage basins of both forks of
Willow Creek, except near Phoenix Park, the two rocks are easily
distinguished, and in places at least the contacts are sharp. How-
ever, in some places near Phoenix Park as much as 100 feet of rock of
doubtful character was found between the typical Campbell Mountain
rhyolite and the typical Willow Creek rhyolite, and there appears to
be a gradation between them. In the drainage basins of Rat and
Miners creeks there is considerably more rock whose position is
uncertain, and the boundary between the two rhyolites could not be
followed preclsely It is believed that a flow of delicately fluidal
rhyolite carrying a few included fragments lies between the normal
coarsely fluidal Willow Creek rhyolite and the typical Campbell



30 GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

Mountain rhyolite. On the map this flow has been included in the
Willow Creek rhyolite, which it most resembles. However, poor
exposures, alteration, and a variability in the two rocks, which in
some places closely resemble each other, have made the mapping
unsatisfactory in places. In general the Campbell Mountain rhyolite
is a flow breccia with abundant included fragments and a faintly
developed flow structure, whereas the Willow Creek rhyolite carries
few inclusions and has a prominent and commonly coarse fluidal
texture. ,
PHOENIX PARK QUARTZ LATITE.

GENERAL CHARACTER AND DISTRIBUTION.

The Phoenix Park quartz latite is made up of lava flows and tuff-
breccias of a fairly uniform rock; it receives its name from its develop-
ment about Phoenix Park. It is well developed north of the area
shown on Plate II, where it is made up largely of great lava flows, but
within the mapped area it consists chiefly of breccia and tuff, with
massive flow rock in smaller, less continuous bodies. The breccia
is chaotic, shows little bedding or sorting, and consists mainly of
rounded or subangular fragments, many of them several feet across.
They are nearly all of quartz latite similar to that of the flows. Fine
tuffs are only exceptionally present.

This quartz latite was found only in the upper part of the East

Willow Creek valley. The main body overlies a fairly regular surface
of the Campbell Mountain rhyolite and is overlain irregularly by the
Mammoth Mountain rhyolite. Another body of similar rock occurs
as a lens between flows of the Campbell Mountain rhyolite. It is
‘believed that here there was an interbedding of the two ‘types of
material. This type of rock makes up the greater part of the Albo-
" roto group for many miles about Creede.

This rock wedges out to the south and thickens rapidly to the north.

The maximum thickness within the Creede area is about 500 feet, but

a few miles to the north it is very much thicker.
PETROGRAPHY.

Megascopic features.—In color the rocks are commonly red-brown
to pale reddish drab.®* They are quartz latites and carry rather
abundant visible crystals, about a millimeter in cross section, of
white striated plagioclase and glassy orthoclase in about equal
amounts, less of glassy quartz, hexagonal plates of black biotite, and
prisms of black hornblende and a few of pale-yellow, lustrous titanite.
These crystals are embedded in a rather dense to highly porous
aphanitic groundmass. For a few feet at the base of some flows the

u Ridgway’s purplish or brownish vinaceous (1’d to 5”’d) to light purple-drab (1’d) or light
vinaceous drab (5'"’'D), deepening to livid brown (1’”’) or dark purple-d:ab (1) or becoming as light
as pallid vinaceous drab (5"'f),

o
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phenocrysts are embedded in a black glass. Many of the rocks carry
inclusions of latite of somewhat different color and texture and also of
rhyolite, andesite, quartzite, and granular rocks.

In addition to the quartz latites there are a few thin irregular flows
of a pale purplish vinaceous * rhyolite flow breccia which are char-
acterized by abundant inclusions of fibrous pumice. A few crystals
of glassy orthoclase and biotite are present in a rather porous, apha-
nitic groundmass. This rhyolite is very similar to that characteristic
of the Windy Gulch rhyolite breccia. .

Microscopic features.—The microscopic study shows that the
quartz latites are porphyritic, and that phenocrysts make up nearly
half of the rock. These phenocrysts, which range in cross section
from 2 millimeters to a fraction of a millimeter and are somewhat
broken, include plagioclase, quartz, orthoclase, biotite, hornblende,
and titanite, with accessory iron ore, apatite, and zircon. The
plagioclase is in well-formed, nearly equant crystals; they are zoned
and range from andesine to labradorite, averaging andesine-labrado-
rite. The hornblende is a deep-brown variety in some sections,
light green in others, and rather dark olive-green in still others;
although commonly nearly as abundant as biotite, it was not found
in some of the sections. Titanite occurs in crystals 1 millimeter
across and is nearly as abundant as the hornblende. The ground-
mass is very fine textured and in part spherulitic, in part indistinctly
polarizing, and is rhyolitic in character. It is made up mostly of
orthoclase but carries a little quartz and probably a very little tridy-
mjte in some parts. It is clouded and in addition is dusted with
minute inclusions, probably of hematite. The rocks are commonly
fresh, but some are altered, probably by hydrothermal agents, and
show secondary calcite, sericite, chlorite, and sulphides.

OUTCROPS AND WEATHERING.

The breccia beds are rather easily broken down by weathering,
‘and on the whole the Phoenix Park quartz latite is somewhat less
resistant than the overlying and underlying formations. Many of
the outcrops are rather poor and are more or less covered with talus
or glacial material. North of Phoenix Park flows make up most of
the rock and the outcrops are better. To the north of the area
mapped, where great flows make up most of this formation, the out-
crops are much better, and the very rugged mountain and canyons
about San Luis Peak have been carved out of these flows. Weather-
ing is due chiefly to mechanical agencies, and in many places the rock
breaks up into a crumbly, sandy mass, although the minerals are
still comparatively fresh. Much of the area occupied by this rock
has been glaciated.

12 Ridgway’s 1'"'f.
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EQUITY QUARTZ LATITE.
GENERAL CHARACTER AND OCCURRENCE.

The Equity quartz latite, which is made up entirely of massive
rock and in large part, at least, of a single great flow, is named from
its” prominent development near the Equity mine. It overlies
rather regularly the Campbell Mountain rhyolite and therefore
occupies about the same position in the section as the Phoenix Park |
quartz latite, from which it differs chiefly in its more massive char-
acter but also slightly in its composition, which is somewhat nearer
that of a rhyolite. The two latites have not been found in contact,
but they are believed to be very closely related and to represent
different phases of the same period of eruptive activity.

This rock was found in the upper part of the West Willow Creek
basin from upper Deerhorn Creek to and above the Equity mine.
It caps the high ridge north of the Equity fault. Just south of the

- Equity fault it has a thickness of about 1,000 feet,, with an erosion

surface at the top.
CONTACTS.

The contacts of this flow are nearly everywhere covered with
talus, slide, or other débris, and their mapping is not accurate., On
the crest of the ridge east of the Equity mine and north of the fault
the base is well exposed; here the flow overlies the Campbell Mountain
rhyolite rather regularly. Just south of the Equity fault the base
is mapped only approximately, as talus and slide completely cover
this area. The lowest exposures, which are about 200 feet above
the bed of the creek, are the Equity quartz latite; the first exposure
in the Equity tunnel is the Campbell Mountain rhyolite; otherwise
the mapping of this contact is based on the topography. On the
west side of the creek, only a few feet above the creek bed, are good
exposures of this latite. North of the Equity mine the trench of the
creek is in latite, but the slopes to the east of the flat are in rhyolite,
believed to be the Willow Creek rhyolite; there must be a fault
between the two. The Western boundary of the mapped body is
also believed to be a fault although it is in an area lacking in expo-

sures. . . ’
PETROGRAPHY. :

Megascopic features.—The fresh rock is commonly light Quaker
dreb® The hand specimen shows rather abundant crystals of white
plagioclase and some of quartz, glassy orthoclase, and biotite in a
groundmass which is fairly dense and shows inconspicuous delicate
fluidal texture. In addition a few of the rocks show bodies of a pale

1B Ridgway’s light Quaker drab (1'’’b) to pale purplish gray (67///d), less commonly light olive-gray
(23'""'d), light mouse-gray (15’''*b), dawn-gray (35’/"/d), or tints or shades of any of these colors.
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olive-gray color* as much as 5 millimeters wide and a few centimeters
long, with a rudely lenticular form but much serrated in detail. They
are of coarser crystallization but are not perceptibly porous. The
rock is everywhere somewhat altered; the plagioclase and dark
minerals are commonly largely replaced by calcite, chlorite, and
sulphides. The base of the flow where exposed shows a few feet of
dark glass, in which are embedded the usual crystals.

On the upper parts of the ridge included on the map in the Equity
quartz latite is a rock which more closely resembles the Phoenix Park
-quartz latite. In color!® it is somewhat brighter than the lower part
and represents an overlying flow. They are dense fresh rocks with
abundant 2-millimeter crystals of white plagioclase and a smaller
number of glassy orthoclase, quartz, biotite, green augite, and black
hornblende. }

Microscopic features.—An examination of thin sections showed
that in texture the rock is porphyritic and that the phenocrysts
mnearly equal the groundmass in amount. These phenocrysts are 3
millimeters in maximum diameter and comprise plagioclase, ortho-
-clase, quartz, and biotite, with accessory zircon, magnetite, titanite,
and apatite. The plagioclase crystals range from andesine to sodic
labradorite, averaging calcic andesine; they are commonly largely
altered to calcite, less commonly to sericite. Some of the larger
.crystals carry inclusions of small biotite plates and of the accessories.
‘The biotite has been much resorbed by the magma, leaving grains of
iron ore along the border; it is also commonly altered to chlorite.
‘Originally there was probably a considerable amount of augite or
hornblende present, but it is now completely replaced by calcite and
«chlorite. Secondary calcite, epidote, and chlorite are rather abun-
-dant in all the sections. ,

The larger part of the groundmass is very finely crystalline to sub-
‘microscopic and is rhyolitic in character; it is clouded from sub-
‘microscopic inclusions and in addition is dusted with minute brownish
trichites. It has a well-developed wavy fluidal texture. Very
irregular streaks of the groundmass are made up of a coarser aggre-
gate of quartz and orthoclase in grains or patchy micrographic inter-
growths. These areas are irregular in texture and are clear except
for scattered trichites of opacite.

The rocks of the upper slopes on both sides of West Willow and
Deerhorn creeks differ from those described above in containing more
plagioclase and less quartz and orthoclase; the original biotite is
:almost completely resorbed, grains of augite are fairly abundant, and
ppartly resorbed prisms of brown or green hornblende are present; the
-groundmass is mainly spherulitic.

1 Ridgway’s 23" f.
15 Ridgway’s light purple-drab (1"/’b) to light vinaceous drab (5’*’b), rarely cinnamon-drab (13/"’).
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WEATHERING AND OUTCROPS.

The Equity quartz latite is probably even more resistant to weather-
ing than the Willow Creek rhyolite, but as it occurs only in the upper
glaciated parts of the stream valleys, where canyon cutting is not
prominent, it forms no cliffs or canyons compalable to those of the.
Willow Creek rhyolite near Creede.

Near the Equity mine, where a fault separates this quartz latite
from the underlying Willow Creek and Campbell Mountain rhyolites,
there is a rather striking difference between the outcrops on the two:
sides of the fault, as shown in Plate VIII, A. The Equity quartz
latite shows rather rugged outcrops, with jagged, broken cliffs; the-
rhyolites form steep but smooth talus-covered slopes. Here the:
Willow Creek rhyolite is less resistant than to the south and does not
differ greatly from the Campbell Mountain rhyolite. It yields a
scant soil and at the bases of the broken cliffs forms great accumula--
tions of slide and talus. The physical agencies change in temperature-
and gravity have been most effective in the breaking down of the
rock.



CuapTER IV.—ROCKS OF THE PIEDRA GROUP.
GENERAL FEATURES.

The rocks which are here included in the Piedra group are separated
from both the underlying Alboroto group and the overlying Creede
formation and Fisher quartz latite by surfaces of marked irregularity.

“Both these surfaces are due to erosion during periods of compara-
tively little igneous activity. The irregular character of these sur-
faces is not local but has been recognized throughout the eastern part
of the San Juan Mountains.

The rocks of this group are chiefly rhyolites and quartz latites,
but at about the middle of the group there is a considerable though
variable thickness of andesite. The rocks beneath the andesite are
chiefly biotite rhyolites and latites; those above are closely related
to one another and are hornblende-quartz latites. These hornblende-
quartz latites are separated from the underlying flows by a somewhat
irregular surface of erosion. Locally the base of the tridymite latite,
which is immediately beneath the andesite, is also very irregular.
These erosional surfaces do not appear to have been so extensive or
so irregular as those at the top and base of the Piedra group.

The rocks underlying the erosional surface at the base of the quartz
latites in the western part of the Creede area differ greatly from those
occupying the same position in the eastern part, and this difference
in the succession of flows and tuff beds for different parts of the area,
together with the lack of continuity of the formations through erosion,
cover, or lack of deposition, has made the correlations and separa-
tions difficult and some of them uncertain. In the western part of .
the area the lowest formation of this group is a hornblende-quartz
latite made up of a chaotic aggregate of thin flows and breccia de-
posits. It is overlain by the Windy Gulch rhyolite breccia, a series
of tuff and flow breccias. This is in turn succeeded by a thick flow
of tridymite latite, which is succeeded by the andesite. In the upper
part of the West Willow Creek basin are poor exposures of a quartz
latite which differs considerably from the tridymite latite but occu-
pies about the same horizon, as it immediately underlies the andesite.
In the eastern part of the area the lowest formation of the Piedra
group is a great flow of the Mammoth Mountain rhyolite, a flow
breccia. It is overlain by a rhyolite tuff with associated thin flows
of rhyolite, and these are in turn overlain by the tridymite latite.
The andesite is absent.

To the east of West Willow Creek above the mouth of Deerhorn
Creek the section is still somewhat different, but exposures are too

35



36  GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

. poor for a positive determination of the relations existing between
the rocks of this area. The tridymite latite appears to be the lowest
rock exposed. ' It is overlain by 50 feet or so of an andesite which is
believed to be the same as the andesite that caps Bulldog Mountain.
This is overlain by about 100 feet of thin-bedded rhyolite tuff, which
probably corresponds to the tuff that overlies the andesite to the west.
This in turn is succeeded, at least on the slopes, by a rhyolite which
has not been recognized elsewhere in the area and which is an un-
usually thick flow in the quartz latite tuff. Several hundred feet of
chaotic tuff-breccia overlies this flow.

The quartz latites that overlie the andesites, or, in their absence,
the tridymite latite or one of the older formations, are very similar
to the Phoenix Park quartz latite. The lowest formation of these,
the quartz latite tuff, is made up mostly of tuff but has some thin
flows. Over this tuff is the Rat Creek quartz latite, which is made
up mostly of flows with some tuff; the upper formation is a mesa-
forming flow of quartz latite about 200 feet thick, the Nelson Moun-
tain quartz latite. _

The thickness of the Piedra group, as might be expected from a
series of igneous rocks with irregular surfaces at both the top and
bottom and within it, varies greatly from place to place. Within the
Creede area it is probably greatest east of Rat Creek, where it is over

2,000 feet.
' HORNBLENDE-QUARTZ LATITE.

GENERAL CHARACTER AND DISTRIBUTION.

In the western part of the quadrangle the lowest mapped formation
included in the Piedra group is a rather chaotic aggregate of small
irregular flows and clastic material. The rocks vary considerably in
character but are chiefly quartz latites with conspicuous hornblende,
and the whole mass is therefore called a hornblende-quartz latite,
although hornblende andesite is common and rhyolite is present.
This rock occurs on the small hill just northeast of Monon Hill. A
more extensive and continuous but thin layer extends westward
nearly on the contours from a point southwest of Bulldog Mountain
to the fault near the Kreutzer mine. West of the fault it is nearly
1,000 feet higher on the slopes and continues westward into the basin
of Shallow Creek but has not been found farther west and appears

to be.a very local body.
. THICKNESS.

" As this latite overlies the rocks of the Alboroto group irregularly,
and as its top is fairly regular, its thickness varies considerably.
Within the Creede area it is probably nowhere over 200 feet, but higher
up Miners Creek and on Shallow Creek it is considerably thicker.



ROCKS OF THE PIEDRA GROUP. 37

PETROGRAPHY.

Megascopic features—In color the rocks vary considerably; the
greater part are drabs.’® Most of the fresh rocks are rather dense,
and nearly all show a more or less prominent fluidal structure.
Hornblende, which is the most abundant dark mineral, is conspicuous
from its lustrous black cleavage faces; biotite in the usual black
flexible flakes is commonly almost as abundant; and green pyroxene
can rarely be seen with a pocket lens. White plagioclase crystals
* are abundant, and in some of the rocks many of the crystals are
several millimeters across. Colorless orthoclase is considerably less
abundant and in many of the rocks is lacking; large dull orthoclase
crystals several centimeters across are sparsely present in some of
the rocks; quartz in visible crystals is rare. The groundmass, which
is about equal in amount to the phenocrysts and is holocrystalline,
can not be resolved with a pocket lens, but in most of the rocks it has
the appearance of a rhyolite; in a few it looks like an andesite. At
the bases of some of the flows there is a few feet of black obsidian
carrying the usual phenocrysts. On the whole the rocks are not
very different from some of the quartz latites of the Alboroto group,
especially the OQutlet Tunnel quartz latite.

Microscopic features.—The study of thin sections showed that the
greater part of the rocks are quartz latites. The hornblende is brown
.or less commonly green; both varieties are present in distinct crystals
1n some thin sections. It has usually been considerably resorbed by
the magma; the biotite has been resorbed to a less extent. The
plagioclase is andesine or andesine-labradorite with a more sodic
border. The accessory minerals are pleochroic apatite, magnetite,
and rare titanite. The groundmass varies considerably; in some
specimens it is spherulitic, in others microfelsitic, microgranular,
micropegmatitic, or in part glassy; it is made up chiefly of quartz
and alkalic feldspar. Secondary chlorite, calcite, and kaolinite are
present.

The andesites, which are not abundant, differ from the quartz
latites chiefly in the character of their groundmass, which is made up
largely of minute laths of oligoclase feldspar with some rods and
grains of pyroxene. The phenocrysts are somewhat more abundant,
and in a few of the rocks those of feldspar are tabular. The rocks as
& whole are near the border between the quartz latites and the
andesites; those called andesites do not differ greatly from the quartz
latites, and there is a fairly continuous gradation between the two.
JIn this they differ considerably from most of the other quartz latites
of the area, which are considerably nearer the rhyolite.

18 Near Ridgway’s pale Quaker drab (1/’d) or purple-drab (1/"”’); less commonly olive-buff (21''d)
or a related color.
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Locally the rocks are greatly altered by processes other than
weathering. The plagioclase is kaolinized, the hornblende is altered
to chlorite, iron oxide, and other minerals, and the rock is bleached
to a dirty light gray or white.

WEATHERING AND OUTCROPS.

The breccia portion of this formation breaks up readily and offers
‘few outcrops; the massive rock is somewhat more resistant, but it
too is a comparatively soft rock and rarely gives good outcrops.
Within the Creede area this quartz latite is thin and has not had a
great influence on the development of the topography.

WINDY GULCH RHYOLITE BRECCIA.
GENERAL CHARACTER AND DISTRIBUTION.

A rhyolite breccia made up of light-colored rhyolite, in part an
ordinary tuff, in part a normal flow rock, but chiefly a breccia,
probably a flow breccia, lies beneath the tridymite latite in the drain-
age basin of Windy Gulch and to the west and is here called the

Windy Guleh rhyolite breccia. Its porous character and the abun-

dant fragments of pumice which it carries are characteristic.

°

It overlies a fairly regular surface of the hornblende-quartz latite ‘

in the drainage basins of Rat and Miners creeks, but to the east it
directly overlies the Campbell Mountain rhyolite. Near its base it
commonly carries very abundant inclusions of the underlying rock.
It is everywhere overlain rather irregularly by the tridymite latite.
Southeast of Bulldog Mountain it is in contact with the Creede for-
mation, which lies below it on the slopes. It forms a layer, broken
in places by faulting or by a Quaternary covering, from a point west
of MacKenzie Mountain to the Happy, Thought mine. Exposures
are very poor, and the lower contact in particular can in few places be
mapped with accuracy. The body west of MacKenzie Mountain is
poorly exposed, and its lower contact especially is uncertain. On the
east side of the Kreutzer fault the rhyolite breccia is thrown down
nearly 1,000 feet; the apparent thickness here is probably due to a
disturbance of the beds near the fault, but exposures are almost
lacking. East of the fault the rock continues to Rat Creek and is
nearly horizontal; beyond Rat Creek it rises rapidly and crosses
Windy Gulch just below Bachelor. Beyond Windy Gulch this
rhyolite breccia, aside from a small outerop just south of Bachelor,
is mapped only as a narrow band west of the Amethyst fault and
between the Last Chance and Happy Thought mines. This is in' an
area that is almost completely covered with a mantle of débris from
the slopes above and probably also of ancient wash and is almost
entirely lacking in exposures. Not many of the numerous prospect



ROCKS OF THE PIEDRA GROUP, 39

shafts can be entered, but their dumps furnish sufficient data, although
the rocks are commonly much altered, to map this area with a fair
degree of accuracy. The breccia is probably local in extent, as
outside the area mapped on Plate II it has been recognized only to
the west, as far as Shallow Creek.

This rhyolite is commonly from 100 to 200 feet thick, although
locally it is probably much thicker, as it is believed to have spread
over a surface of some relief. However, it has been faulted and con-
siderably disturbed east of Miners Creek and south of Bulldog Moun-
tain, and the greater apparent thickness in both these areas is due,
at least in part, to local tilting associated with faulting.

PETROGRAPHY.

Megascopic features.—In color this rock is commonly pale red-
brown;!” less commonly it has one of the lighter tints of gray; the
altered rock is white or gray. The luster is always chalky dull. The
rock is made up in considerable part of irregular, ragged fragments,
rarely over a few centimeters across, of pumice having a fibrous
appearance, due to the fine elongated pores. These fragments are
of somewhat lighter color than .the body of the rock; locally they
are replaced by a green claylike material or by drusy quartz. They
weather out, leaving very numerous rough cavities of various sizes.
In addition there are fewer fragments, commonly not over 1 centi-
meter across but rarely over 1 decimeter, of a variety of foreign
rocks; these are generally much altered and consist chiefly of the
Alboroto rhyolites and the hornblende-quartz latite, but a few are
other rhyolitic and andesitic rocks. The matrix is always less porous
than the pumice fragments, and in some of the rock it is fairly dense.
It carries a few 1-millimeter crystals of glassy orthoclase and a very
few of biotite. Much of the rock is believed to be a flow breccia,
although a part may represent a “mud flow” or tuff. The fragments,
which make up a large part of the rock and are similar to the matrix
except for their greater porosity, probably represent fragments that
were shot into the air and fell back into the molten magma. These
flow breccias may also represent material that was thrown from a
crater, settled about the vent while still soft, became welded together,
and flowed much as any viscous lava.

Microscopic features.—The thin sections of the rock show a few
crystals of orthoclase and a very few of plagioclase, biotite, magnet-
ite, apatite, and zircon, in a highly porous, glassy groundmass.

17 Ridgway’s purplish vinaceous (1'b) to pale purplish vinaceous (1”f), brownish vinaceous (5"''b) to
pale brownish vinaceous (5'f), pale vinaceous (1"f), pale purple-drab (17'"’d), or some closely related
color.

105719—23——4
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, WEATHERING AND OUTCROPS.

The Windy Gulch rhyolite breccia is considerably softer than the
overlying tridymite latite or even than the Campbell Mountain rhyo-
lite, which underlies it in places. It forms smooth, grass-covered or
timbered slopes, with rock outcrops only in very favorable places.
On exposuze to weathering the pumice fragments are removed and’
the rock breaks up into honeycombed fragments with considerable
interstitial fine material. Where erosion is not too rapid a soil is
formed in which are few rock fragments and these chiefly of the
latitic inclusions. o

COMPARISON WITH CAMPBELL MOUNTAIN RHYOLITE.

The typical rocks of the Campbell Mountain rhyolite and of the
Windy Gulch rhyolite breccia can readily be distinguished. They
differ considerably in color, and much of the breccia can be recog-
nized by its porosity and especially by the abundant pumice frag-
ments which it includes. However, the denser, darker-colored varie-
ties of the Windy Gulch rhyolite breccia are almost identical with
some of the lighter-colored, less dense varieties of the Campbell
Mountain rhyolite. On weathering both lose their inclusions, become
highly cavernous, and are still more difficult to distinguish. Areas
that caused especial difficulty in the mapping are on the ridge north
of the Corsair mine, on the ridge south of Bulldog Mountain, and
northeast of Monon Hill.

MAMMOTH MOUNTAIN RHYOLITE.
GENERAL CHARACTER AND DISTRIBUTION.

The Mammoth Mountain rhyolite is a single thick flow of rather
uniform character. It is confined to the northeastern part of the
Creede area and to the mountains to the-east and northeast. The
small triangular body in the upper part of Dry Gulch, east of Mam-
moth Mountain, is poorly exposed; it is probably bounded by faults.
The greatest body is north of this area and directly overlies the rocks
of the Alboroto group. A considerable body lies on the ridge between
the forks of Willow Creek. This flow has not been recognized to the
west, south, or north of the Creede area, but 1t has been followed to
the east as far as Bellows Creek.

CHARACTER OF CONTACTS AND THICKNESS. '

. The base of .this flow is very irregular, as may be seen from an
examination of Plate II. The irregularity is shown east of East
Willow Creek, where the lower contact commonly cuts sharply across
the contours, and several of these contacts were at first thought to
be faults. The flow generally overlies the Phoenix Park quartz latite
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or the Campbell Mountain rhyolite but locally rests on the Willow
Creek rhyolite. It occupies about the same position in the section
as the hornblende-quartz latite and the Windy Gulch rhyolite breccia,
to the west, but its relation to these rocks could not be determined.
Overlying the Mammoth Mountain rhyolite fairly regularly is the
rhyolite tuff or the quartz latite tuff.

East of East Willow Creek this flow attains a thickness of 1,000
feet, but the thickness diminishes rapidly to the west, and the flow
wedges out in the upper drainage basin of Nelson Creek. It isbelieved
that the lava came from the northeast or east and did not extend far
west of Campbell Mountain.

PETROGRAPHY.

Megascopic features.—In color this rock is characteristically red-
brown.'® Its luster is dull; its fracture is commonly rough and tends
to be hackly. It is a flow breccia and is decidedly mottled, though
somewhat less strikingly so than the Campbell Mountain rhyolite,
which it very closely resembles. It shows a fluidal texture only on
close examination, with very fine wavy streaks, discontinuous and
irregular. The rock is fairly dense, although cavities a millimeter or
so across are sparingly present. Much larger cavities, in part flat-
tened, are exceptional but are rather abundant locally; they are
probably confined to the base and top of the flow. They are in part
filled with keolinitic material. . At the base of the flow wherever seen
there is a few feet of black glass.

The rock contains rather abundant phenocrysts'as large as 2 milli-
meters in cross section; they make up approximately 10 per cent of
the rock. Glassy orthoclase is in slight excess over porcelain-white
plagioclase; quartz and biotite are less abundant. The groundmass
is aphanitic. The mottled appearance is due to the presence of
abundant inclusions, which are of two kinds—one distinctly foreign,
the other differing from the host chiefly in having a slightly paler
color. The former are commonly much altered and are chiefly
quartz latites similar to those of the underlying Alboroto group; less
common ones are rhyolites similar to those of the Alboroto group or
more coarsely porphyritic rhyolites or andesites. Some of them are
bounded by narrow bands of lighter or darker color. )

Microscopic features.—The thin sections show that the plagioclase
of the phenocrysts is oligoclase or andesine; zonal growths are incon-
spicuous. The biotite is slightly resorbed. Minute to submicro-
scopic particles of ferritic material give the groundmass a pinkish-
buff color ™ or a paler tint as seen in a thin section of normal thick-

18 Ridgway’s russet-vinaceous (9'"’); rarely a darker shade and very rarely a lighter tint; exceptional
specimens contain less gray; more commor ones contain more gray, as brownish drab (9''''), or more
orange, as fawn-color (13'*").

19 Ridgway’s 17"/d.



42  GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

ness. The groundmass is not markedly fluidal but shows irregular,
discontinuous wormlike streaks of slightly different color and texture.
It is largely submicroscopic in crystallization but in part is delicately
spherulitic, with the minute fibers arranged normal to the fluidal
streaks. It has the characteristics of a rhyolite groundmass and is
no doubt made up chiefly of quartz and orthoclase with some tridy-
mite. Besides the streaks mentioned above and others much larger,
some several millimeters across, the sections show irregular lenses and
streaks of colorless material. These are much more coarsely crystal-
line than the body of the groundmass and are made up of microscopic
intergrowths of quartz and orthoclase; commonly they show a con-
centration of quartz in their centers. Small rounded areas, rarely a
millimeter across, are abundant in some of the sections and are largely
confined to the coarsely crystalline areas. They are made up of a
mineral which has an index of refraction of about 1.50 and a very low
birefringence and which 'is probably a zeolite. Some of the original
cavities are filled with a fibrous or platy kaolinitic material which has
an index of refraction of 1.535 and a moderate birefringence; in some
specimens this is deposited on the spherulites mentioned above.

In addition to the inclusions of quartz latites there are common
inclusions of a rhyolite porphyry with phenocrysts of orthoclase,
plagioclase, quartz, and sphene in a fairly coarse granophyric ground-
mass. Fragments of altered andesite are rare. Other inclusions of
rhyolite differing slightly from the host but sharply bounded and
commonly having a more coarsely crystalline groundmass and paler
tint are abundant. Many of them are clearly included fragments,
but some can hardly be distinguished from the more coarsely crystal-
lized portions which are believed to have crystallized in their present
position.

WEATHERING AND OUTCROPS. -

This rhyolite is a rather resistant rock and has weathered largely
through mechanical agencies. It has no banding or regular direction
of weakness, but the weathering is influenced by the inclusions and
the irregular, streaked structure, so that the rock disintegrates into
very irregular, hackly fragments commonly about the size of a pea;
on the steeper slopes, where the loose material is carried away as

‘rapidly as it is formed, the outcropping rock is very rough and hackly.
The rock is uniform in character, structureless for 1,000 feet in thick-
ness, and more resistant than either the underlying quartz latite or
the overlying tuff. It gives rather prominent outcrops that are
rough in detail and steep, fairly regular slopes with no prominent
cliffs or benches. It is best exposed along First Fork of East Willow
Creek.
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- COMPARISON WITH CAMPBELL MOUNTAIN RHYOLITE.

The Mammoth Mountain rhyolite is easily distinguished from all
the associated rocks except the Campbell Mountain rhyolite, which
it very closely resembles.  Both rocks are flow breccias and contain. .
foreign inclusions of quartz latite and other rocks, in addition to
those differing from the host chiefly in their paler tint; both rocks
are rather dense, with few small gas cavities; both have a dull
luster; both show indistinct and poorly developed flow structure.
On the whole they differ slightly in color, but the color variation in
either one is greater than the difference between the two. The
Campbell Mountam rhyolite is commonly a little duller or more
brownish than the Mammoth Mountain rhyolite.?® The phenocrysts
are about the same in both rocks. The microscopic examination
aided but little in their distinction. In brief, the difference between
specimens of the Campbell Mountain rhyohte, especially between the
drab ‘and gray types, is much greater than that between the drab
type of the Campbell Mountain rhyolite and the typical Mammoth
Mountain rhyolite, and if a number of typical hand specimens of
each were mixed together they could not be separaf,ed except by
one who was thoroughly familiar with both rocks.” Only after a
careful study of both types and of numerous specimens from each
has the writer been able to distinguish' between the two with reason-
able assurance. .

One of the most constant and charactemstlc dlfferences between
bhe two rocks is in the weathering.. The Campbell Mountain rhyolite
weathers into flat flakes with smoothly rounded. surfaces that may
be a foot or so across; it breaks with a smooth conchoidal fracture.
The Mammoth Mountain rhyolite almost invariably weathers into
small, irregular hackly fragments, most of them less than an inch
across; its outcrops nearly everywhere show the character of the
weathering, and specimens broken from even apparently fresh rock
show an irregular, hackly fracture; only exceptionally do they show
a smooth conchoidal fracture. The difference in color, as stated
above, is not in itself conclusive but aids in distinguishing between
the two rocks. The general appearance and inclusions of the two
rocks are somewhat different. In the Mammoth Mountain rhyolite
the fragments of rhyolite similar to the host except in color are less
conspicuous, hence the rock is less prominently mottled than the
Campbell Mountain rhyolite. Inclusions of nearly white porphyritic
rhyolite are locally characteristic of the Mammoth Mountain rock.
The phenocrysts, especially those of biotite and plagioclase, are

20 According to Ridgway’s color nomenclature the Campbell Mountain rhyolite is commonly purple-
drab (1"”’) or a nearly related color, and the Mammoth Mountain rhyolite is commonly near russet-
vlnaceous @,
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somewhat more abundant in the Mammoth Mountain rhyolite, and .
the whole groundmass has a wavy, chaotic delicate flow banding.
In the thin sections a chaotic, discontinuous wormlike fluidal band-
ing is rather characteristic of some of the rocks of the Piedra group.
" The black glass at the base of the Mammoth Mountain rhyolite and
the cavernous rock which is locally present in it aid in separating it
from the underlying rhyolite. The presence between the two rocks
of a small amount of Phoenix Park quartz latite, even though riot in
sufficiently definite bodies for mapping, has aided in separating the
two.

After a careful second examination of much of the contact west of
East Willow Creek the separation has been made with more confi-
dence and accuracy than was at first believed possible. The greatest
difficulty was experienced in the area just west of Phoenix Park,
where exposures are poor and much of the rock is of doubtful char-
acter. The final mapping includes in the Mammoth Mountain rhyo-
lite some outcrops which occur just south of the small stream that
passes through Phoenix Park and which from the specimen alone
might be included in the Campbell Mountam rhyolite, although they

are not typical.
RHYOLITE TUFF.

GENERAL CHARACTER AND DISTRIBUTION.

On the upper slopes to the east of Phoenix Park and in large part
beyond the boundary of the area mapped a siliceous tuff with asso-
ciated thin flows of rhyolite rather regularly overlies the Mammoth
Mountain rhyolite and is in turn overlain regularly by the tridymite
latite. It is about 200 feet thick and has one or locally two thin
flows near its base. The main part is a sandy tuff which in places
carries scattered pebbles; it is very poorly sorted and bedded.

PETROGRAPHY.

The tuff is nearly white to pale drab and has in large part a sandy
texture. It carries very abundant glassy crystals of feldspar and
black biotite several millimeters across and a few small fragments of
a rock which contains abundant phenocrysts in a pumiceous matrix.
Larger pebbles of similar rock and of a variety of other rocks are
locally present.

A part of the material is a quartz latite tuff made up largely of
broken crystals of plagioclase with considerable orthoclase, some
quartz, biotite, green hornblende, and augite in a very fine glassy
matrix and closely resembles the quartz latlte tuff under Nelson
Mountain.

The flows are rarely over 25 feet thick, and where two are present
they are separated by a small amount of tuff. The rock of the flows
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is a rather porous light red-brown  rhyolite flow breccia with numer-
ous small fragments of pumice and rhyolite and a few of a fine-tex-
tured granitic rock. It carries scattered glassy crystals of ortho-
clase, white andesine, and black biotite with accessory apatite, zircon,
and magnetite. The groundmass is largely glass, with numerous
trichites of red hematite and some ropy streaks that are largely

crystalline.
TRIDYMITE LATITE.

GENERAL CHARACTER AND OCCURRENCE.

The tridymite latite is the most nearly uniform and distinctly
characterized rock of the Piedra group. The main flow throughout
the area studied is a banded fluidal rock with lenses or layers which
are highly porous and which are filled with minute drusy crystals of
tridymite. Near Bachelor and elsewhere a denser rock free from
tridymite forms the base of this formation and probably represents &
different flow. The tridymite latite is confined to the area west of
the Amethyst fault. The main body forms a band from the west
slopes of MacKenzie Mountain to the Happy Thought mine; it is
commonly almost horizontal but is displaced by several faults and
locally near the faults dips steeply. Small isolated bodies of the
typical rock are present about half a mile west of Sunnyside and
others north of Monon Hill; isolated bodies of less typical rock are
present on upper Rat Creek and northwest of the mouth of Deerhorn
Creek. The presence of the bodies north of Monon Hill and west of
Sunnyside can be explained only on the assumption that the tridy-
mite latite flowed over a surface of greater relief in this area than
has been recognized elsewhere. The correlation of these bodies is
based entirely on the character of the rocks, without confirmation
from the sequence of flows. Such a correlation is rarely beyond
question. In the Creede area, however, the tridymite latite is a
unique rock and has been found at only one horizon.

The details of distribution within the Creede area are shown on
Plate II. To the west of the area included on the map the upper
surface of the tridymite latite forms the great flat north of Bristol
Head; to the east it underlies the great bench called Wason Park.
A similar rock, which is probably a part of the same flow or a very
closely related flow, is present south of the Rio Grande in the drainage
basin of Trout Creek. Nearly everywhere it immediately underlies
the latite tuff, but under Bristol Head the two are separated by
andesite.

It is not present on the slopes of Nelson Mountain, although it
covers great areas both to the east and west. It was probably

91 Ridgway’s light russet-vinaceous (9''d).
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locally eroded from this area preceding the deposition of the quartz
latite tuff although it may never have covered the area where the
Nelson Mountain ridge now stands.

THICKNESS.

The thickness of this latite varies greatly and rapidly from place
to place, due chiefly to the irregularity at its base. Its greatest
thickness is about 400 feet beneath Bulldog Mountain; from this it
decreases to 50 feet west of MacKenzie Mountain.

PETROGRAPHY.

Megascopic features.—In color the rock is rather dark red-brown.?
It is characteristically banded and platy; the main part is rather
dense, but irregular streaks and lenses of a paler tint, as much as

-1 centimeter across, are decidedly porous. These are rather evenly
spaced a few centimeters apart and make up a considerable part of
the rock. The rock shows phenocrysts of white plagioclase, glassy
orthoclase, and black biotite nearly equal in amount to the ground-
mass as much as 2 millimeters across. The pores are characteris-
tically lined with minute drusy crystals of tridymite.

Microscopic features.—The microscopic examination showed that
the phenocrysts consist of orthoclase and plagioclase in nearly equal
amount, considerable biotite, and accessory apatite, magnetite, and
zircon. The plagioclase crystals have a core of andesine or andesine-
labradorite grading through two or more rather broad intermediate
zones to a narrow border of albite or oligoclase; their average com-
position is about that of andesine. They are commonly in part
altered to sericite and kaolinite. The biotite has been more or less
resorbed by the magma, with the separation of iron oxide. The
groundmass is beautifully fluidal, with wavy bands. The main part is
so finely crystalline as to be only indistinctly polarizing; it is clouded
and reddish brown in reflected light from numerous microscopic
specks of hematite. It is probably made up largely of orthoclase
but may have some tridymite. There are numerous lenses or streaks
of clear material which has a much coarser crystallization, and the
larger ones are porous. They range in width from a fraction of a
millimeter to several millimeters. They vary greatly in coarseness
of crystallization and are in part spherulitic or fibrous, in part micro-
graphic or microgranular. Orthoclase and tridymite are the chief
minerals of these-streaks. Tridymite, which is very abundant, is
present as aggregates filling rounded areas or lining the walls of the

32 Ridgway’s vinaceous brown (5"’%) or a nearly related color; the paler tints, deep brownish vinaceous
(5’””) and brownish vinaceous (5''b) are common, as are also the colors with more red, livid brown (1)
and purplish vinaceous (1"’b), and those with more gray, purple-drab (1”") and dark purple-drab (1""{);
paler tints and darker shades are exceptional.
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cavities and is evidently closely associated with the gas cavities. In
a few specimens tridymite is absent, and its place in the centers of
the coarsely crystalline bands is taken by quartz. In one specimen
from upper Rat Creek the cavities are lined with botryoidal.opal.

The origin of these coarsely crystalline porous bands is believed to
have been much the same as that of the somewhat similar bands in
thesWillow Creek rhyolite and has been discussed on pages 20-23, in
connection with the description of that rock. However, the condi-
tions were not identical, as in this flow a large part of the silica is in
the form of tridymite and the amount of space occupied by the gas
cavities is considerably greater.

TRIDYMITE, QUARTZ, AND CRISTOBALITE IN VOLCANIC ROCKS.

Themost characteristic feature of this rock is the abundance of tridy-
mite it contains. Some of the otherrocks of the Creede district also
carry considerable tridymite, and, indeed, in the whole San Juan region
of Colorado tridymite occurs in many of the rhyolites and latites, and
in a considerable number it is one of the chief constituents, forming
from one-fifth to one-third of the rock. In some rocks both quartz
and tridymite are present, quartz usually as intratelluric phenocrysts -
and tridymite in the groundmass, as one of the latest constituents to
crystallize. - Tridymite is commonly either closely associated with the
gas pores or with spherulitic and similar growths, Tridymite is also
fairly abundant in the andesitic and basaltic rocks, where it is con-
fined to the gas cavities and is commonly associated with albite and
pale-brown biotite and less commonly with needles of hornblende.
In the San Juan region tridymite is present in nearly as large a pro-
portion of the volcanic rocks as quartz, and it is also present in ne&rly
as large amount and is therefore one of the chief rock-forming min-
erals of the reglon From the writer’s observations on numerous
volcanic rocks in other parts of the western United States, trldymlte
appears to be a much more common and abundant constituent in
volcanic rocks than is generally recognized.

Cristobalite has also been observed in many of the rocks of the
San Juan region and other parts of the western United States, though
it is present in fewer rocks and is less abundant than tridymite. It
has been found in rhyolite and quartz latite but appears to be as
common in andesite and basalt. Wherever identified it is present in
small amounts in rounded spherulitic growths, which grade by orien-
tation of the spherulites into poorly formed crystals with complex
twinning. These rounded grains are perched on the walls of gas
cavities.

Of the three forms of slhca,, only quartz has been formed as intra-
telluric phenocrysts. Tridymite is confined to the groundmass and
especially to the more porous, coarsely crystalline parts of the ground-
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mass that were richer in mineralizers and that crystallized last.
Quartz is also found in this same association, and the conditions that
govern the formation of quartz or tridymite have not been deter-
mined, although a particular flow or group of related flows usually
carries either one or the other over a large area. Thus in the Creede
area the Willow Creek rhyolite carries quartz, and the tridymite
latite carries tridymite. In some flows both minerals are present,
apparently in close association. The alteration of one to the other
has nowhere béen observed. However, it is a common phenomenon
for quartz phenocrysts to be largely resorbed and tridymite to be
later deposited in the gas cavities or groundmass. As cristobalite
has been found only as scattered crystals perched on the walls of the
larger gas cavities and as in some andesitic rocks it appears to be
associated with alteration of the rock, it is probably formed at a later
stage in the crystallization, after complete solidification of the main
part of the rock. In some specimens, especially of andesitic and
basaltic rocks, tridymite also is confined to the vesicles and has much
the same relation to the normal groundmass as cristobalite, although
it is commonly much more abundant, may nearly fill the vesicles, and
is more closely associated with albite, biotite, and hornblende. On
the whole, the writer’s observations indicate that in volcanic rocks
quartz forms in the magma chamber and throughout ‘the crystal-
lization of the groundmass, tridymite in large part during the later
stages of the crystallization of the groundmass and after the solidifi-
cation of the main groundmass, and cristobalite at a somewhat later
stage. All three commonly form in the presence of abundant miner-
ahzers, but quartz may crystallize as phenocrysts and in dense rocks
in the absence of any unusual proportion of mineralizers, whereas
tridymite is nearly always accompanied by abundant mineralizers, as
is shown by its close association with biotite and gas cavities, and
cristobalite appears to require an even greater abundance of mineral-
izers, as is indicated by its sparse occurrence in relatively large gas
cavities.

It is not intended in this place to discuss in detail the chemistry of
the deposition of silica in volcanic rocks. However, the common
association of tridymite with gas cavities and biotite shows its close
association with the volatile constituents, and its association with
only small amounts of other minerals, together with the fact that it
commonly occupies about as large a volume as the gas cavities, shows
that it could hardly have been deposited from an ordinary solution of
silica in the water and other mineralizers. It seems far more likely
that in the final fluid part of the magma the silica and associated
mineralizers were in chemical combination, and that on the breaking
up of these compounds the tridymite was deposited and the volatile
constituents released, thus formmg the gas cavities. These com-
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pounds may have given the rhyolitic magmas their remarkable
fluidity and have prevented the rapid escape of the volatile con-
stituents, as the lavas spread in thin sheets over large areas. The
conditions do not seem to be very different for much of the quartz in
the groundmass, though some of it is less closely associated with gas
cavities and more closely associated with feldspar. It may easily
be that the composition of the so-called mineralizers largely deter-
mines the form in which the silica is deposited.

CHEMICAL COMPOSITION.

A specimen obtained about 100 yards northwest of the schoolhouse
at Bachelor was selected for analysis as representing the typical
tridymite-rich rock. The material was taken across the bands, so
as to represent the average of the flow. The plagioclase is slightly
kaolinized, but otherwise the rock is fresh. An analysis was made
by George Steiger in the Geological Survey laboratory”and is as

follows: : ,
Analysis of tridymite latite.

S10g. c i G7.76 | TiOgeeiivoeeeiineneninnnnnnnns 0.45
ALOg oo 16.08 | ZrOg...veeeeeeeeiaeeeenenen 02
O 2.22 | COguunaiiiaaeaii e None
FeO it P2 T I X 11
MO B I~ T 02
Ca0. i i 2.59 | MnO..iiiiiiiiiii i 04
NagOeee e o 4,06 | BaO...ooooiiiiiiiiiiiiaae 12
K,O.. 491 [ S0t 03
O = e 94

H,0+ 54 100. 55

The norm computed according to the quantltatwe classification is

as follows:
Norm of tridymate latite.

Quartz....ceeeiiiiiiiiiia.. 19.78 | Ilmenite............cccoeeeean... 0.61
Orthoclase.. ceeeeeeeiaea.... 28.91 | Titanite.......... et .39
Albite.....ooooiii il 34.06 | Apatite........oeeoiiiiiiiiiitn .34
Anorthite........oo...ooo 0.0 11.40 | HpO etCunnnneeie e 1.48
Hypersthene.........coooo.oo ... 1.00

DiOPSide. .. ..veeeeeaeeeean.. .22 100. 41
Hematite.......ooiooeenoi.. 2,22

The mode differs from the norm chiefly in the presence in the
former of tridymite instead of quartz and of biotite instead of py-
roxene.

The rock is a toscanose (1.4.2.3).

FLOW NEAR MOUTH OF DEERHORN CREEK.

On both sides of West Willow Creek just above the mouth of
Deerhorn Creek there are a few small exposures of a quartz latite that
differ somewhat from the normal tridymite latite. Similar material
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was found on the dump of the Captive Inca shaft. Itsbaseis nowhere
exposed, and the overlying rocks are but poorly exposed on the
northeast side of the creek. Itisimmediately overlain by an andesite
resembling the andesite of Bulldog Mountain and is believed to
be closely related to the tridymite latite and has been mapped as
belonging to that body.

In color the rock is near Quaker drab.?® The fresh rock shows a
rather delicate, inconspicuous, wavy fluidal banding which is more
conspicuous on the somewhat altered rock. The rock is rather dense
and shows scattered crystals, approximately 3 millimeters in cross
section, of white plagioclase and clear, glassy orthoclase and a very
few of biotite. In much of the rock the plagioclase is altered to
kaolinite and sericite.

The thin sections show that the rock contains phenocrysts of ortho-
clase and plagioclase in about equal amounts with less of biotite and
accessory inute crystals of apatite, zircon, and magnetite. The
groundmass is fluidal and is in part spherulitic, in part microfelsitic.
The rock differs from the typical tridymite latite chiefly in that it
lacks the prominent tridymite-rich lenses.

OUTCROPS, WEATHERING, AND ALTERATION.

The tridymite latite js considerably more resistant than the
Windy Gulch rhyolite breccia that commonly underlies it and is
somewhat more so than the overlying andesite. It is commonly
traversed by a system of vertical joints, and these, together with the
horizontal fluidal structure, determine its mode of weathering. It
breaks into small plates or irregular fragments, with litite chemical
decomposition. It is a cliff-forming member, and as it is underlain
by a comparatively weak rock several large landslides, notably the
one west of Bulldog Mountain, have broken from its cliffs.

The mesa and prominent bordermg cliff against the snow-covered
mountain in the background shown on the right of Plate IV, B
(p. 3), are formed by this flow.

It is bleached and silicified near the Amethyst vein, although the
orthoclase crystals are still fresh. Nearly everywhere the plagioclase
crystals show some alteration to kaolinite or less commonly to sericite,
and locally they are completely gone, although the remainder of
the rock shows no alteration. This alteration probably took place
after the crystallization but before the cooling of the magma and
was probably caused by the gases that occupied the pores in the
lava.

# Ridgway’s Quaker dmb (1"""), light Quaker drab (1'"'), or light purple-drab (1""'b).
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ANDESITE.
GENERAL CHARACTER AND DISTRIBUTION.

Andesites and related rocks occupy only a very small part of the
‘Creede area. The only large mass of rock of this character overlies
the tridymite latite and underlies the quartz latite tuff. This massis
made up of a considerable numbper of thin flows with a somewhat
smaller amount of intercalated breccia. The rocksvary considerably
and include biotite-augite-quartz latites, biotite-hornblende andesites,
-augite andesites, and olivine andesites. Normal basalts have not
‘been recognized.

The largest area occupied by these rocks is on .Bulldog Mountain
.and the ridge to the north. In the uppey Rat Creek basin are two
-small outcrops, and west of Rat Creek a narrow band of this andesite
-occurs above the tridymite latite. Along West Willow Creek just
above and below the mouth of Deerhorn Creek there are two small
-outcrops of massive rock which are believed to belong to this mass.
Farther east this rock has not been found. West of the Creede area,
however, on Bristol Head, these andesites are locally well developed
and occupy their usual position, regularly overlying the tridymite
latite and rather irregularly overlain by the quartz latite tuff.

. Throughout the area over which this andesite has been studied
it is irregular in thickness and discontinuous; the base is fairly
regular, and the greater part of the variation in thickness is due to
the irregularity at the top. The greatest thickness is shown north
-of Bulldog Mountain, where there is about 500 feet of this andesn;e, '
but it becomes rapidly thinner in all directions.

PETROGB‘APHY.

General features—In color the rocks are largely near Quaker
.drab or mouse-gray. The greater part of the rocks are fine textured
and carry very few crystals that can be seen without a ¢areful in-
'spection with a pocket lens. They are as a rule conspicuously
vesicular or amygdaloidal. In many places the vesicles are much
flattened by flow, giving the rocks a platy, fluidal texture. Mega-
-scopically they were thought to be basalts. The lowest flow in the
-drainage basin of Windy Gulch is dark reddish brown 2 and rather
-dense. It carries scattered crystals of white plagioclase and brown-
- ish-black biotite and hornblende a few millimeters across in a felsitic

.groundmass. On the east bank of West Willow Creek just above
the first crossing of the road to the Equity mine is a small exposure
-of a dense deep mouse-gray 2 rock which carries abundant tabular

2¢ Bidgway’s Quaker drab (1"’’) or deep mouse-gray (15'''*#) or a tint or shade of either of these; rarely
purp]b—drab (1"") or olive-gray (23''/'b). .

2 Ridgway’s dark purple-drab (17''{).

26 Ridgway’s 15”"i.
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crystals of glassy, striated plagioclase as much as 5 millimeters
long and a little augite in an aphanitic groundmass. A similar
rock was found under the white tuff in a shallow shaft a few hundred
feet to the south, where it is associated with the normal amygdaloidal
rock. Rock of this type was also found at the bottom of a shallow
shaft west of West: Willow Creek and S. 25° W. of the mouth of
Deerhorn Creek, at an elevation of 10,900 feet.

Microscopic features—As seen under the microscope the typical
amygdaloidal rock contains rather abundant 1-millimeter tablets of
plagioclase, with a little augite and altered olivine, which grade into
a very fine-textured groundmass made up of plagioclase laths and a
somewhat smaller'amount of augite grhins and magnetite, with con-
siderable brown, clouded interstitial glass. A small amount of quartz
is present in some of the rocks; it may be secondary, although it
appears to be interstitial to the feldspars of the groundmass. The
larger feldspar crystals have cores of labradorite or sodic labradorite
and grade outward into albite. The outer zones are filled with glass
inclusions. The average composition of the phenocrysts is near
andesine. The feldspars of the groundmass range from albite to
andesine. The olivine, whlch is variable in amount, is completely
altered to 1ddmgs1te, fibrous strongly blrefmctlng serpentine, car-
bonates, and iron oxide. The augite is commonly reddish brown
from the partial oxidation of the iron, probably before the consolida-
tion of the rock. Some of the sections show areas of opacite, which -
probably represent resorbed crystals of amphibole or other dark
minerals. A few of the rocks are holocrystalline and carry consid-
erable interstitial albite and a little orthoclase. Superficially the
_ Tocks resemble basalts, but they differ from normal basalts in the
more sodic character of their feldspar and the small amount of dark
minerals; they may well be called olivine andesite. They grade into
a normal pyroxene andesite.

The filling of the vesicles is varied. The most common is a soft,
dull, opal-like material with shrinkage cracks and no doubt represents
a gelatinous filling now partly crystalhzed It is pale yellow—green 7
or a related color. In part it is amorphous and in part it is made
up of fibers projecting from the walls of the cavities. These fibers
have a mean index of refraction of about 1.60, a rather strong bire-
fringence, and a positive elongation, The materlal is probably
nontronite, celadonite, or a related mineral.

A very few minute prisms with the following optical properties were
found in this material: =1.62; 2V large; birefringence = about 0.01,
probably optically —. On one face it shows an extinction angle
(Z A elongation) of 24°. On the other face it shows sensibly parallel

% Ridgway’s deep seafoam-green (27"'d).
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extinction and the emergence of X on the edge of the field. It is
therefore probably monoclinic. It is faintly pleochroic, with Z=pale
greenish yellow, Y = pale orange, and X = pale pinkish orange. These
properties do not determine the mineral.

Calcite is a rather abundant mineral of the cavities, as are also
analcite and a number of undetermined zeolites whose optical prop-
erties are indicated below: '

Cristobalite (?): Occurs in spherulites or radiating prisms with the following optical
properties: a==1.480, y=1.485, 2V=small to medium, optically —, ZA elonga-
tion=about 43°. It is very abundant in spherulites of radiating prisms attached to
the wall in the cavities of one of the andesites and is the only mineral in the cavities.

Undetermined zeolite A: Sparsely present as snow-white radiating hairlike fibers.
B=1.477, birefringence barely perceptible, elongation —, extinction sensibly parallel;

Undetermined zeolite B: Aggregates of minute shreds. a=1.51, y=1.52, elonga-

tion+.
" Ul-ltletermined zeolite D: Colorless to white grains. B=1.505, birefringence=0.01

about, 2V small, optically+, dispersion p <v rather strong, extinction sensibly parallel.

The lowest flow in Windy Gulch is a biotite-hornblende andesite.
It carries rather abundant phenocrysts of plagioclase and less of
brown hornblende and biotite. The plagioclases have the average
composition of sodic labradorite; the larger crystals carry abun-
dant peripheral inclusions of glass. The hornblende is partly or
completely resorbed by the magma, leaving the usual skeleton of
magnetite grains and augite. The groundmass carries abundant
laths of andesine feldspar, which grade into the larger phenocrysts,
in a very fine matrix that contains rather abundant grains of magnetite
and augite with an indeterminate material which. is probably largely
quartz and orthoclase. Tridymite is rather abundant in the small
vesicles. The rock is closely related to the quartz latites. ‘

The rock that crops out just below the mouth of Deerhorn Creek
on the east approach of the bridge across West Willow Creek and in
the two prospects to the west is a biotite-pyroxene andesite or quartz
latite. It carries rather abundant large phenocrysts of plaglocla,se
augite, resorbed biotite, and magnemte The groundmass is made up
of plagioclase laths embedded in a felted to mlcropegmamtlc inter-
growth of quartz and orthoclase, specked with iron oxide. Chloritic
aggregates were probably derived from small hypersthene pnsms,
The plagioclase phenocrysts are zoned and range from calcic to sodic
andesine; the smaller laths of the groundmass are somewhat more
sodic. The rocks are intermediate between the andesites and the
quartz latites.

ALTERATION AND TOPOGRAPHY.

The altera,tlon of the olivine to iddingsite and the deposition of
the minerals in the amygdules are believed to have taken place while
the lavas were still hot, and .decomposition of the minerals of the
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rock by weathering has not extended to any considerable depth.
The breaking up of the rock has been largely physical. The andesite
is comparatively soft and occurs in thin beds but is much more
resistant than the overlying tuff. Its upper surface is therefore
commonly a bench; its slopes are characterized by & succession of
- benches, formed by the successive flows. :

QUARTZ LATITE TUFF.
GENERAL CHARACTER AND OCCURRENCE.

At the base of the series of quartz latites that overlie the andesite
there is a considerable thickness of light-colored tuff which includes
local thin flows. The greater part of the material is sandy, with
scattered pebbles which are rarely over a few inches across; a partis .
very fine grained and a very little is conglomeratic. The coarser
material is thick bedded, but some of the finer material has very well
developed closely spaced laminations.

On the ridge between Deerhorn and West Willow creeks the tuffs

carry a larger amount of flow rock, the tuff-breccia is more chaotic
~ than elsewhere, and the rocks are more commonly rhyolitic. They
probably represent a lower, local deposit in a valley. The base, in
this area, is a thinly laminated tuff not over 100 feet thick. This is
overlain by an irregular flow of rhyolite-latite, locally several hun-
dred feet thick, and this in turn is overlain by a chaotic aggregate of
thin flows and tuff-breceia. On the west slope of the ridge the lower
part of this aggregate is a glassy flow about 50 feet or more in thick:
ness with a highly irregular base. The extreme northern portion of
the body is in part tuff but contains a considerable amount of massive
rock in small irregular bodies. The central portion of the body
under and north of the 11,406-foot peak is in large part white tuff
and latite breccia, with subordinate massive rock. South of this -
peak and beginning near its top is a fan-shaped body of massive rock,
with the handle of the fan forming the narrow ridge just below the
peak and its broad part on the ridge to the south, where it directly
overlies the rhyolite-latite. - This fan-shaped body is a steeply
dipping flow which overlies successively the tuff and the rhyolite-
latite. Its outline is indicated on the geologic map (PIL. II).

The quartz latite tuff overlies a rather irregular surface of the
andesite north of Bulldog Mountain. Much of the tuff west of West
- Willow Creek is covered with glacial and landslide débris, and even
where a continuous deposit of Quaternary material does not cover
the bedrock exposures are almost entirely lacking and the mapping
is necessarily unsatisfactory.

Beneath Nelson Mountain the usual tuff overlies in part the rocks

of the Alboroto group, in part the Mammoth Mountain rhyolite.
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North and west of the area mapped this tuff is very prominent and
with the overlying flows of quartz latite forms prominent cliffs and
benches for many miles north of Bristol Head.

THICKNESS.

The top of the tuff is fairly regular, but the base is locally rather
irregular. Its thickness therefore varies considerably. Locally it is
less than 300 feet thick, but east of Nelson Mountain it measures over
500 feet, and west of the Park Regent mine and west of Deerhorn
Creek it may be even thicker.

PETROGRAPHY.

The tuff is commonly nearly white, with a drab or buff cast. The
finer material is made up of fragments of glass with some broken
crystals of quartz, feldspar, and biotite. The sandy part contains
a large number of 1-millimeter crystals in a finer matrix of glass
fragments with some larger fragments of felsitic rock. The crystals
are quartz, orthoclase, plagioclase, biotite, hornblende, and the
usual accessory minerals. In quantity, size, and mineral character
these crystals closely resemble those of the overlying flows, to which
the tuff as a whole has a close similarity. The larger fragments,
which make up the main part of the tuff only on the ridge west of
Deerhorn Creek, are chiefly pumice, but locally fragments of thin,
platy fluidal rhyolite are abundant, and those of other rhyolites and
quartz latites and of black glass are present. Andesitic rocks are

rare.
MASSIVE ROCK IN THE TUFF.

Massive flows make up a part of the material called quartz latite
tuff; their form and extent are shown approximately on Plate II.
A prominent flow occurs on the slopes east of Nelson Mountain and
extends from the eastern landslide to and beyond the east edge of
the area mapped. It is about 100 feet thick and lies just below the
11,000-foot contour. The rock is Quaker drab? in color. It is
dense and shows scattered crystals of glassy orthoclase, white andes-
ine, and golden biotite in a felsitic groundmass. Under the micro-
scope the groundmass is indistinctly polarizing and probably con-
tains a considerable amount of glass. Lenses and streaks of the
groundmass are somewhat coarser in crystallization and are made
up of orthoclase crystals in a matrix that has a very low index of
refraction and an indistinct birefringence. It may be secondary
opal. A few crystals of quartz, brown hornblende, and augite are
present, and apatite, zircon, and magnetite are accessory. This
rock is quartz latite and approaches a rhyolite in composition.

3 Ridgway’s 1”'",
105719—23——5.
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The rock of the flow west of the Amethyst mine has rather abun-
dant kaolinized plagioclase, some glassy orthoclase, considerable
pale-brown biotite, a little embayed quartz, and accessory apatite,
zircon, and magnetite. The groundmass is a glass with incipient
crystallization. Rather abundant gas cavities carry drusy crystals
of orthoclase, quartz, and tridymite.

The greatest flow forms the slopes on both sides of West Willow
Creek above the mouth of Deerhorn Creek. The rock islight drab *°
or a nearly related color. It is commonly dense and shows rather
abundant crystals of white plagioclase, as much as 3 millimeters
across, and a few of glassy orthoclase and black biotite in an apha-
nitic groundmass. A poorly developed streaking or banding is com-
monly present. :

The thin sections show that the phenocrysts make up consider-
ably less than half of the rock. Plagioclase having the composition
of andesine is the most abundant; embayed quartz, orthoclase,
partly resorbed biotite, yellow titanite in large crystals, and the
usual accessory minerals are also present. In some specimens the
groundmass is very finely crystalline and is largely spherulitic, with
perhaps some glass. In another section it is made up chiefly of
rather large, irregular rounded blotches that can be seen only in
polarized light and are very fine intergrowths of quartz and ortho-
clase. They are embedded in an exceedingly finely ecrystalline
matrix and are packed closely together in some parts of the section
but scattered irregularly in other parts. As seen in ordinary
light this ground has a rather prominent fluidal streaking, and the
streaks pass through the polarizing blotches and the finer matrix
indiscriminately. The ground is everywhere filled with red trichites
of iron oxide. In composition the rock is near the border between
the rhyolites and the quartz latites and may properly be called a
rhyolite-latite. This rock offers little resistance to weathering and
disintegrates into small hackly fragments. Outcrops are poor, and
most of them are made up of the disintegrated rock. The slopes
are commonly smooth and rather steep and show the disintegrated
rock in place very near the surface.

The massive rock associated with the tuff that overlies this rhyo-
lite-latite west of Deerhorn Creek is in large part a black or dark-
gray glass; rarely it is nearly white. It carries rather abundant
inconspicuous crystals of glassy, striated felsdpar as much as § milli-
meters across and some biotite. Microscopically the rocks show
also a few crystals of orthoclase, quartz, and titanite, with accessory
zircon, apatite, and magnetite. Many of the rocks have also green
hornblende  and augite. The titanite is abundant in 1-millimeter

» Ridgway’s light purple-drab (17/b).
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crystals. The plagioclase is zoned andesine. The groundmass of
the glassy rocks shows incipient crystallization, chiefly along the
cracks. In some specimens abundant red rounded botyroidal
spherulites several millimeters across are embedded in a greenish
glass. These flows have not been separated from the associated
tuff on the geologic map.

The rock of the mapped fan-shaped flow south of the 11,406-foot
peak west of Nelson Mountain is dark purple-drab ® and superfi-
cially resembles some of the dense, fine-textured quartz latites of the
Piedra group. It carries abundant 1-millimeter crystals of andes-
ine, with some of quartz, orthoclase, biotite, augite, and titanite
and accessory apatite and magnetite. The groundmass is fluidal,
in part spherulitic, and in part very finely crystalline. The rock is

a quartz latite. .
WEATHERING AND OUTCROPS.

This tuff is but little consolidated and is relatively soft, being
much less resistant than the underlying or overlying rocks. The
overlying quartz latites in particular are thick, cliff-forming flows, and
the soft tuff gives way under their load, thus giving rise to the land-
slides which so commonly cover the tuff. In general the tuff forms
comparatively gentle slopes with few outcrops, and there is commonly
a more or less well-developed bench near its base. In Plate IV, A
(p. 3), typical slopes of the tuff are shown at the rear of the mines
from the center of the photograph to the right. On the extreme
right the gentle slope below the cliffs is formed of the tuff, modified
by glaciation and landslides. Locally, as on the southeast slopes of
Nelson Mountain, the tuff forms steep slopes with good outcrops.
These white outcrops with their striking castellated forms are locally
called the “white elephants.” Where flows are present in the tuff
they form a succession of benches and cliffs. The white color of the
exposures of the body west of the mouth of Deerhorn Creek and the
extreme irregularity of the complex has led the local prospectors to
call the mass “The Blowout.”

RAT CREEK QUARTZ LATITE.
GENERAL CHARACTER AND DISTRIBUTION.

Immediately overlying a fairly regular surface of the quartz latite
tuff and closely related to it is a series of lava flows with some inter-
bedded tuff, here called the Rat Creek quartz latite, from their devel-
opment on Rat Creek. The flows are mostly thin and rather irregu-
lar; the tuff forms a minor part of the material. The several flows
and the interbedded tuff consist of quartz latites of very similar
character; they differ but little from the material that makes up the

8 Ridgway’s 1”’"i.
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underlying tuff and from the overlying Nelson Mountain quartz
latite.

This latite underlies the Nelson Mountain quartz latite on the ridge
between Rat and West Willow creeks, but owing to the large amount
of landslide material beneath the cliffs of the Nelson Mountain
quartz latite, it is shown as a number of disconnected outcrops. It
is also present on the slopes of Nelson Mountain.

THICKNESS.

Although there is no marked irregularity either at the base or top
of the Rat Creek quartz latite, it varies considerably in thickness.
Between Rat and West Willow creeks it is only 150 feet thick at the
southern exposures but becomes considerably thicker to the north.
On the slopes of Nelson Mountain it is fram 400 to 500 feet thick.

PETROGRAPHY.

Megascopic features.—In color the rocks are pale drab.®* They are
rather dense and have fairly well developed flow structure shown by
horizontal planes of fracture but not by prominent banding. Pheno-
crysts 1 or 2 millimeters in cross section make up about half the rocks.
They are chiefly white to moderately clear striated plagioclase; there
is a less amount of clear, glassy quartz and orthoclase, considerable
biotite in the usual black flakes and hornblende in black cleavable
prisms. Light-green augite is abundant in most of the rocks, and
yellow-brown titanite can be seen in some. The groundmass is
aphanitic. Inclusions of quartz latites and rhyolites much like the
body of the rock are abundant in some of the flows.

Microscopic features—The microscopic examination shows that
the phenocrysts are somewhat diverse in size and are commonly
broken. Plagioclase is the chief; embayed quartz and orthoclase
are never abundant and are not always present; biotite is always
present; both hornblende and augite are commonly present, but
some flows contain only one of them; sphene is abundant and occurs
in large crystals in some of the rocks; magnetite, apatite, and zircon
are accessory; and tridymite was found in a few of the sections.
‘The plagioclase shows the usual zonal growths and ranges from oligo-
clase to oligoclase-andesine. The hornblende in most of the flows is
a chestnut-brown variety but in some is a green or olive-green
variety. Both it and the biotite have been greatly resorbed by the
magma. The groundmass consists chiefly of spherulitic growths of
orthoclase; in some specimens it is partly glassy. Tridymite and
cristobalite are present in rounded aggregates or intergrown with the
orthoclase of the spherulites. Streaks and irregular areas of coarser

-crystallization are common in most of the specimens.

8 Ridgway’s pale purple-drab (1""/d), pale Quaker drab (1//’d), or a nearly related color.
i
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WEATHERING, OUTCROPS, AND TOPOGRAPHY.

Most of the Rat Creek rock 1s more resistant than the underlying tuff
but less so than the overlying flow. Its outcrops are rather poor,
and it forms rather steep slopes between the gentle slopes of the tuff
and the cliff of the overlying flow. Much of it is covered by landslide.

NELSON MOUNTAIN QUARTZ LATITE.
GENERAL CHARACTER AND DISTRIBUTION.

The upper flow of the Piedra group in the Creede area is a regular
flow of quartz latite of uniform character. It makes the necarly con-
tinuous upper cliff and caps the divide east of Rat Creek, in the north-
east corner of the area. It is also the cap rock on Nelson Mountain,
whence it is named the Nelson Mountain quartz latite. A similar
flow overlies the tuff and forms the mesa north of Bristol Head. It
commonly forms prominent mesas, nearly surrounded by cliffs.

THICKNESS.

The top of this flow no doubt corresponds approximately to the
comparatively flat tops of the mesas. The flow is fairly uniform in
thickness and between Rat and West Willow creeks it is probably
350 feet thick; on Nelson Mountain the thickness is less than 200 feet.

PETROGRAPHY.

Megascopic features.—In color the rock is rather uniformly red-
brown.®? The phenocrysts are about 1 millimeter in cross section
and are about equal to the groundmass in amount. They consist
chiefly of porcelain-white striated plagioclase, with rather abundant
black plates of biotite and prisms of black hornblende and of pale-
green augite; glassy orthoclase- and quartz are less conspicuous.
The groundmass is aphanitic and rather dense; fluidal structure is
present but not conspicuous.

Microscopic features.—A. detailed microscopic study showed that
the plagioclase has the average composition of andesine. The
hornblende is of a brown variety, and both it and the biotite have
been somewhat resorbed by the magma. The quartz phenocrysts
occur in small amount and are embayed. The accessories are titanite,
in rather large and abundant crystals, magnetite, apatite, zircon,
and hematite. The hematite occurs in very minute specks and shreds
as a pigment to the groundmass. The groundmass is very finely
crystalline and is largely spherulitic; it is made up chiefly of ortho-
clase and quartz. Streaks and bunches of coarser crystallization
occur; a little tridymite is present in some of these coarser streaks.
The rock is not very different from some of the quartz latites of the
Alboroto group.

# Ridgway’s purple-drab (1’") or a slightly lighter tint or darker shade.
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WEATHERING AND OUTCROPS.

The minerals of this rock show little alteration, and the weathering
is largely mechanical. The rock breaks into flat plates along the
fluidal planes and on the tops of the ridges yields a fair amount of
soil. Asitis a very resistant and rather thick flow and overlies softer
tuffs and thin lava flows, it breaks down largely by landslides of
various sizes, thus causing a recession of its cliffs. The flow forms
mesas at its upper surface, surrounded by almost continuous cliffs,
below which are commonly talus heaps and landslide débris. The
mesas of this rock capping Nelson Mountain are shown against the
sky line at the left of the view given in Plate IV, B (p. 3); those in
the northwest corner of the Creede area are shown against the sky line
at the extreme right of Plate IV, A.



CHAPTER V.—-CREEDE FORMATION.
NAME, GENERAL CHARACTER, AND. OCCURRENCE.

A considerable thickness of rhyolitic tuffs and bedded breccia,
which contain local bodies of travertinous spring deposits in their
lower part and some intercalated lava flows in their upper part,
accumulated in a deep valley or basin that had much the same char-
acter and position as the present valley of the Rio Grande from
Wagonwheel Gap westward to Trout Creek, a distance of about 25
miles, but was considerably narrower. The name Creede formation
is here proposed for this deposit, from its extensive and characteristic
development on the slopes on both sides of Willow Creek about the
town of Creede.

In general the Creede deposits occupy an area in which the Hayden
map ¥ represented Green River Eocene beds with Carboniferous
limestone above them on the slopes. The Hayden reports * contain
practically no reference to these deposits in the Rio Grande valley,
and it seems plain that the Creede tuffs in the bottom of the valley
were called Green River Eocene, while the interbedded travertine
deposits that exhibit massive outcrops in some places were referred
to the Carboniferous without any good ground. Collections of plant
remains from the lower tuff beds of the Creede formation indicate
that these beds should be correlated with the Florissant lake beds
(Miocene).

The character of the basm in which the Creede formation was de-
posited is well shown by the way in which the beds commonly lap up
on the steep slopes of the older basin of deposition made up of similar
rocks, which form the abrupt slopes of to-day. This is also shown by
the geologic map and the structure sections (Pl. II). The Creede
beds occupy the floor of the valley of the Rio Grande and are sur-
rounded by steep slopes of the older rocks, which commonly rise 3,000
feet or more above the valley in a distance of a few miles. This
relation is not due to folding or faulting but to the fact that the Creede
formation was deposited in a basin that was deeper than that of the
present Rio Grande valley and probably had steeper walls. The
resulting irregularity at the base of the Creede formation is well
shown on both sides of Creede; to the east the base of the formation
rises nearly 2,000 feet in elevation within less than a mile. (See
Pl II.) In Plate IX the base of the Creede formation is shown at the
top of the cliffs on the rlght. over the bulldlngs

8 U S Geol. and Geog. Survey l‘err Atlas, sheets XV, XVII, 1881.
4 . 8. Geol. and Geog. Survey Rerr. Ninth Ann. Rept., pp. 153-157, 1877.
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STRUCTURE AND THICKNESS.

In general the tuff beds dip gently away from the mountains
toward the south and southeast, and the dips are commonly steeper
near the borders of the body. Dips of 10° or even 20° are common
near the borders, and much steeper dips occur in places. Away from
the borders the dips are low, but accurate estimates of the average
dip for any considerable area are difficult on account of the poor ex-
posures and local undulations. The general structure in the tuffs of
the valley is that of a gentle syncline. It is not known how much of
the dip is due to tilting since deposition, as beds laid down rather
rapidly in a comparatively small basin surrounded by very steep
slopes might have a considerable inclination at the time of deposition,
and this inclination would probably be steeper near the borders of the
basin. : :

No satisfactory estimate of the maximum thickness of the Creede
beds can be made, as the structure is uncertain, the top is nowhere
preserved, and the base is exposed only on the steep sides of the basin. .
About 500 feet of the lower member is exposed on both sides of Willow
Creek below Creede, and neither the top nor the base is shown; just
east of Creede, where the top of the lower member is preserved, about
800 feet is exposed. Approximately 1,000 feet of the upper member
is exposed east of Windy Gulch. In the middle of the valley the
thickness was probably considerably greater.

SUBDIVISIONS.

The Creede formation has been subdivided on the map into three
lithologic units, which, however, have no sharp lines of separation.
The lower member is made up entirely of fragmental material, the
greater part of which was deposited by water, although some of it
represents talus and similar accumulations. Much of this material
is a thinly laminated white shaly tuff; part is sandy, and part is
breccia and conglomerate. The material is entirely of igneous origin,
and a greater part of the larger fragments were derived from the
rocks of the Alboroto group, whereas the finer tuffs were deposits of
volcanic ash from local eruptions.

Interbedded with the tuff of the lower member are beds of traver-
tine, which was deposited by springs, probably hot springs, at the
time the tuff was being laid down and at various horizons. It is in
part a surface deposit, in part a deposit in the channels through which
the waters came, and in part a deposit formed by cementation and
replacement of the tuffs. It occurs in very irregular bodies whose
contacts are not everywhere sharply marked. Only the larger bodies
are shown on the map, and their boundaries as indicated are more or
less diagrammatic. :
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The material of the upper member is somewhat coarser than that
of the lower member; it is made up mainly of rather well-bedded
breccia, conglomerate, and tuff. A considerable part of the fragments
consists of a kind of rhyolite that is found only here and in the
associated thin intercalated flows.

LOWER MEMBER.

General character.—The lower member of the Creede formation is
made up in large part of fine-grained and well-bedded material, which
is commonly creamy or light grayish. In part it is very thin bedded
and shaly and closely resembles a siliceous shale, although composed
almost wholly of volcanic material. Much of this tuff carries plant
remains, some of which are well preserved. Thicker beds of sandy
material and beds or lenses of conglomerate are present. Most of
the pebbles are well-rounded fragments of igneous rock; some are
subangular or even angular. Near the contact with the underlying
rocks coarse and angular material is much more abundant, and at the
base of the original steep slopes of the older rocks the local material
of the Creede beds really represents an indurated talus from the cliffs.
In the upper part of the member, west of Rat Creek, the mate-
rial is more thickly bedded and much of it is sandy or conglomeratic.

Petrography.—The shaly tuff is rather uniform in character and is
made up in large part of fragments of rhyolitic glass with an occa-
sional fragment of feldspar, quartz, and biotite. "It is no doubt an
ash from a near-by volcanic vent. The sandy beds carry very
abundant crystals of orthoclase, plagioclase, quartz, and biotite, rare
fragments of other minerals, and a varying number of fragments of
felsitic or pumiceous rhyolite. '

The pebbles of the conglomeratic part of the tuff consist chiefly of
fragments of the underlying rocks but include also a great variety
of other rocks, chiefly rhyolites and quartz latites. The fragments of
the conglomerates and breccias about Creede were derived chiefly
from the Willow Creek and Campbell Mountain rhyolites but in part
from rocks similar to the quartz latites of the Alboroto group.
Large angular blocks of tridymite latite similar to that of the Piedra
group are present just east of Creede. The nearest exposures of the
tridymite latite are much higher on the slopes on Bulldog Mountain
or in the high mountains a few miles to the northeast. The fragments
may well represent landslide or talus blocks from cliffs of this rock
that have since been removed by erosion. A few fragments of a
variety of other rhyolites, quartz latites, and andesites that can not
be correlated with any of the rocks of the vicinity are also present, and
these are more abundant in the thin lenses of conglomerate that occur
in the thin-bedded tuffs at some distance from the mountains. In
other places, as near Wagonwheel Gap, the fragments in the tuff are
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chiefly quartz latites similar to those that formed the adjacent slopes
at the time of deposition. Where the fragments are angular, espe-
cially near the contacts, the greater part are identifiable as belonging
to the immediately adjacent rocks. In the Iowa tunnel and else-
where near the contact with the lower rocks the material is made up
of somewhat indurated small angular fragments of the Willow Creek
rhyolite and no doubt represents simply an accumulation of talus
at the base of the steep slopes of the rhyolite during the Creede epoch.

In general both the tuff and conglomerate are fairly well indurated
and are much harder than the somewhat similar tuff of the Piedra
group. Near the travertine bodies the tuff is filled with calcite and
much of the.coarser material is cemented by reddish-brown or
yellowish hydrated iron oxide or by a green ferruginous material.
Locally, especially in the upper part, the tuff and breccia are
cemented by silica.

INTERBEDDED TRAVERTINE.

Character and distribution.—Within the tuff of the lower member of
the Creede formation are a large number of bodies of travertine.
The largest of these is just east of Sunnyside Creek, where it forms
prominent cliffs; other bodies are mapped between Creede and Sunny-
side and between Creede and Dry Gulch. These travertine bodies
are also characteristic accompaniments of the Creede formation
beyond the Creede area. Large bodies are present in the lower part of
the Lime Creek basin near the western extremity of the Creede forma-
tion, between Fir and Shallow creeks, in the drainage basin of Farmers
Creek, near Wagonwheel Gap, and in the drainage basin of Deep
Creek. They arerather more abundant near the borders of the Creede
formation than in the center The bodies are very irregular in form,
and their contacts are in places indefinite; consequently the mapping
is much generalized and is intended to show only the approximate
form and location of the larger bodies. A great part of the travertine
is a light-grayish deposit of very fine grained calcite, in some places
very dense, in others rather porous or highly cellular. There is
commonly a considerable amount of limonite, especially in the more
porous variety, and some of the material is highly ferruginous.
Locally, as in parts of the body north of the 9,208-foot hill wes of
Willow Creek, there is a light, porous deposit of gypsum, stained and
coated with limonitic material. Part of the travertine incloses
fragments of rock. Locally it carries much chalcedony, with some
quartz, filling original ¢avities or as veinlets, and in places it contains
deposits of siliceous sinter.

Origin.—The travertine and less common siliceous sinter were
deposited about the openings of springs, probably hot springs, which
must have been very abundant about the borders of the old basin.
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The travertine is usually mixed or interbedded with the fine-grained
tuff, and in some places it appears to act as a cement for the tuff;
in part it forms lenses or less regular bodies in the tuff. Some of the
travertine was probably deposited in the conduits of the springs;
the strip through the middle of the body east of Sunnyside, which
for ns the pronounced outcrop of this body, is believed to have been
so deposited. It forms a dikelike outcrop striking a little north of
east above the 9,100-foot contour, with very steep walls, over 100
feet high in places, on the south side and a bench or low depression on
the north side. It is almost entirely travertine, but the rest of this
body, included in the travertine on the map, carries much tuff inti-
mately mixed with the travertine.

Travertine deposits, somewhat similar to those in the Creede
formation, have been formed elsewhere on a large scale about the
borders of interior undrained lakes, by the precipitation of calcium
carbonate from the waters of the lakes. The abundance of silica
and iron in the travertine of the Creede formation and the presence of
bodies of cellular gypsum and limonite, together with the small size
and nuregular form and distribution of the bodies, make it seem
unlikely that this travertine was so deposited.

UPPER MEMBER.

General character and distribution.—The upper member of the
Creede formation is made up of considerably coarser material than
the lower member, and the material is better sorted, more distinctly
bedded, and more rounded than the talus-like material that constitutes
most of the coarse part of the lower member. In addition to frag-
ments of the older rocks from the near-by slopes it carries abundant
fragments of rhyolites found only in this member, and some of the
conglomerates are made up entirely of such rhyolites; thin flows of
similar rhyolites are interbedded with these conglomerates.

The two members are not sharply distinct, and the contact has
been drawn more or less arbitrarily. It was intended to include in
the upper member all the pebble beds that are made up of rocks simi-
lar to those of the intercalated flows.

This member is best exposed in the drainage basin of Windy
Gulch and on the slopes west and south of the Commodore mine.
The contacts of this body are fairly well mapped except where it is in
contact with the rocks of the Piedra group, for there the exposures
are very poor and the contacts and relations are uncertain. The flats
near and northwest of Bachelor are included in this member, although
mueh of the material on them may be Quaternary wash. The map
also shows an area on the south slope of Mammoth Mountain, but this
area is almost entirely lacking in exposures and the contacts are very
greatly generalized. The typical rock was seen only in a few prospects
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at an elevation of about 10,550 feet just west of the isolated cliffs of
Willow Creek rhyolite.

Petrography.—The clastic rock varies greatly in the degree of sort-
ing and rounding of the fragments, the coarseness of the material,
the petrographic character of the fragments, and the amount of
induration. On the whole it is considerably coarser than the lower
member of the Creede formation, is somewhat more indurated, and
carries abundant fragments of rock similar to the associated flows.
A small part of the material is rather thin bedded and of fine shaly
texture, somewhat more is sandy, and the greater part is conglomer-
ate or breccia.

A large part of the material is rather well bedded and sorted and
consists of fragments as much as several inches across, generally not
well rounded, in a large amount of matrix. The fragments consist
chiefly of the Mammoth Mountain rhyolite, with some of the Willow
Creek rhyolite, but locally, west of Windy Gulch, they consist almost
entirely of rocks similar to the associated rhyolite flows, especially of
the banded type of massive rock. (See p. 67.) In a few places rocks
resembling the tridymite latite and more or less similar to the rhyolite
breccia of the Piedra group are present; other rocks are rare. The
matrix is dark red or drab, rarely white, and is very fine, hard, and
dense, except for occasional cavities, and the rock superficially resem-
bles a flow breccia. The cementing material is chiefly quartz and
chalcedony, with considerable iron. Barite and jarosite were found
in a number of places, chiefly in the cavities; they do not appear to
be confined to the vicinity of the veins, as they are common in Windy
Gulch. A large part of the breccia has apparently been cemented
by ferruginous quartz, with some sulphates.

The fine-textured layers are in large part indurated to hard, flinty
rocks, in most places stained red or drab by iron. They carry a few
poorly preserved fragments of fossil plants. The sandy layers in
the main consist either of broken crystals of feldspar and biotite or of
fragments of felsitic rhyolite and have a cement of ferruginous quartz.

The coarser beds of conglomerate, which are interbedded with the
lava flows in Windy Gulch and near the Commodore mine and are
also present in lenses in the overlying breccia, are made up of well-
rounded pebbles, the largest a foot or more across, with a moderate
amount of sandy matrix. They are usually cemented by silica and
iron compounds to a hard rock. Most of the fragments are rock like
that of the associated flows; some are fragments of a rock with more
prominent phenocrysts, and the pebbles of this type are much altered.

Massiwve rocks.—In the lower part of the section in the drainage
basin of Windy Gulch and to the northeast as far as the Bachelor
mine & number of thin flows are present and alternate with beds of
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conglomerate made up of fragments of rock similar to that of the
flows. They have not been separated on the geologic map, as they
are local, thin, and poorly exposed and are closely associated with
the conglomerates, which in turn grade into the normal breccia.

The greater part of the flows is made up of a rather porous drab
rock which carries phenocrysts from 1 to 2 millimeters in cross
section, of glassy orthoclase, white porous feldspar, and dark-brown
plates of biotite. These phenocrysts make up about half the rock
and are embedded in a porous, aphanitic material. The micro-
scope reveals a few quartz grains and shows that the white feldspar is
a peculiar microperthite in porous, skeleton crystals and is partly
altered to sericite. This gives an imperfect wavy extinction, as the
intergrowths are almost submicroscopic. Orthoclase predominates.
The biotite is partly resorbed. Accessory apatite, magnetite, and
zircon are sparsely present. The groundmass shows beautiful
wavy, fluidal bands of lighter tone and coarser crystallization. In
part the crystallization is submicroscopic, but irregular streaks and
bands are made up of closely packed spherulites, here minute, there
large. The rocks are fresh except for the presence of a little second-
ary calcite and sericite. The albite may have been derived from a
more calcic feldspar. In one of the sections the phenocrysts have
very ragged borders due to their influence in orienting the adjoining
groundmass. The groundmass is granophyric and rather coarsely
though very irregularly crystalline. Just south of the Commodore
mine one of the flows shows white blotches, which can be recognized
with a pocket lens as areas of radiating fibrous spherulites.

Another type of massive rock found only west and south of the
Commodore mine carries rather numerous rough cavities 1 inch in
largest dimension. It has fewer phenocrysts than the type described
above and a much finer groundmass but is otherwise similar.

South of Bulldog Mountain a third type is exposed partly as a
massive rock and makes up much of the breccias. It is a pale purple-
drab rock with rather broad bands and lenses of lighter tone. It
carries rather abundant crystals of glassy orthoclase and a few of
white feldspar and dark-brown biotite. The microscope shows that
the plagioclase is near albite and is somewhat altered to sericite.
The orthoclase crystals include well-formed crystals of albite. The
groundmass of the broad dark-colored bands is very finely crystal-
line; that of the light bands is rather coarsely crystalline, with the
quartz and orthoclase intergrown. The fibers or prisms of feldspar
tend to grow out from the walls, and the quartz fills in between them.
All the flows are rhyolites rather rich in soda.

& Ridgway’s Quaker drab (1/) to purple-drab (1/"").
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WEATHERING AND TOPOGRAPHY.

The beds of the Creede formation are by far the least resistant of
all the large bodies of rock within or near the Creede area, and they
have had a marked influence on the development of the topography.
The broad valley of the Rio Grande, with its comparatively gentle
contiguous slopes from Trout Creek to Wagonwheel Gap, a distance
of about 25 miles, corresponds to the area occupied by these tuffs
and is in marked contrast with the steep, rugged slopes surrounding
the valley and with the canyons of the Rio Grande both above and
below. Equally marked is the contrast between the rugged rock
canyon of Willow Creek above Creede, where it is cut in the Willow
Creek rhyolite, and the broad valley and rolling hills below Creede,
where it is eroded in the Creede formation. Plates IIT and X1 show
‘the low, rolling grass-covered hills of tuff about Creede and the
marked change in topography above Creede where the Willow Creek
rhyolite comes out from under the tuffs.

ORIGIN.

The greater part of the clastic material of the Creede formation
- was clearly deposited by water. The conglomerate was probably
laid down in part along the shore of the lake, in part by contributory
streams during freshets. Near Creede conglomerate is much more
abundant in the upper part of the formation and makes most of the
clastic material in the upper member; but this may not be true in
other portions of the basin. Indeed, the upper member near Creede
is probably largely fluviatile material. Ancient talus and similar
subaerial accumulations make up a small part of the formation.
The fine shaly tuff must have been deposited in comparatively still
water, and its considerable -though local distribution, together with
its great thickness and the form of the basin of deposition, are rather
satisfactory evidence that it accumulated in a local intervolcanic
lake. The form of the old basin beyond the present Rio Grande
Valley is not known, as younger rocks hide it both above Trout
Creek and beyond Wagonwheel Gap.

The material of this formation was derived from four sources.
Much of the fine tuff represents volcanic ash which was thrown out
from some unknown but near-by volcanic vent and fell in a lake or
on sides of the basin surrounding it and was deposited, after sorting,
in the quiet water of the lake. The greater part of the coarse material
was derived by the ordinary processes of erosion from the mountains
surrounding the basin and was brought into the lake by the torrential
streams that fed it. This portion is made up almost entirely of the
underlying rocks. The travertine, as has already been stated, was
deposited by hot springs contemporaneously with the deposition of
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the fine tuff. Finally, a number of thin lava flows are present in the
upper part of the formation. :

POSITION IN THE SECTION.

The Creede formation clearly overlies the rocks of the Alboroto
group. The contacts and relations are well exposed on both sides
of Creede and in other places and a large part of the fragments from
the coarse material in the Creede formation were derived from the
two rhyolites of the Alboroto group. It also overlies the rocks of
the Piedra group, but although it is in contact with Piedra rocks near
Sunnyside, in the drainage basin of Windy Gulch, and near Bachelor,
the exposures are nowhere sufficient to establish the relation between
the two. The Creede and Piedra rocks are also in contact east of the
area included in this report, but here too the relations are obscure.
Although the Creede formation everywhere occupies the slope below
‘the Piedra group, the form of the contacts indicates that the Creede
was deposited in a basin with steep slopes made up of the rocks of
the Potosi volcanic series; this is shown more clearly east of the area
mapped, where the soft tuffs and breccias of the Creede formation
abut against steep slopes of flows of the Potosi volcanic series.

On the whole the Creede breccias contain fewer fragments of
rocks that can be identified as belonging to the Piedra group than
would be expected from the relations, but fragments of the tridymite
latite were found in the lower member of the Creede formation just
east of Creede and in the upper member in Windy Gulch. Moreover,
two of the formations of the Piedra group that should have contrib-
uted largely to the Creede beds, the Windy Gulch rhyolite breccia and
the Mammoth Mountain rhyolite, weather into small fragments, and
these could hardly be- distinguished from fragments of the older
Campbell Mountain rhyolite. To the east, in the drainage basin of
Farmers Creek, where the Creede beds lap against large masses of
rocks belonging to the Piedra group, fragments of those rocks are
more abundant in the Creede formation.

In the area included in this report no rocks have been found over-
lying the Creede formation. However, at Wagonwheel Gap, only
8 miles to the southeast, a thick flow of a hornblende-quartz latite,
which is without doubt related to the Fisher quartz latite, overlies
the tuff. The position of the Creede formation is therefore between
the Fisher quartz latite and the Potosi volcanic series.

AGE.

The thin-bedded tuffs of the Creede formation have furnished the
only determinable fossils found in this vicinity. These tuffs com-
monly carry a moderate number of plant remains, some of which
are well preserved. Collections were made from three localities in
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the Creede area and submitted to F. H. Knowlton for identification,
Below are the lists of forms reported by him from each locality:

2 (5951). Creede quadrangle, Colorado. Ridge north of Pierce Creek, near Hot
Spring Hotel, Wagonwheel Gap, at elevation of 9,000 feet:
Minute fragments of bark, coniferous leaves, etc., but nothing determmable
24. (5952). South bank of Rio Grande 150 yards above wagon bridge over Rio Grande,
34 miles below Creede, Colo.:
Fontinalis pristina? Lesquereux.
Cercocarpus antiquus? Lesquereux. A very narrow small leaf.
93 (5953). Tuff, west bank of Rio Grande one-fourth mile north of Sevenmile Bridge,
7 miles above Creede, Colo.: ’
Pinus wheeleri Cockerell. Leaves in fives.
Sequoia sp.?
Thuya sp.
Dicotyledon, narrow, Wedve-shaped at base; no nervation.
Quercus pyrifolia? Lesquereux.
Fontinalis pristina Lesquereux.3®
536 (6198). Same locality as 93:
Adiantites? sp. new?
Planera myricaefolia (Lesquereux) Cockerell.
Pinus wheeleri Cockerell.
Pinus sp. cone, like P. florissanti but smaller.
Carduus florissantensis Cockerell.
Vitis florissantella Cockerell.
Conifer, probably Picea or Abies, undoubtedly new.
Mahonia? sp. trifoliolate and new.
Abies, two species, new.
Juglans, new?
Celtis mccoshii Lesquereux.
Lomatia hakeaefolia Lesquereux.
Ribes protomelaenum Cockerell.
Insect, beetle?
Feather, like those of Florissant.

Mr. Knowlton makes the following comments on this flora:

These species are all or nearly all found in and are highly characteristic of the
Florissant flora. The question then arises as to the age of the Florissant deposits.
For many years they were supposed to be in the approximate position of the Green
River formation, but on the determination of the fossil insects the beds have of late
years been referred to the Oligocene. Still more recently extensive explorations have
been made in the Florissant plant beds, with the result of bringing to light a great
number of new and on the whole of very modern appearing forms, and the conviction
has been growing that these beds had been placed too low in the scale. Extensive
Tertiary floras from this country, as well as from other parts of the world, have lately
become available for comparison, and it now seems probable that the Florissant beds
are upper Miocene. In any event I feel perfectly justified in stating that the plants
here submitted from the vicinity of Creede, Colo., are of the same age as the plant beds
of Florissant, Colo., and that this age is certainly Miocene, and in all probability upper
Miocene. As to the original reference of these beds to the Green River, I can only say
that none of the plants submitted belong to the Green River flora, while all but one or
two that have been identified do occur in the Florissant beds.

- % This has been shown to be a feather and not a moss.



CuapTErR VI.—FISHER QUARTZ LATITE.
GENERAL RELATIONS.

In the Creede area a volcanic series still later than the Potosi is
represented about MacKenzie Mountain by the great lava flow belong-
ing to the member named the Fisher quartz latite in 1917.3 Beyond
the area mapped in nearly all directions this latest volcanic series is
extensively developed. It attains a great thickness on the divides,
both to the north and south of the Rio Grande, and tongues and
patches of it extend toward the Rio Grande valley and locally cross
the valley. Tt is made up of asuccession of lava flows and pyroclastic
deposits. Some of the flows are several hundred feet thick and per-
sist for long distances; others are irregular and local. The pyroclastic
part is largely very chaotic and contains rather abundant irregular
bodies of flow rock. The rocks of this series are quartz latites,
rhyolites, and andesites. They are nearly all characterized by larger
and more conspicuous phenocrysts than the other rocks of the area
and thus can usually be recognized with little difficulty. Y

The relation of this volcanic series to the Potosi volcanic series is
well shown in the vicinity of MacKenzie Mountain, where the Fisher
quartz latite overlies the several members of the Potosi volcanic series
in an irregular manner and clearly flowed over an erosion surface of
considerable relief and filled in the valleys and other irregularities.
Beyond the limits of the area mapped, in the upper East Willow Creek
basin and elsewhere, the irregularity at the base of this series is still
more marked and is persistent wherever this series has been found.

The relation of this volcanic series to the Creede formation is not
shown in the area covered by this report, as the two are nowhere in
contact. However, about 8 miles to the southeast, at Wagonwheel
Gap, a great flow belonging to this volcanic series rests successively
on the Creede formation and rocks of the Potosi volcanic series and
has a lower contact that cuts across the contours very irregularly.
The hard rock that forms the gap belongs to this formation. Clearly
a considerable interval of erosion succeeded the deposition of the
Creede lake beds and preceded the extravasation of the rocks of this
upper volcanic series.

# Colorado Geol. Survey Bull. 13, pp. 20, 23-33, 1917. Named for development on Fisher Mountain,
Creede quadrangle. ’ -
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GENERAL CHARACTER AND DISTRIBUTION.

On MacKenzie Mountain and the ridges to the north and south is a
prominent quartz latite containing abundant crystals of green augite
and large and prominent phenocrysts of feldspar and biotite. Within
the area mapped it probably represents a single flow, although a part
may represent material that solidified within the vent through which
the material of the flow was extruded. As shown on Plate II, this
rock occupies the large area including MacKenzie Mountain and two
smaller areas on the same ridge south of the Kreutzer fault. In
addition, there is a small outcrop of this rock surrounded by glacial
drift in the upper Rat Creek basin, another just east of Rat Creek,
and a third west of Rat Creek and northeast of MacKenzie Mountain.
The last-mentioned body, which caps the 10,800-foot hill, is poorly
exposed and may represent slide rock from the cliffs above, although
it is believed to be in place. Similar rocks, which no doubt represent
the same eruptive series, although not the same flow, are extensively
developed on the higher slopes both north and south of the Rio

- Grande. )
THICKNESS.

Wherever observed this flow came over a surface whose relief was
comparable with that of the present surface, and within the Creede
area-the extreme irregularity of its base is well shown. On the east
side of the saddle just north of MacKenzie Mountain the base of
this flow is well exposed at an elevation of 11,150 feet; thence to
the southeast the base of the cliff, which is practically at the base of
the flow, as is indicated by the glassy rock at this horizon, cuts sharply
across the contours and within an eighth of a mile crosses the 10,850-
foot contour, a fall of 300 feet. Just north of this locality the steep
slope of the base is even more striking, as it is also on all sides of the
isolated body on the east side of Rat Creek. The latter body evi-
dently rests on very steep slopes of the older rocks, and it was at
first believed to be intrusive, but the identity of the rock with that
of the flow across the creek and the glassy layer at its base, together
with the details of the contacts, where exposed, show that the body
is a flow resting on the rocks of the Piedra group.

Owing to the extreme irregularity at the base of this flow its
thickness varies greatly. Moreover, the top is nowhere certainly
exposed although the small plateau northwest of MacKenzie Moun-
tain is believed to represent nearly the top of this flow. It is com-
monly several hundred feet thick and locally as much as 500 feet.

PETROGRAPHY.

Megascopic features.—The rock is fairly uniform in appearance
and varies chiefly in color, porosity of the groundmass, and the
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amount of glass in the groundmass. The color * is purple-drab in
the denser rock to light Quaker drab or light mouse-gray in
the more porous rocks. The glassy layer at the base is deep olive-
gray.®® Except for the basal glassy layer, all the rocks show a few
small gas pores, and some of the rocks are decidedly porous. The
flow is characterized by the number and especially the size of its
phenocrysts, which about equal the groundmass in amount and are
commonly from 2 to 4 millimeters across; a few measure 1 centi-
meter or more. They are chiefly porcelain-white plagioclase, with
rather prominent black flakes of biotite and prisms of pale-green
augite. The groundmass is aphanitic.

Microscopic features.—In addition to the minerals recognized
with a pocket lens the microscope shows a few crystals of zircon,
apatite, and magnetite. The groundmass is largely submicroscopic
in crystallization and is rhyolitic in character. The plagioclase is
andesine-labradorite in composition and carries central inclusions
of the other constituents. The biotite is considerably resorbed,
and the augite is somewhat altered to chloritic material. A little
tridymite is present in the porous parts of some of the specimens.

WEATHERING AND OUTCROPS.

The rock is little altered; it is very hard and resistant to weather-
ing and nearly everywhere forms prominent cliffs. It is underlain
by softer rocks, and landslides have been important factors in break-
ing up the flow. The slopes beneath its cliffs are commonly covered
with a heavy mantle of landslide material from this cliff-forming
quartz latite.

8 Ridgway’s 1" to 1'"'b or 15’"'"’b.
# Ridgway’s 23''"".



CHAPTER VII.—INTRUSIVE ROCKS.
TYPES.

In the Creede area intrusive rocks are neither great in extent,
numerous in individual bodies, nor varied in character. Four types
of these rocks have been recognized—rhyolite porphyry, quartz latite
porphyry, basalt, and hornblende-quartz latite porphyry. The rhyo-
lite porphyry is fairly uniform in character and was probably all in-
truded at about one time, during the later part of the period repre-
sented by the Alboroto group. It occurs south of Bulldog Moun-
tain and east of Willow Creek in irregular or sill-like intrusions, none
of which are extensive. The quartz latite porphyry is very uniform
in character and no doubt was all formed at about the same time.
It is confined to the southeast corner of the area and occurs in dikes
as much as a few hundred feet across, striking west of north. It is
probably of about the same age as the Fisher quartz latite and may
be the intrusive equivalent of that or a related flow. The basalt was
found in only one narrow dike in the lower Rat Creek basin and cuts
the lower part of the Piedra group. The hornblende-quartz latite
porphyry was found only in the mine workings.

RHYOLITE PORPHYRY.
GENERAL CHARACTER AND DISTRIBUTION.

A nearly white rhyolite porphyry characterized by large, glassy
crystals of orthoclase is present in several bodies of considerable size
south of Bulldog Mountain and in some smaller bodies on the slopes
west of Willow Creek just above Creede. Small bodies of this rock
were found in some of the underground workings, and a somewhat
similar rock is exposed on both sides of West Willow Creek just below
Weaver. The details of the distribution are shown on Plate II.

This rhyolite porphyry is very soft and gives few good outcrops.
South of Bulldog Mountain, in particular, outcrops are almost en-
tirely lacking, and the boundaries were mapped largely from the
appearance of the soil and talus. The character of the contacts was
rarely observed, and the mapping is therefore generalized.
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RELATION TO ADJOINING ROCKS.

Wherever exposures are sufficient to offer any data as to the rela-
tion of this rhyolite porphyry to the adjoining rocks an intrusive
origin is strongly suggested. It nowhere appears to occupy a defi-
nite horizon in the section, although it is confined to the rocks of the
Alboroto group and it is commonly between the two rhyolites of
that group or near their contact. The two small mapped bodies on
the east side of the ridge south of Bulldog Mountain are clearly
crosscutting, as is shown by their contacts where exposed in several
places. The other bodies on this ridge are so poorly exposed that
their relations could not be determined. They probably represent
in part gently dipping dikes or sills, perhaps in part irregular in-
trusives. The small masses of this rock just north of Creede are
somewhat better exposed agd are, at least in part, crosscutting
bodies. Dikelike bodies of this rock are crossed by the Nelson tun-
nel. The body south of Weaver has the form of a sill.

The porous character of the rock suggests a surface rock, but the
texture rather suggests an intrusive. The intrusion probably took
place very near the surface, and, indeed, a considerable part of the
rock may have reached the surface.

PETROGRAPHY.

Megascopic features.—In luster the rocks are dull and chalky, in
color they are chiefly nearly pure white with a very slight vinaceous
cast, and a few grade to Quaker drab. They are commonly some-
what porous, and some carry abundant very fine pores. Much of
the rock shows an imperfect fluidal banding. It carries a few thick
tablets of glassy orthoclase nearly 1 centimeter across in a very fine
textured to aphanitic groundmass. Dark minerals are almost en-
tirely lacking. The rock just south of Weaver is much altered and
differs somewhat from the rest of the rock. In addition to the usual
large crystals of orthoclase it carries a few crystals of quartz, biotite,
and a completely altered feldspar, probably a plagioclase. It has a
somewhat brecciated appearance.

Microscopic features.—The thin sections show that, in addition to
the large phenocrysts of orthoclase, there are a very few partly
resorbed crystals of biotite and the usual accessories, apatite, zircon,
and magnetite. Quartz phenocrysts and kaolinized feldspar, proba-
bly plagioclase, were found only in the specimens from the body
south of Weaver. The groundmass is irregular in texture. It carries
very abundant grains of quartz, of which the largest are a few tenths
of a millimeter in cross section, and a few of orthoclase; these are em-
bedded in and not sharply distinct from a very fine matrix of quartz
and orthoclase. The quartz of the groundmass adjacent to the quartz
grains has oricuted itsclf with respect to these grains and is crystallo-
graphically continuous with them.
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QUARTZ LATITE PORPHYRY.
OCCURRENCE.

In the drainage basin of Miners Creek and to the west there are a
number of dikes, some of them several hundred feet across, of a
quartz latite porphyry of rather uniform character. Most -of these
dikes are nearly vertical and strike a little west of north. West of
the area mapped are several more dikes of the same character and
striking in about the same direction, with some tendency to radiate
from the hill north of MacKenzie Mountain.

The dike on the west boundary of the area is the largest of those
shown, but some farther west are still larger. This dike is over 200
feet wide in places and has been followed for more than a mile. Itis
a part of a larger body most of whichdies beyond the area mapped.
The dike just west of Miners Creek is somewhat narrower and is about
three-quarters of a mile long. The bodies near the fault east of
Miners Creek probably represent three distinct dikes, two of them
about half a mile and the other only a few hundred feet in length.
The southernmost of these dikes was broken by the fault. Four
small, poorly exposed bodies in the southwestern part of sec. 34,
are mapped, and poor exposures of another small body were found
on both sides of Rat Creek in the southern part of sec. 27. The dikes
are rather resistant to weathering and commonly give prominent out-
crops. Where they cut soft rocks they stand out as broken walls.

AGE.

The dikes clearly cut the rhyolites of the Alboroto group, and to the
west they cut the rocks of the Piedra group, reaching as high in the
section as the andesite. They are older than the last movement
along the Kreutzer fault, but may possibly be younger than the main
movement, as will be shown in the chapter on structure. The dike
rock resembles the Fisher quartz latite both in composition and in
habit, and in places north of MacKenzie Mountain there is some indi-
cation that the two grade into each other. The dikes are therefore of
about the same age as this quartz latite and probably represent the
channels through which it or very similar and closely related flows:
were extruded.

PETROGRAPHY.

Megascopic features.—In color the rocks vary somewhat but are
with few exceptions gray.®® They are dense and show phenocrysts,
commonly several centimeters across, nearly equal in amount to the
aphanitic groundmass. The phenocrysts are chiefly of white plagio-
clase in thick plates with rounded to hexagonal outline. Biotite is

© Near Ridgway’s light olive-gray (23'/""’d) or light mouse-gray (15'""'b).
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rather abundant, and in some of the material augite and less com-
monly hornblende are present. Phenocrysts of orthoclase and
quartz are rare.

Microscopic features. ——’lhc microscopic study shows that the
plagioclase phenocrysts are not greatly zoned and are andesine-
labradorite in average composition. The biotite is commonly
resorbed. The accessories are apatite, zircon, and magnetite. Less
than half of the rocks show remnants of augite, largely altered to
calcite and chlorite; nearly all show areas of calcite and chlorite
which probably represent altered augite; a few show in addition a
little green hornblende. The groundmass is usually a rather coarse
micrographic intergrowth of quartz and orthoclase with some small
laths of plagioclase. The rocks are commonly somewhat altered, with
the development of calcite and sericite from the plagioclase and of
calcite and chlorite from the augite.

INTRUSIVE BASALT.
OCCURRENCE.

A single small dike of dark-colored rock was found in the Creede
area. It cuts the rocks of the Piedra group as high in the section as
the Windy Gulch rhyolite breccia on the slopes west of Rat Creek,
in the southern part of sec. 22. It has a width of about 10 feet and
strikes nearly north. It is rather poorly exposed.

PETROGRAPHY.

The fresh rock is iron-gray,* but on exposure it bleaches to deep
olive-gray.#? The rock is dense and shows to the naked eye a very
few glassy crystals of plagioclase. With a pocket lens numerous
minute laths of plagioclase can be recognized by their bright cleavage
faces.

Thin sections of the rock show that it is made up in large part of
small, thin laths of plagioclase, arranged nearly parallel from flow
and embedded in a smaller amount of glass that is clouded with
opacite and with incipient crystallization. Augite grains and prisms
are rather abundant, and olivine was originally about equally abun-
dant but is now altered to a rather strongly birefracting fibrous ser-
pentine. The plagioclase crystals are labradorite. The usual apatite
and black iron ore are present. The rock is fairly fresh except for
the serpentinization of the olivine and the deposition of a little
secondary calcite.

4 Ridgway’s 23"""'k.
@ Ridgway’s 23"'".
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HORNBLENDE-QUARTZ LATITE PORPHYRY.

A quartz latite porphyry rich in hornblende and poor in biotite
and distinctly nearer the andesites than the quartz latite porphyry that
is present in dikes near Sunnyside was found only in the underground
workings along the Amethyst fault and is everywhere much altered.
. It originally contained about 30 per cent of phenocrysts as much as
3 millimeters long, chiefly of plagioclase with considerable hornblende
and a little biotite. The hornblende and biotite were much resorbed.
The groundmass is made up of plagioclase laths in a very fine aggre-
gate of quartz and orthoclase. The hornblende is now ¢ompletely
altered to chlorite, carbonate, and iron oxide, and the plagioclase is
also much altered and now consists of albite and oligoclase.



CHAPTER VIII.—QUATERNARY DEPOSITS.
SIGNIFICANCE.

A comprehensive knowledge of the topography and of the Quater-
- nary deposits of this area is important to the geologist, as it enables
him to interpret more or less imperfectly the geologically recent
history of the area, such as the extent and character of the glaciation
and the carving out of the present mountains and valleys. Such a
knowledge should also be of considerable value to the miners and
prospectors, as it aids in an understanding of enrichment, of the
disappearance of some veins along the strike, such as the Amethyst
vein to the north, and of other important features of the ore deposits.
In the early days of the Creede camp it would have enabled the pros-
pectors and operators to avoid the useless driving of tunnels and
shafts into the terminal moraines or great landslides.

As may be seen on the geologic map of Creede and vicinity (Pl. IT),
Quaternary deposits cover considerable tracts in this area. On the
basis of their origin and relative age they have been divided on the
map into & number of units.

The earliest of these deposits, with the possible exception of some
gravel deposits near Bachelor, comprise the terminal moraines of the
earlier glaciers and their outwash deposits, which are probably repre-
sented by the upper terrace deposits. Next were formed the moraines
of the later glaciers and their outwash benches. Nearly or quite all
the landslides occurred later than the glaciation. The alluvial fans
and other deposits of alluvium are in large part recent and have been
enlarged and modified up to the present time.

MORAINES.

DISTRIBUTION.

Thousands of years ago (though geologically only one short period
ago) the high mountains and divide north of Creede were covered by
a great thickness of perennial snow. These great snow fields were
the gathering grounds for many glaciers, which occupied the upper
valleys of all the larger streams, such as Miners Creek, Rat Creek,
and both forks of Willow Creek. The glaciers in these streams did
not reach the valley of the Rio Grande but ended at an elevation of
10,000 feet. The glacier that occupied the upper basin of Rat Creek
and those of the two forks of Willow Creek came into the area shown
on the accompanying map (Pl II), but that of M.lners Creek ended

a mile or so northwest of that area.
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GLACIAL TOPOGRAPHY.

In going up any of the main streams, such as West Willow Creek,
one is struck by the marked change in the character of the valleys in
passing from the lower unglaciated to the upper glaciated part.
Below the glaciation the valleys are all strikingly V-shaped canyons,
with steep rock walls coming to a sharp angle in the creek bed. In
‘the glaciated part the valleys open up and have almost continuous,
nearly flat parks and meadows near the streams. They are‘U-shaped
in cross sectlon, in contrast to the V-shaped lower unglacmted parts,
This contrast is shown in Plate IV (p. 3).

TWO STAGES OF GLACIATION.

Three stages of glaciation in the Quaternary period have been
recognized in the San Juan Mountains.®® Iach of these stages cov-
ered a long time and in each the glaciers crept down the valley and
then gradually receded. After a long interval the glaciers again
increased in size and the next stage began. Only two of these stages
have been recognized near Creede, and their deposits are not easily
distinguished from each other.

EARLIER MORAINES.

The earlier glacier of Rat Creek probably ended northeast of Mac-
Kenzie Mountain, and the gently sloping, hummocky area just north
of the hill with the 10,800-foot contour, which is about half a mile
northeast of MacKenzie Mountain, represents its terminal moraine.
The numerous large landslides of this area have masked the glacial
material to a considerable extent. In West Willow Creek the earlier
glacier reached nearly to the mouth of Nelson Creek and may have
crossed the ridge into Nelson Creek. Its terminal moraine has the
usual hummocky, imperfectly drained surface, but it is not 'so well
preserved as that of the later glacier. The separation of the two
moraines is only approximate. The earlier glacier reached nearly or -
quite to Phoenix Park in East Willow Creek, and its morainal mate-
rial extends for only a short distance up the creek before being covered
by the later moraine.

LATER MORAINES.

In the Creede area the later glaciers reached within a mile or so
of the maximum extension of the earlier glaciers. Their terminal
moraines are somewhat better preserved than those of the earlier
stage and in general are but little modified and have the hummocky
surface, the lack of drainage, and the numerous ponds and lakes char-

4 Atwood, W. W, and Mather, K. F., The evidence of three distinct epochs in the Pleistocene history
-of the San Juan Mountains, Colo.: Jour. Geology, vol. 20, pp. 385-409, 1912,
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acteristic of glacial moraines. In Rat Creek much of the area of the
moraine is on steep hillsides, but in both forks of Willow Creek con-
siderable areas have little relief.

CHARACTER OF MATERIAL.

Gravels make up nearly all the morainal deposits. The pebbles are
of the volcanic rock from the upper part of the drainage basins, are
well worn, and are in large part rather fresh. Many are flat, and some
show typical glacial striations, although on the whole they are not
of such a character as to preserve the markings well.

POSTGLACIAL EROSION.

Since the disappearance of the glacial ice the agents of erosion have
been active but have as yet modified the canyons but little. About
half a mile southeast of the northeast corner of the area included in
the map East Willow Creek is in a canyon about 100 feet deep, with
a nearly vertical wall of quartz latite on the east and steep slopes in
the glacial débris on the west. This is an exceptionally deep post-
glacial canyon, and is very local and cut in comparatively soft rocks.
In most places the postglacial erosion has been slight.

ECONOMIC CONSIDERATIONS.

Much prospecting has been done in the glacial material, especially
along West Willow Creek. Few of the prospects have reached bed-
rock, as the glacial cover has a considerable thickness even where it
was deposited against steep hillsides. Anyone prospecting in this
material should understand that the mineral veins do not extend into
the glacial deposits; that the glacial débris varies greatly in thick-
ness and is in most places more than a thin mantle, and that it was
deposited in a valley comparable in form to the present valley but
somewhat deeper. Tunnels, especially in the flatter parts of the sur-
face, will generally have to be run for considerable distances before
bedrock is reached.

TERRACE GRAVELS.

In the valley of the Rio Grande to the south of the Creede area
and in the lower parts of the smaller valleys are two rather prominent
gravel-covered terraces respectively about 50 and 100 feet above the
streams. These terraces are remnants of older valleys, somewhat
higher than the present valleys and considerably broader. The upper
terrace was probably formed during the earlier glacial stage by the
streams that emerged from the lower ends of the glaciers as a result
of the melting of the ice. The lower terrace was probably formed
during the later glacial stage.
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In addition to the two rather prominent and nearly continuous ter-
races the area contains remnants of higher gravel-covered terraces.
These gravel terraces were found only on the lower parts of the streams
and are in large part cut in the softer rocks. They extend up the
valley of Rat Creek for some distance. The details of their distribu-
tion are shown on Plate II. As topographic features they are rather
prominent, especially in the valley of the Rio Grande just .south of
the area included on the map. They form rather gently dipping
benches on both sides of the river and have been dissected by the
larger gullies. The benches are covered with gravels made up of
well-rounded boulders with considerable finer material, and probably
represent material carried down from the glaciers.

LANDSLIDES. -
GENERAL FEATURES.

In the Creede area, as in other parts of the San Juan Mountains,
landslides are abundant and some are of considerable size. Favor-
able conditions for their development are afforded by steep slopes
in which rather thick lava flows overlie soft tuffs; slopes carved on
thick flows that rest on harder rocks—for example, the lower rhyo-
litess—are not favorable. In general, the slopes of the canyons
of the four main streams are very steep, and the glaciated parts are
especially favorable for landslides. ‘

Landslides were no doubt formed before the glaciation of the
region, but the greater part, at least of those shown on the map, are
postglacial, and their formation has continued to the present time.

In the mapping those bodies have been considered landslides which
were formed by large masses of rock moving down the slopes more
or less as units. In some landslides a great mass of rock broke from
the top of a mountain and moved rapidly down the slopes; in many
the movement took place in stages. Some of the areas mapped as
landslides represent aggregates of a number of small slides. Near
the mouth of the Nelson tunnel the material is merely talus. In
their surface forms landslides, like glacial moraines, are characterized
by hummocks, lakelets, and imperfect drainage. However, the
sags and ridges of landslides are lateral to the valleys, while those of
moraines are transverse; moreover, landslides commonly show
jagged cliffs, pinnacles, and similar forms.

The material that makes up a landslide is derived from the slopes
above,commonly from a few bodies of rock or even a single body—
the harder rock near the crest of the mountain. The fragments are
characteristically angular, and some are hundredsof feet across. There
is no sorting, and the arrangement is prominently chaotic. Some
of the great blocks resemble cliff outcrops of rock in place except for
their inconsistent structure and relations and general ‘“jumbled
up’’ arrangement.
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DISTRIBUTION.

The distribution of landslides is shown on Plate II, and only a few
special features will be discussed here. No attempt has been made
to map any but the larger bodies. The large slide northwest of Bull-
dog Mountain was formed by the slumping of great blocks of the
thick, resistant flow of tridymite latite, which is here underlain by
soft beds of tuff. It is made up of exceptionally large blocks, some
of which give nearly vertical cliffs of the latite, but little broken and
as much as 100 feet in height. However, the chaotic arrangement
and the undrained, hummocky topography are characteristically
those of a landslide area. '

The landslide southwest of Nelson Mountain is made up in large
part of the IMisher quartz latite tuff and has some of the character-
istics of a mud flow. The material moved down the slopes while
soft and acted in some measure as a fluid mixture of rock and water.

The long body southwest of Mammoth Mountain might be called
a rock stream. It came from the great cliffs of the Willow Creek
rhyolite. The rock mass that broke from the cliffs readily crumbled
into small fragments and flowed down the small gully, much as a
large mass of crushed rock or coal flows down a chute of gentle in-
cline, forming a crumpled, hummocky surface.

ECONOMIC CONSIDERATIONS.

Considerable prospecting has been done in the landslides, notably
east of Deerhorn Creek. IEvidently any bodies of ore found in a
landslide will be small and discontinuous, and the ledges in place
from which they came will be on the slopes above. If the object of
the prospecting is to uncover a vein in the bedrock beneath the slide
rock, an estimate of the thickness of the mantle of slide rock is im-
portant. The thickness of nearly all the landslide material indi-
cated on the geologic map (PL. IT) is probably to be measured in tens
of feet and that of much of it in hundreds of feet.

TALUS.

Accumulations of rock débris at the bases of steep slopes from the
weathering of the rock above cover considerable areas and obscure
the bedrock in many places. No attempt has been made to map
these consistently, as they are by nature indefinite bodies. The
large talus accumulations above the Nelson tunnel prevented a
satisfactory interpretation of the bedrock geology and are indicated
on the geologic map (Pl II) in the same pattern as the landslides.

ALLUVIAL FANS.

Where the smaller streams and gulches reach the valleys of the
larger streams at torrentinl stages they deposit their loads of sand
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and rock, which accumulate as more or less conical or fan-shaped

bodies called alluvial fans. These fans, which have been separated
in a general way from the main ailuvium, are found chiefly in the
area of gentler topography near the valley of the Rio Grande.

ALLUVIUM.

The alluvium as here mapped includes the recent deposits of the
present streams, except the alluvial fans. Most of it is ordinary
stream wash of sands and gravels and is but little above the present
stream channel. It is confined almost entirely to the lower courses.
and upper glaciated portions of the streams, as the canyons are too
sharp and the stream gradients too steep for its extensive accumu-
lation elsewhere.

The body on Rat Creek about a mile northwest of Bulldog Moun-
tain represents the filling of a small lake formed by the large land-
slide from the east.



CHAPrTER IX.—STRUCTURE.

The mountains for many miles on all sides of Creede are made up
of volcanic rocks of much the same character and belonging to the
same general volcanic era. Their structure is simple on the whole,
and it is characterized by gentle tilting toward the Rio Grande and
by a few zones or areas of block faulting. The Creede mining district
embraces part of such a faulted area.

In a number of places the rocks near the faults or between two
faults show considerable dips and have evidently been tilted during
the faulting. In others, as at the north end of the Alpha fault, the
faults appear to merge into zones of steep dip, probably associated
with more or less minor faulting. Except in the immediate vicinity -
of the faults the rocks lie nearly flat and probably dip gently toward
the south.

FAULTING.

DIFFICULTIES IN DETECTING FAULTS.

Considerable difficulty was experienced in locating and interpreting
the faults in this area, chiefly on account of the great and varying
thickness of nearly all the rock bodies, the lack of regular bedding
planes and horizon markers, the common pinching out within a very
short distance of one or more of the geologic units, the general lack of
a regular and persistent succession of rocks, the marked irregularities
at the bases of a large number of the rock bodies, the cover of Quater-
nary material on critical areas, and in places the difficulty of distin- -
guishing between some of the rocks. The irregular character of the
faulting has added to the difficulty. A glance at the geologic map
(Pl. II) will amply illustrate most of these points. However, a
satisfactory interpretation of nearly all the major faulting is made
possible by the great relief, the comparatively good natural exposures,
and the considerable amount of prospecting. Although some points,
such as the northern extension of the Amethyst fault, have not been
settled beyond doubt, the mapping on Plate II is believed to be
essentially correct.

GENERAL CHARACTER OF FAULTING.

Most of the major faults are normal faults and strike a little west
of north. The: Amethyst fault and the Solomon-Ridge fault dip
steeply west; the Bulldog Mountain and Alpha faults dip east. The
block northeast of the Corsair mine is bounded by a nearly vertical

85
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northwest fault and by a poorly exposed southeast fault. South of
the Commodore mine the Amethyst fault breaks up into a number of
faults with varying strike, but their general course is considerably
more to the east than that of the main fault. The great Equity
fault strikes nearly east and dips very steeply north; it is the only
reverse fault that has been recognized in the area mapped.

In general brecciation of the walls adjacent to the faults is not
extensive, and commonly the walls are clear cut and slickensided.
Not uncommonly, however, as in the Amethyst fault at the Commo-
dore mine and in the Ridge fault near the Ridge and Solomon mine,
the faults branch, forming large horses, or bodies of rock inclosed
between two branches.

One of the most striking characteristics of the faults is the manner
in which they die out along the strike. The great Amethyst fault,

southeast of the Commodore mine, breaks up into a number of faults,
“some of which have throws of over 1,000 feet. North of the Park
Regent miné the throw of the Amethyst fault is believed to decrease
rapidly and is probably not great south of the Equity mine, but here
the great Equity fault joins it, and beyond the junction it again has a
great throw for some miles; farther north it has not been recognized.

The Alpha and Ridge faults pass into folds at their north extremi-
ties, probably with considerable fracturing, and are lost. Some
faults, as the Equity at its west extremity, end abruptly against other
faults. Sharp turns are not uncommon, as in the Amethyst fault at
the Commodore mine and the Alpha fault near the Kreutzer mine.

AGE.

~ Nearly or quite all the faulting is believed to have taken place at
about the same period in the history of the region, and it is probable
that the chief displacement occurred during a rather brief geologic
epoch. This epoch preceded metallization. However, minor move-
ments have taken place since the metallization, as is indicated by
some crushing and slickensiding of the vein material in nearly all the
veins. The age of all the faults can not be positively determined,
owing to the meager distribution of the later volcanic rocks. But
the Alpha fault cuts both the Fisher quartz latite and the intrusive
quartz latite porphyry, and no fault is interrupted by later igneous
rocks. The Amethyst fault is known to cut the Creede formation.
It is therefore probable that at least the major faulting took place
after the extrusion of the youngest volcanic rocks of the area.
However, in the surrounding country there is a considerable thick-
ness of volcanic rocks younger than any in the area here described. The
Fisher quartz latite represents only the base of a considerable thick-
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ness of related flows and breccia beds, and at least one later group of
rocks is known. It is not necessary to assume that the faulting is
later than these younger volcanic rocks, and it may have occurred in
one of the more recent periods of volcanism whose products are not
preserved in the Creede area, if they were ever formed there.

The faulting took place long before the glaciation. Indeed, since
the faulting erosion has removed a thickness of rock measured in
thousands of feet. This is evident from an examination of the geo-
logic map (Pl. IT). Faulting that takes place rapidly and reaches the
earth’s surface must develop along the outcrop an escarpment in
which the surface of the upthrown side of the fault is raised relative
to that of the downthrown side by an amount equal to the throw of

the fault. Although the Alpha, Equity, and Amethyst faults and the -

three faults east of North Creede all have throws of over 1,000 feet,
they have no escarpments and they affect the topography only in so
far as they bring together rocks of different hardness. For example,
East Willow Creek crosses the extension of the Amethyst fault at a
point where the throw is about 1,500 feet, yet there is no change in
the gradient of the stream. To permit this condition erosion must
have removed 1,500 feet more of rock on the north side of the fault
than on the south side. At the time of the faulting the topography
therefore must have been very different from the present topography,
and the faulting must have taken place at a time before the present
drainage system came into existence, or at least when it was very
youthful. In this connection it must be remembered that a consid-
- erable thickness of volcanic rocks younger than any found about
Creede is present in surrounding areas and was probably once present
in this area. _

A glance at the geologic map (Pl. II) shows that many of the faults
parallel the main stream and suggests a close relation between the
two. However, the faults strike a little east of south, and the natural
course of the stream is directly toward the Rio Grande valley, which
is southeast. There is no evidence that the faults have diverted the
streams from their normal courses.

Comparatively small areas, much broken up by block faulting,
chiefly of the normal type but with a few reverse fau(lts, surrounded
for considerable distances by nearly flat rocks in which notable
faulting is almost entirely absent, are common in great volcanic
regions, and in many such regions the geologic relations indicate that
the faulting was more or less closely related to the igneous or volcanic
activity. The faulting about Creede was of this character and is
believed to have taken place late in the period of igneous activity and
before the existing mountains and canyons of the region were
developed.

105719—23——T7
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MINERALIZATION ALONG FAULTS.

Nearly all the faults of the region show some mineralization, and
nearly all the ore produced has come from veins along faults. The
chief production has come from the Amethyst vein, which is along the
major fault of the area. The ore produced at the Sunnyside camp
came from the vein along the Alpha fault; the Solomon, Ridge, and
Holy Moses mines are along the Solomon-Ridge fault; and the Equity
mine is along the great Equity fault. Of the five major faults or
~ fault systems, the Bulldog Mountain fault is the only one that has -
produced no ore.

The chief production of the region has come from the Amethyst
vein, between the south end line of the Bachelor claim and the north
énd line of the Park Regent claim. North of the Park Regent the
vein has not been located, and in the network of faults into which the
Amethyst fault breaks southeast of the Commodore mine no large
ore bodies have yet been discovered.

AMETHYST FAULT. SYSTEM.

The Amethyst fault system is the most prominent structural
feature of the region, and it gains additional importance from the
fact that the productive Amethyst vein lies along it. It is here,
somewhat arbitrarily, taken to embrace the main fault between the
Bachelor and Park Regent mines, the network of faults extending
south and southeast of the Bachelor mine, to and beyond Mammoth
Mountain, and the poorly exposed system of faulting from the
Captive Inca shaft to and beyond the Equity mine. Strictly the
Equity fault might be considered a part of this system, but it is
discussed separately.

North of the Commodore mine the Amethyst fault is a clean-cut
nearly straight fault with a strike of about N. 23° W. and a dip of
about 50°-70° W. At the surface the western or hanging wall is
the upper member of the Creede formation in the southern part and
the Windy Gulch rhyolite breccia in the narthern part; only a few
hundred feet below the surface, in the underground workings, the
hanging wall is the Campbell Mountain rhyolite, and this continues
to the Nelson tunnel level. The throw must therefore be at least
1,400 feet. In that part of the fault which is north of the branch
north of the Commodore mine there are no sharp changes in direction
of the fault plane, and no branching faults of any considerable
size have been recognized except a possible fault of unknown throw
in the hanging wall just south of the Last Chance mine. In the
Last Chance and New York mines there is a great amount of fissuring
ana crushing of the hanging-wall rocks. Throughout this distance
exposures are fairly good. In Plate IV, 4 (p. 3), the position of
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the fault is indicatéd by the large dumps about the shafts of the
principal mines of the district.

North of the south end line of the Commodore claim the fault
branches toward the south. The details of this faulting are shown
on Plates I, IT, and XII and figure 18. The main branch is on the
west, and the combined throw is at least 1,000 feet and probably
much more.

The two branches come together again near the south end of the
Bachelor mine. To the southeast exposures are poor, but there
must be a great fault, striking nearly southeast and well exposed
at only one small outerop about halfway between the Nelson tunnel
and the portal of the adit which on the map is designated the Com-
modore mine. Beyond this there are no surface exposures west of
West Willow Creek. Farther south and east there is a network of
related faults, and no one of them alone can be considered the con-
tinuation of the Amethyst fault.

A great fault with a throw of about 1,500 feet crosses the nose of
the ridge between the forks of Willow Creek. It strikes about S.
60° E. and has asteep dip. It is indicated chiefly by the manner in
which the Campbell Mountain rhyolite abuts against the Willow
Creek rhyolite, but it is poorly exposed in one tunnel, on the east
side of the ridge. This fault continues with about the same course
and crosses the ridge south of Mammoth Mountain. In some of the
tunnels where it is best exposed it shows considerable brecciation in
the hanging-wall rock and some mineralization. Where it sepa-
rates the Campbell Mountain and Willow Creek rhyolites its position
is approximately shown by the abrupt change from the cliffs of the
Willow Creek rhyolite to the gentle talus-covered slopes of the Camp-
bell Mountain rhyolite. Southwest of Mammoth Mountain, however,
it joins at an acute angle a fault which lies south of it and which has
a large throw in the oppesite direction. East of this junction the
fault probably continues to and beyond the east boundary of the area
included on the map but with a throw that is probably not more
than 200 feet.

The southern of these two faults can nowhere be clearly seen, but
the rocks near the fault on both sides are well exposed, and its posi-
tion is indicated by a change from the cliff-like outcrops of the Willow
Creek rhyolite on the south to the gentler talus-covered slopes of the
Campbell Mountain rhyolite on the north. It strikes about S. 70° E.
and has a downthrow on the north side estimated at several hundred
feet. Its dip is not known, but it probably stands nearly vertical.
This and the fault to the north leave a narrow sharp-pointed wedge
of the Campbell Mountain rhyolite surrounded by the Willow Creek
rhyolite. This triangular block is bounded on the west by a third
great fault with downthrow on the west side. This third fault
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strikes a little east of south. It is nowhere well exposed, but its
presence east of East Willow Creek is shown by the Campbell Moun-
tain rhyolite forming gentle slopes at the base of great cliffs of the
Willow Creek rhyolite. Its position could not be accurately located,
especially south of East Willow Creek, as talus covers much of this
area. Where it crosses the creek it has a throw of about 1,000 feet,
and beyond the point where the fault that trends S. 70° E. joins it
the throw is increased to about 1,500 feet. Toward the south, after
being joined by a number of small cross faults, it is covered by land-
slide and talus. It is believed that this fault rapidly decreases in
throw toward the south, partly by tilting of the fault blocks, partly
by the cross faulting, but it probably does not die out before reaching
the Creede formation, although it was not located in that formation.

To the west of this north-south fault are four cross faults with
throws as.great as 250 feet or more, as shown on the geologic map
(P1.II). These faults were located largely by the displacement of the
base of the Campbell Mountain rhyolite.

The three faults on the opposite side of Willow Creek are all of
small throw. That just north of Windy Gulch, forming the south
boundary of the Campbell Mountain rhyolite, is shown in a few
prospect pits. It hasa throw of less than a hundred feet. The other
two faults are indicated chiefly by slight displacement of the intrusive
rhyolite. -

Just west of West Willow Creek, extending southward from the
main Amethyst fault, there is probably a fault of considerable throw.
This fault is indicated by the fact that on the east side of West
Willow Creek the base of the Campbell Mountain rhyolite is nearly
flat and at an elevation of about 9,050 feet, whereas on the west side
of the creek, less than a quarter of a mile away, it is at an elevation
of 9,750 feet. Moreover, in the Nelson tunnel a few hundred feet
from the portal the Campbell Mountain rhyolite forms the hanging
wall of the vein, although on the hill to the west its base is about
400 feet higher.

The northern extension of the Amethyst fault beyond the Park
Regent mine can not be so positively determined, owing to the lack
of exposures at critical places over much of the area and to some
uncertainties in the interpretation of the bedrock geology west of
Deerhorn Creek. From the Happy Thought shaft to Deerhorn Creek
the glacial moraine covers the bedrock nearly everywhere, and for
half a mile beyond the creek landslide material covers the line of the
fault. Beyond the Park Regent mine there are only a few prospect
shafts that show bedrock, and the interpretation of the geology of
this area is based on data procured from these shafts and from a
single outcrop. "
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A short distance north of the Park Regent shaft numerous surface
prospects and the underground workings show that the fault turns
rather sharply to the east and strikes nearly due north. This strike
probably does not continue far, because there is no place on Nelson
Mountain or to the west as far as the main branch of Deerhorn Creek
where a fault of any considerable throw could pass without being
recognized, and no such fault was observed. Nelson Mountain
itself shows good exposures and is made up of rather regular alter-
nating flows and tuff beds, in which a fault of even small throw could
easily be recognized. To the west of Nelson Mountain, at an eleva-
tion of 11,500 feet and near the north border of the area included on
the map, there is an abrupt change in the bedrock and a large area of
the Equity quartz latite is exposed. This rock is not found farther

southeast. It is separated from the other rocks of the Alboroto
group to the southeast by a considerable landslide, and its relations
here are not entirely clear. However, it is a part of a great flow, or
perhaps of several great flows, which extend northward to the Equity
mine and here clearly overlie the Campbell Mountain rhyolite.
North and northwest of Nelson Mountain this quartz latite clearly
underlies the tuffs and flows that form the upper slopes of the moun-
tain, and if the latite is separated from the tuffs and flows by a fault
on the west slope the fault can have only a small throw. The down-
thrown side, moreover, would be on the east instead of on the west,
as in the Amethyst fault. A fault might pass into this thick quartz
latite series, but no evidence of such a fault was found, and a fault
with a throw comparable to that of the Amethyst fault should bring
down some of the higher rocks to the west or otherwise indicate its
presence. ,

There is some evidence as to the position of the Amethyst fault in
this moraine-covered area. In the bed of West Willow Creek just
west of the point where the road crosses the creek there is a fair
outcrop of the andesite, and a few hundred yards to the south are
some prospects that disclose the tuff and the andesite. This area is
therefore similar to the isolated area of good exposures just northwest
of the mouth of Deerhorn Creek and belongs in the Piedra group. The
shallow shaft about 200 yards southeast of this road crossing (see
P1. II) brings up only altered rhyolite of a type that can be identified
with reasonable certainty as belonging to the Willow Creek rhyolite.
The main fault can therefore be placed with fair assurance between
the road and this shaft.

Farther north, beyond Deerhorn Creek, the only probable position
for a fault is between the rocks of the Piedra and Alboroto groups.
The contact is nowhere well shown in this area, but more or less altera-
tion and mineralization along this line indicate a fault as does also
the nearly straight contact with the rocks of the Piedra group below
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steep slopes of rocks of the Alboroto group. The contact is not in
itself conclusive evidence of a fault, as similar relations elsewhere
aré due to the very rugged surface over which the rocks of the Piedra
group were extruded. However, a fault of considerable throw is
believed to separate these two groups and is so shown on the geologic
map (Pl II).

This fault probably forks at about the crest of the ridge; one
branch separates the rocks of the Piedra and Alboroto groups and
the other passes into the Equity latite. This second branch is
indicated largely from the relations of the rocks near the bed of West
Willow Creek just below the Equity mine. The rocks of this area
are all of the Alboroto group. In the creek bed there are good ex-
posures of the Equity latite, but on the steep slopes to the east the
base of this formation is about 100 feet above the creek bed. This
relation continues to the Equity fault, which ends against the north-
south fault. North of the Equity fault the throw of the north-south
fault is much greater. This fault brings the Willow Creek rhyelite
against the Equity latite. It continues just east of the creek bed fora -
mile or more to the north, but it probably dies out a short distance
farther on in that direction, as it could not be found on the divide
at the head of the creek. Its position is shown by an inconspicuous
series of flats and sags along its line, which are no doubt erosional
features and are due to the softness of the rhyolite to the east as
compared with the latite to the west.

The displacement of the Amethyst fault or of the fault zone of
West Willow Creek near Deerhorn Creek is probably not great, as the
base of the Nelson Mountain quartz latite is at an elevation of about

11,600 feet on the west side of the valley and on Nelson Mountain,
whereas 1§ miles away it is at 11,900 feet, a difference of only 300
feet. The base of this flow is fairly level and regular on both sides

of the creek.
EQUITY FAULT.

The Equity fault is one of the few structural features of this area
that stand out clearly enough to be correctly interpreted from a
hurried examination. South of the fault the Equity latite gives the
rugged outcrops and broken cliffs of a hard, resistant rock. To the
north along the fault line, which runs straight up the hill over very
steep slopes for more than 1,000 feet, outcrops of this type give place
abruptly to steep grass-covered or talus-covered slopes of the Willow
Creek and Campbell Mountain rhyolites. A zone of white and iron-
stained rock follows the fault plane. The fault is shown in Plate VIII,
A, which is a reproduction of a photograph taken from a point on
the road opposite the Equity tunnel. The fault, which is reversed,
strikes a little south of east and dips steeply to the north. In the
area discussed in this report it is entirely in rocks of the Alboroto
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group. The footwall on the south consists of the Campbell Moun-
tain rhyolite near the creek bed but in great part of the Equity latite.
The north wall consists of the Willow Creek rhyolite in the lower
slopes and the Campbell Mountain rhyolite on the upper slopes. A
quarter of a mile north of the place where the fault crosses the ridge
between West Willow and Deerhorn creeks, and at an elevation only
100 feet or so higher, the Equity latite overlies the Campbell Moun-
tain rhyolite. The throw of the fault is about 1,200 feet, as measured
by the displacement of the base of the Equity latite.

The Equity fault ends on the west against the Amethyst fault,
just east of West Willow Creek. To the east it crosses Deerhorn
Creek and passes into the drainage area of East Willow Creek but
with a much diminished throw.

There is considerable brecciation and mineralization along this
fault, and in the Equity mine, from which the fault is named, a
vein along it is worked. '

FAULT BLOCK OF MAMMOTH MOUNTAIN.

On Mammoth Mountain there are three faults that may be closely
related to the Amethyst system. They form a part of the boundary
of the body of Campbell Mountain rhyolite. (See Pl. II.) The east-
west fault on the north is probably the largest and has a throw
estimated at 500 feet. It is well exposed only in the cliffs on the
west slope of the mountain, where it is nearly vertical. It separates
the Willow Creek rhyolite from the Campbell Mountain rhyolite and
farther east from the Mammoth Mountain rhyolite.

The fault that separates the Willow Creek rhyolite on the west
from the Campbell Mountain rhyolite is well exposed in the cliffs
at its northern part. Its throw is at least 100 feet and is probably
not much greater.

The third fault of this group separates the rhyolites of the Alboroto
group from the Mammoth Mountain rhyolite and runs into the east-
west fault. This fault is somewhat uncertain, as the only evidence
of its presence is the form of the contact, and this may be accounted
for as due to the great irregularity at the base of the Piedra group.
The throw of this fault is unknown but is probably considerable.

BULLDOG MOUNTAIN FAULT.

West of Windy Gulch is a fault that strikes a little west of north
and dips about 50° E. On the east slope of Bulldog Mountain it
displaces the base of the andesite about 200 feet. To the south it
dies out or is lost in the poorly exposed Windy Gulch rhyolite breccia;
to the north it can be followed more or less continuously to the Rat
Creek road. Its throw decreases toward the north, and it dis-
appears in the tuff. There has been some prospecting along this
fault, but where exposed it is not strongly mineralized.
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SOLOMON-RIDGE FAULT.

The Solomon-Ridge fault is west of East Willow Creek. It has a
small throw but is economically important because along it are the
veins of the Solomon, Ridge, and Holy Moses mines. It strikes a
few degrees west of north and dips steeply to the west. The down-
thrown side is on the west, and the displacement is probably only
a few hundred feet. To the south it has been recognized only &
few hundred yards south of the Solomon tunnel. Near the Solomon
tunnel it branches, but the two branches come together again north
of the Ridge mine. It was followed northward to a point nearly
a mile north of the Holy Moses mine and is lost on the slopes west
of Phoenix Park, in an area where exposures are very poor and
interpretation of the geology somewhat uncertain. This area shows
some fracturing and mineralization, which are probably related to

the Ridge fault.
ALPHA FAULT.

The Alpha fault, east of Miners Creek, is characteristically crooked.
Along it are the Alpha, Corsair, and Kreutzer mines, and north of
the sharp turn at the Kreutzer mine it has been prospected nearly
‘to the crest of MacKenzie Mountain.

In its southern part between the Alpha and Kreutzer mines its
average strike is about N. 31° W., and it dips 54°-65° E. The
hanging wall is commonly much fractured. The fault throws down
the Campbell Mountain rhyolite on the east against the Willow
Creek rhyolite. The displacement along the fault in this southern
part is not known but is believed not to be great. A narrow much-
fractured dike of quartz latite porphyry forms the southwest wall
in parts of the Alpha mine; a little to the north a similar dike forms
the northeast wall and is probably the same dike, indicating a con-
siderable movement of the east wall to the north. A little farther
north another dike of the same rock forms the east wall of the fault
for a considerable distance. The relation of these dikes to the
faulting is not entirely clear, but some, possibly all, of the faulting
is later than the dikes.

A few hundred yards south of the Kreutzer mine a very poorly
exposed cross fault joins the main fault from the east. Its exact
relations are uncertain, as it has not perceptibly displaced the quartz
latite dike, although it is believed to have crossed the dike. If the
dike formed a nearly countinuous thin layer on the hanging wall of the
main fault, as it appears to do on the surface, a moderate displacement
by a cross fault might not be perceptible in a poorly exposed area.
The throw of this fault is not known, but it is believed that the north
side has been dropped several hundred feet near the Alpha fault and
that this displacement rapidly decreases to the east. It therefore
gives the Alpha fault an increased throw toward the north.
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At the Kreutzer mine the Alpha fault makes a sharp turn to the
north, and beyond the mine it has an average course of a few degrees
west of north; it dips steeply to the east. :

- TItis aremarkable fact that just north of the Kreutzer mine the top

of the Campbell Mountain rhyolite is dropped over 1,000 feet by this
fault, yet but a mile to the north, near the crest of the MacKenzie
Mountain ridge, the andesite is dropped but little. This great change
in the amount of displacement along the fault is explained by the dip
of the rocks lying to the east of the fault. Few of the rocks of this
area are of such a character as to afford opportunity for even rough
estimates of dips and strikes, but the relations are brought out clearly
by the mapping of the several rock bodies. (See PL. II.) Tt is evi-
dent that the flows west of the fault are nearly flat or dip gently to the
south, whereas those to the east, on the ridge of MacKenzie Mountain,
dip at a considerable angle to the southeast, but farther south their
dip swings toward the south, and in the wedge included in the angle
of the main fault and north of the cross fault (see P1. IT) they appar-
ently dip to the southwest.

North of MacKenzie Mountain the fault passes into an area covered
by Quaternary deposits and is lost. For a mile beyond, however, the
rocks show considerable tilting, which is no doubt related to the
faulting. This structure is best seen in the tridymite latite, in which
the flow lines are normally nearly or quite flat. In this area these
flow lines are especially well shown in the isolated body of tridymite
latite which lies west of the earlier glacial moraine. (See PI. II.)
This entire body dips to the east at 35°~40° on the upper part of the
slope and at somewhat smaller angles on the lower part, Indeed, this
slope is nearly a dip slope and is probably at about the top of the
tridymite latite, as the andesite appears on the northwest corner of
this outerop with its base at an elevation of 11,250 feet, and less than
half a mile to the east it is at an elevation of 10,450 feet. The Fisher
quartz latite is probably also affected by the structure above de-
scribed. Its base is nearly everywhere covered by landslide material,
but over nearly the whole of this area the top of the landslide laps
but little upon the latite, as is indicated by the exposure of the glassy
base of the latite at numerous places. No faulting was observed in
this area of steep dip, but minor faulting is probable; indeed, it is
difficult to conceive how, without fracturing, these sharp changes in
structure could take place in brittle rock which was under only a
moderate load.

This zone of steep dips has not been recognized as far north as the
later glacial moraines. It is a narrow strip, less than half a mile
wide and about 2 miles long.

About a mile or less to the east of this zone, on the east side of Rat
Creek, is an area of rocks which probably have considerable dips to the
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west, although the structure is not clearly shown and is indicated
chiefly by the form of contacts, which are nowhere regular, and by
the great vertical extent covered by the Windy Gulch rhyohte breccia.
These two belts would make a canoe-shaped syncline in the Rat
Creek basin, with the point of the canoe at about the south end of
the upper glacial moraine. The continuation of this zone of complex
structure to the north may account for the irregularities in the rela-
tions of the andesite and tridymite latite on Rat Creek, just south of
the northwest corner of the area included on the map. Exposures
are poor in this area, and no satisfactory interpretation of the struc-
ture could be made. To the south this syncline probably extends to
the fault east of the Corsair mine. This small structural basin is
bounded to a considerable extent by faults of large throw and is
probably associated with much minor faulting.

STRUCTURE NORTHEAST OF SUNNYSIDE.

Northeast of Sunnyside, as shown by the geologic map (Pl. II),
there is an area of block faulting, with tilted blocks. Poor exposures,
the irregular erosional surfaces that separate the formations, the
decomposition of the rocks, and their lack of development in their
most characteristic forms introduce some uncertainty into the
mapping and interpretation of the structure.

The rocks of this area are the Willow Creek and Campbell Moun-
tain rhyolites, the intrusive rhyolite, the hornblende-quartz latite, the
Windy Gulch rhyolite breccia, the tridymite latite, and the several
members of the Creede formation. Here the Campbell Mountain
rhyolite resembles both the underlying Willow Creek rhyohte and the -
overlying Windy Gulch rhyolite breccia, and separation is difficult.
The hornblende-quartz latite is poorly exposed and is not altogether
characteristic, but the tridymite latite is fairly characteristic, and the
rocks of the Creede formation, except for subordinate tuff in the
hornblende-quartz latite, are easﬂy distinguished.

A nearly vertical fault, which strikes about N. 40° E., forms the
northwest boundary of thlS area. On the west side of Rat Creek it
is poorly exposed and is somewhat uncertain, but from Rat Creek
toward the northeast it is easily followed. Just east of Rat Creek
its line is marked for several hundred yeards by low cliffs of the Willow
Creek rhyolite facing to the southeast (Pl. XI, A). The lower
slopes only a few feet northeast of these cliffs show fair exposures of
the tridymite latite, which is here soft and weathers into low pin-
nacles. The flow banding of this rock is cut off sharply by the cliff
of rhyolite, and prospects along the fault expose the contact at a
number of places. There is little mineralization. The throw of the
fault can not be estimated, but it is considerable near Rat Creek,
and it is believed to decrease rapidly to the northeast, as the latite
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dips to the southwest. No trace of this fault was seen south of the
Corsair mine, and it probably goes under the alluvium and is lost in
the alluvium and tuff. It may join the Alpha fault, and if so it
would increase the throw of that fault to the south. Toward the
northeast it can be followed nearly to the crest of the ridge, and it
must within a short distance die out or join a fault running southeast.
The southeast contact of this narrow strip of tridymite latite may
also be a fault. East of Rat Creek the nearly straight contact
cutting across the surface features suggests a fault, although in other
places normal contacts at the base of the lake beds are of this charac-
ter. The contact is indicated as normal on the map, for the facts can
be interpreted as well without assuming a fault to be present.
Five other faults, all of small throw, have been mapped in this

area. They have throws of 50 to a few hundred feet and probably
continue for no great distance along their strikes. The east-west
fault on the north boundary of the tridymite latite strip is nowhere
exposed, but its presence is reasonably certain from the form of this
contact. The way in which the Creede formation is displaced by the
eastérly extension of this fault indicates that the north block moved
to the west. The northeast boundary of the tridymite latite body
also is believed to be a fault, on account of the form of the contact.
- This fault probably continues to the northwest and joins the main
fault of this block. The two small faults that cut the hornblende-
quartz latite are well exposed in prospect pits. The supposed fault
bounding this latite on the northeast is nowhere exposed, and this
may be a normal contact.

*MINOR FAULTS.

In addition to the faults already described there are a large number
of faults and slips of uncertain but probably small throw. In some
the throw may be a hundred feet or even more, and they could be
consistently mapped in an area of comparatively regularly bedded
. rock but not without great difficulty and uncertainty in this area.
Only a few of these minor faults are indicated on the geologic map.



CHAPTER X.—ORE DEPOSITS.
GENERAL CHARACTER.

The ore deposits of the Creede district are silver-lead fissure veins
in rhyolite and fractured zones of silver ore in shattered rhyolite.
The total production, except a small amount, has been obtained from
the silver-lead fissure veins. These veins occupy strong fault fissures
and and in the main are extensive both vertically and along the strike.
They include the Amethyst, the Solomon-Holy Moses, the Alpha-
Corsair, the Mammoth, and several smaller lodes. All these veins
strike in the northwest quadrant, and the ma.]onty dip west or
southwest. _

Faulting has taken place on a large scale, as is indicated by slicken-
sided surfaces with abundant movement striae and at many places
by a lack of correspondence of the rocks on the two sides of veins.
‘The principal veins fill fissures along normal faults, and at some places,
particularly in the hanging-wall blocks, there are subordinate fissures
which join the principal faults in depth. Such relations indicate that
the hanging wall of a fault was shattered as it was drawn downward
by gravity along the footwall.

Some of the veins have been opened by movement since the ore
was deposited. The results of such movement in the Amethyst vein
are very pronounced. The ore itself is crossed by striated slicken-
sided planes, and locally the vein quartz with associated sulphides
forms a friction breccia. The ore minerals include zinc blende, argen-
tiferous galena, gold, pyrite, chalcopyrite, and their alteration prod-
ucts. The gangue minerals include quartz, much of it amethystine,
with chlorite, barite, and fluorite. The several veins show con-
siderable differences mineralogically. Hydrothermal metamorphism
is not so pronounced over wide areas as in many other mineralized
regions, but along the most productive portions of veins considerable
alteration has taken place. It is attended by silicification and the
development of some sericite. Locally the gangue contains much
thuringite, an iron-rich chlorite, and near the Amethyst vein adularia
has been noted in veinlets cutting rhyolite. Ribbon quartz and
symmetrically banded crusts are common, indicating deposition
locally in open spaces. For reasons that are mentioned on page 120,
it is thought that these veins have been deposited by ascending ther-
mal waters. As they cut rocks that are regarded as of Miocene age,
the deposits are Miocene or later.

In some of the deposits enrichment is pronounced. The rich
secondary ores extend downward to great depths, owing to the high
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relief of the area and consequent ample head of the solutions and to
the open character of the veins, all of which facilitate a rapid down-
ward circulation.

The fractured zones of silver ore in shattered rhyolite include the
deposits of the Mollie S. and Monte Carlo mines. The fractures and
joint planes of the rhyolite are filled with thin veinlets of green
chrysoprase and other green copper minerals and locally carry very
high percentages of silver., Argentite, cerargyrite, and native silver
are plastered on the walls of the thin, narrow cracks. Iron sulphides
are not abundant. The rhyolite along the veinlets is apparently
fresh and not greatly affected by hydrothermal metamorphism.
Deeper exploration has not exposed corresponding bodies of sulphide
ores, and it is possible that the rich ores of this class are genetically
related to the present topographic surface.

MINERALS OF THE DEPOSITS.

Quartz.—1It is shown by the numerous analyses of the ore ship-
ments that nearly all the ores carry from 60 to 80 per cent of silica.
Much of this, however, is in the rhyolite that is included in the ore.
Vein quartz is the most abundant mineral, although it is less con-
spicuous in some ores than barite and thuringite. Barite is more
prominent in the upper portions of the lodes and thuringite in the
lower portions, but quartz is abundant throughout the deposits.

Of the many varieties of quartz which are present, four are particu-
larly noteworthy. One of these is a dark-gray quartz, the color of
which is due to finely disseminated galena, pyrite, and sphalerite.
As a rule such material is ore. A second variety of quartz is milky
white or slightly turbid, and generally it is barren. Another variety
is of amethystine color, and the Amethyst, which is the principal
lode of the district, takes its name from this mineral. Amethystine
quartz is found in many of the d&posits. It is especially abundant
in the Amethyst vein and has been noted in the Mammoth and Over-
holt and very sparingly in the Corsair-Alpha. It is practically
unknown in the Solomon, and none was noted in the Mollie S,,
Monte Carlo, and Monon mines. Amethystine quartz occurs inter-
banded with the sulphides of the primary ores, and some ore of this
character is of good grade. Much of the amethystine quartz, how-
ever, especially that in the Amethyst and Last Chance mines, is
apparently later than the first period of ore deposition. It forms
crustified veins several inches thick which cut earlier ore, and at
some places fragments of metallic sulphide ore approximately an inch
in dimensions are surrounded by barren crustified amethystine quartz.
The coloring of amethystine quartz is commonly supposed to be due
to the presence of a small amount of manganese. A test made by
George Steiger in the laboratory of the Geological Survey of ame-
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thystine quartz from the Amethyst vein showed that it contained
only 0.0005 per cent of MnO. This is considerably less than is con-
tained in the rhyolites that form the walls of the vein. A fourth
variety of the quartz has apparently been deposited by descending
waters, for it forms banded crusts that alternate with chalcedony
and native silver. In ores of the Monte Carlo mine quartz crystals
are deposited on siderite. ‘

Barite.—Barite appears in considerable amounts at the outcrops
of nearly all the lodes near Creede. It has been noted wherever the
Amethyst vein is exposed at the surface, and it extends in abundance
to the deepestlevels of the Bachelor and Commodore mines. Analyses
of train loads of ore from these veins show 12 to 16 per cent of
BaSO,, and some shipments carry over 20 per cent. Barite is not
abundant in the deeper levels of the Last Chance and Amethyst
mines, and it is rarer still in the deeper levels of the Happy Thought
and Park Regent mines. It is common in veinlets or as a cement
in the breccias at a distance from the veins, especially about Windy
Gulch.

Some of the barite, especially that in the lower levels, is pure white,
but some near the outcrop is stained pink by iron oxide. On levels
5 and 6 of the Amethyst mine, about 250 feet north of the main shaft,
limonite ore carries crystals of barite in numerous fracture planes.
Broken pieces of the altered ore are coated with thinly spaced barite
crystals, some of which are more than an inch long. In the levels
below level 6 barite is less abundant. Barite has been noted also in
ores of the Mammoth, Exchequer, Mustang, Equity, Kreutzer, and
other mines. None was noted in the Mollie S. and Monte Carlo, and
only a little in the Alpha-Corsair lode. It is very sparingly present
in the upper levels of the Solomon-Holy Moses vein but was not noted
on the adit level of the Solomon mine, driven on that vein.

The barite is believed to be both primary and secondary in origin.
Analyses of rhyolite near the Amethyst vein show 0.49 per cent of
Ba0O. On weathering this could be dissolved as carbonate. In the
lodes, where the mineral waters carry sulphates, the insoluble barium
sulphate would be deposited.

Thuringite—Thuringite, an iron-rich chlorite, is one of the most
abundant gangue minerals in the Amethyst and Solomon lodes. It
is olive-green in color and occurs as small, thin, closely packed plates
and fibers, forming a green putty-like material which in general carries
small disseminated masses of sphalerite and galena. It oxidizes
readily and was not noted on outcrops or in the oxidized zones.
Little or no thuringite was noted at points as near as 500 feet to the
present surface. Flakes of red mica-like particles in the lower levels
of the Amethyst vein are thuringite altering to hematite or turgite.
Some of the limonite and manganese oxides in the higher levels are
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doubtless formed by the oxidation of thuringite. An analysis by
J. G. Fairchild of the chloritic material consisting of thuringite with
a very little quartz, taken from the north end of level 12, Amethyst
mine, is stated below (No. 1). For comparison, analyses of thuringite
from Harpers Ferry (No. 2) and Arkansas (No. 3) are also given.
The three analyses represent material that is very much alike. The
Creede mineral (No. 1) is lower in FeO and correspondingly high in

MgO and MnO.
Analyses of thuringite.

1 2 3 1 2 3
23.58 23.70
16.85 16.54
14.33 12.13
33.20 33.14
1,52 1.8

....................

99.74

An optical study of the thuringite from various parts of the Creede
district showed that it varies somewhat in its optical properties, and
it probably varies also in chemical composition. The material
analyzed is in very minute interwoven fibers with positive elongation
and optically negative character. The axial angle is moderate. It
is pleochroic and dark green parallel to the fibers (3 and v) and nearly
colorless normal thereto (a). The mean index of refraction is about
1.637 +0.005, and the birefringence is about 0.01. The fibers are too
small for a satisfactory optical study. A specimen of the mineral
from the Park Regent mine showed essentially the same optical
properties, but the indices of refraction are slightly higher (n=1.643).

A specimen from the Ridge mine is considerably paler in color, is
less strongly pleochroic, is a little more coarsely crystalline, and has
lower indices of refraction but is otherwise similar. It is optically
negative and has a moderate axial angle. X is normal to the fibers
and plates and is very pale green; Z and Y are a somewhat darker
olive-green. « = 1.59540.005. ¥ = 1.605+0.005. Another speci-
men from the Ridge mine is in very minute fibers and has a mean
index of refraction of about 1.585+0.005. A specimen from the
Solomon mine is similar but has a mean index of refraction of 1.617 +
0.005. These data indicate a moderate variation in composition.
The Ridge-Solomon mineral, with its lower index of refraction, is
probably higher in ALO, and MgO and lower in Fe,O, and FeO.
This thuringite approaches aphrosiderite or delessite in composition.
The analysis of the gouge from the Solomon mine (analysis 4, p. 119),
which was made up largely of chlorite but contained some quartz
and chalky, decomposed rhyolite, with here and there a flake of
sericite, confirms this conclusion.
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Adularia.—Thin veinlets composed of adularia, vein orthoclase,
and quartz cut the rhyolite wall rock of the Amethyst lode. These
veinlets are of milk-white color. As some of them inclose fragments
of altered rhyolite, it is believed that the deposition of adularia
possibly attended at least one phase of the mineralization of the area.
The great bulk of the ore, however, is free from adularia, which was
sought in many samples of the normal vein matter but not found.
The orthoclase associated with the chlorite ores seems to be the
original orthoclase of the rhyolite. Small veinlets of adularia are
found in the rhyolite that appears not to have been affected by
metalliferous solutions.

Rhodochrosite.—Rhodochrosite occurs very rarely in the ore of the
Amethyst vein. A small cluster of crystals lining a vug in the vein
was noted on the Nelson tunnel level in the Bachelor mine near the
point where the Bachelor vein joins the Amethyst fault.

Fluorite—A little white fluorite was noted on the dump of the
Holy Moses mine in material that was evidently taken from the
upper levels of the Solomon-Holy Moses vein. Fluorite was noted
also at the Solomon mill in the ore from the Solomon mine. No
fluorite was noted in the Amethyst lode. In a vein at Wagonwheel
Gap, 12 miles southeast of Creede, fluorite is abundant and has been
mined on a commercial scale.

Galena.—Galena is the most valuable ore of lead and probably the
only primary lead mineral in the Creede deposits. Much of the
galena shows conspicuously the characteristic perfect cubic cleav-
age. Some fine-grained varieties in which the cleavage is less evident
are termed steel galena by the miners. All the lead concentrates
carry silver. In the lower levels of the Amethyst and Park Regent
mines blocks of galena several feet square and 6 inches thick have
been mined. Most of the galena occurs, however, as thin bands
alternating with sphalerite and quartz, or as small masses dissemi-
nated in thuringite gangue. Paper-thin veinlets of galena cut the
rhyolite that forms the walls along the lodes; at some places small
specks of galena are embedded in the altered wall rock. Galena
alters to anglesite, cerusite, and pyromorphite.

Pyrite—Pyrite is Ppresent in the sulphide ores of all the lodes. It
"has been deposited in open spaces and as small crystals and masses
in the wall rock. It is not abundant in most of the ores. Analyses
of many shipments show less than 5 per cent of iron.

Sphalerite.—Sphalerite is one of the most abundant minerals in
unoxidized ores of the Amethyst and Solomon-Holy Moses veins,
and 1t has been noted in ores of the Alpha-Corsair vein. In the
lower levels of the Amethyst lode it is intergrown with galena, pyrite,
quartz, and other minerals. Some of the ore consists of alternating
bands of sphalerite and galena. Most of the sphalerite in the dis-
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trict 1s yellow or resinous in color, though dark varieties have been
noted. Sphalerite is more abundant in the Amethyst and Solomon
veins than in the Corsair-Alpha vein. In the Solomon vein in the
lower levels sphalerite is one of the principal ore minerals. In much
of the ore it occurs as small masses disseminated through the gangue.

Chalcopyrite—Chalcopyrite has been noted in small quantities in
the ores of the Amethyst, Solomon-Holy Moses, and Corsair-Alpha
lIodes. In the sulphide ores of this district that have been examined
it constitutés only a small fraction of 1 per cent.

Gold.—Gold as a primary mineral is probably included in pyrite,
galena, sphalerite, and other minerals in the Creede district. As a
primary mineral it is presumably very finely divided, for visible parti-
cles have not been identified in surroundings that suggest a primary
origin. Some of the lead concentrates are rich in gold. In these
concentrates, however, much of the gold is not intergrown with
galena, but in the method of concentration the gold and Talena come
from the tables together. The richest gold ore consists of gold in a
gangue of manganese oxide in veinlets cutting the older sulphides.
Ore with such veinlets may carry as much as 1 or 2 ounces of gold to
the ton, whereas the older primary ore carries as a rule about 0.1
ounce or less. A number of samples of manganiferous ore were
panned to ascertain the character and association of the gold. In
nearly all these the galena and lead sulphate remained with gold in the
bottom of the pan. In washing the ore in a horn the gold might not
be discovered, but in the ordinary gold pan with a sharp angle be-
tween sides and bottom the gold may easjly be separated from man-
ganese and lead minerals. As a rule the gold is dark yellow and
apparently has a high degree of fineness. The association of gold
and manganese oxide in cracks in the older ore is very clearly shown
in the Happy Thought and Amethyst mines. This association is
said to be common, but no clearly defined examples were noted in
other deposits.

Native silver—Native silver is an abundant constituent of the ores
of the Amethyst vein and was found in the upper levels of the Solo-
mon and Holy Moses mines and in the Corsair and Alpha veins. It
has been identified also in the ore of the Monte Carlo and Mollie S.
mines. In the Amethyst lode it is said to have been especially
abundant in the ores of the upper levels of the Last Chance, New
York, Commodore, and Bachelor mines but is only sparingly present
in the Happy Thouvht and mines farther north on the Amethyst
lode. In general it forms thin sheets in the siliceous sulphide ore or
is plastered on fracture surfaces. In cabinet specimens nests of thin,
closely packed wires of native silver fill little vugs in dark quartz that
is stained with sulphides.

105719—23——8
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In the Commodore mine native silver is said to have been abundant
in the “Wire Silver stope,” which is about 1,100 feet below the sur-
face. As native silver has not been found on the Nelson tunnel level
of the Amethyst lode, nor as deep as 1,100 feet below the surface at
any place on this lode except in the Commodore mine, it is believed
to be of secondary origin. It was deposited by descending sulphate
solutions in fractures in the earlier ore. In some of the rich ore
native silver is beautifully crustified with red jasper, milky .chal-
cedony, and thin bands of comb quartz. This silver must have been
deposited with silica in open spaces. A polished surface of ore con-
sisting of chalcedony, quartz, and native silver is shown in figure
11 (p. 117). .

Argentite.—Argentite was probably a common mineral in the
richer ores. It is said to have been a constituent of the richer ores
of the Amethyst lode but was not noted in the Amethyst mine in the
course of this investigation. It was seen in ores from the dump of
the Mollie S. mine and is said to be present in the Alpha-Corsair ores.
Possibly it is intergrown with lead sulphide in argentiferous galena:

Stephanite.—Stephanite is said to have been found in ores of the
Alpha-Corsair lode, and a trace of antimony was noted in ore from
the Corsair dump. An antimony mineral is reported from ores of
the Overholt and Bachelor mines. No crystals of these minerals
have been noted by the writers either in the mines or in cabinet
specimens collected when the richer secondary ores were being
exploited. '

Marcasite—Marcasite is developed in the superficial ores in some
of the deposits but is not abundant. Masses of considerable size
were noted on the dump of the Delaware prospect near Sunnyside.
There the marcasite crusts over fragments of rhyolite and apparently
belongs to a late stage of deposition.

Anglesite.—Lead sulphate is abundant in the oxidized ore, where
it is an oxidation product of galena. It occurs as beautiful glassy
crystals in cavities in galena and as massive bodies in an oxidized
siliceous gangue. Many massive bodies of heavy white ore that are
generally considered to be cerusite or lead carbonate have proved to
be anglesite. It is doubtless the more common alteration product
of lead. One specimen from the Happy Thought mine consists of
massive glassy lead sulphate surrounding a cavity filled with anglesite
crystals. -In the upper levels, under oxidizing conditions, nodules of
galena are surrounded by concentric layers of lead sulphate. One of
these is shown in figure 14 (p. 124). In the Park Regent mine, on the
Nelson tunnel level, more than 1,000 feet below the surface, thin
veinlets of anglesite have formed in fractured galena.

Cerusite.—Lead carbonate, or cerusite, is developed in the oxidized
ore of the Amethyst, Holy Moses, and other mines and is said to

e e
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have occurred in considerable amounts in and near the apex of the

 Amethyst lode on the Happy Thought claim. It was mined near

the surface on the Solomon, Ethel, and Holy Moses claims. Masses
of earthy carbonate 2 or 3 inches in diameter were found on the
Carbonate claim. The outer shells of nodules of galena altering to
anglesite carry a little cerusite, which apparently is formed after
anglesite. From the data available cerusite appears to have a
narrower vertical range than anglesite, which is more abundant in
depth.

Lymonite.—Limonite occurs at the outcrops of all the deposits but
as a rule is not abundant. In the oxidized zone, especially in the
Amethyst and Last Chance mines at the north end of the Amethyst
lode, limonitic ores are comparatively abundant. In view of the
fact that the primary ore carries only a few per cent of pyrite or
other iron sulphide, it appears probable that some of the limonite,
perhaps a considerable portion, has formed from the oxidation of
the thuringite.

Jarosite—Jarosite was identified in oxidized material taken near
the outcrop of the Amethyst lode at the Last Chance mine.

Calcite—In the Amethyst and Solomon-Holy Moses lodes, small
crystals of calcite in altered ore and thin veinlets in the wall rock have
been noted, but these are exceptional, at least in the little-altered
ore of the lower levels. Calcite is abundant in the Monon mine and
in the travertine deposits south of Creede.

Stderite.—Siderite was not noted in the Amethyst and Solomon
veins. It was observed on fracture planes in shattered rhyolite on
the Monte Carlo lode. In some of the ores of this mine siderite is
incrusted with small crystals of white quartz.

Malachite.—A few small masses of malachite have been noted in
ores of the Amethyst, Alpha-Corsair, and several other deposits.

Chrysocolla.—Chrysocolla was noted in the oxidized ores of the
Mollie S. and Monte Carlo mines and is probably present in oxidized
ores of other depos1ts

Kaolin—Kaolin is abundant, especmlly in the oxidized zones of
the deposits. It forms.as an alteration product from rhyolite and is
probably the most abundant alteration product of the gangue. It
is associated with cerusite in coatings over nodules of ‘galena which
has been altered to anglesite. In_ this association it has been de-
posited either from solution or from suspension by downward-moving
waters.

Cerargyrite.—Cerargyrite was noted in the oxidized ores of the
Mollie S. mine and is said to have been present in the superficial zone
of the Amethyst lode.

Chrysoprase.—Chrysoprase or apple—green chalcedony is abundant
in the ores of the Mollie S. and Monte Carlo mines. Some of the
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darker specimens, when polished, make beautiful gems and have been
mistaken for turquoise. According to Dana,* the coloring of chryso-
prase is due to the presence of nickel oxide. That of the mineral
from the Mollie S. mine appears to be due to a salt of copper.

Chalcedony.—Chalcedonic quartz is a fairly common constituent of
the Creede ores. It replaces the rhyolite along the lodes and is
formed by processes of superficial alteration in the veins. Some of
it has been deposited in open spaces. Red jasper is crustified with
quartz and native silver in ores from the Amethyst lode, the silica
and native silver having been deposited together in open spaces by
descending waters.

Wad.—Black manganese dioxide is a fairly abundant constituent
of the oxidized ores of the Amethyst lode. The oxidized ores of the
Monte Carlo and Mollie S. mines carry beautiful dendritic manganese
flowers on fractured surfaces. No crystallized manganese oxides
have been identified. In the Amethyst lode probably most of the
manganese has come from the decomposition of thuringite, which, as
shown by analyses, carries 2.75 per cent of MnO. Rhodochrosite has
been noted but is exceedingly rare; rhodonite has not been observed.
Rich gold ores in the Happy Thought and Amethyst mines are all
associated with manganese oxides. .

Goslarite—Hydrated zinc sulphate, or goslarite, is present in many
old drifts. Commonly it forms nests of heavy, hairlike material on
the walls and floors of abandoned workings. At some places—for
example, on the sixth level of the Amethyst mine—nests a foot in
diameter may be found. It has evidently been precipitated from
water trickling downward through the sulphide ore, doubtless by a
process of drying in the presence of air. Some goslarite is forming
now.

Gypsum.—Gypsum occurs sparingly in the oxidized ores of the
Amethyst vein and has been noted in the ore of the Monte Carlo and
other deposits. It is, however, comparatively rare in veins of this
district. It forms a large part of one of the travertine deposits
southwest of Creede.

Chalcanthite—Copper sulphate (chalcanthite) is found in small
quantities in the upper part of the Amethyst vein and in the Corsair-
Alpha vein at Sunnyside.

Melanterite.—Melanterite is common on walls in workings in the
oxidized zone.

Smaithsonite.—A little smithsonite is present in the superficial ores
of the Amethyst vein. In view of the abundance of sphalerite in the
Creede ores and of carbonates in the mine waters, it is surprising that
so little smithsonite has been deposited.

1t System of mineralogy, 6th ed., p. 188, 1901,
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Pyromorphite.—Some beautiful yellow and brown crystals of pyro-
morphite were observed in a private mineral collection at Creede.
These crystals had been taken from the upper levels of the Amethyst
vein in the earlier days of its development. They evidently had
formed along the sides of a cavity by a process of alteration. Without.
doubt the lead in the pyromorphite had been deposited directly from
solution.

Hematite—The ferruginous oxidized material of the upper levels
of the lodes is in general brown or canary-yellow; locally it is red.
Some of this red material is probably hematite, but it is difficult to
distinguish between hematite and the hydrated iron oxide, turgite.
No crystals of hematite have been observed.

THE FRACTURES.
GENERAL CHARACTER.

All the workable deposits are in or along fissures, and nearly all
are along faults of considerable throw. Most of the fault systems
show mineralization in places;
none of them, however, are
mineralized throughout their
courses.

The displacement of the
Amethyst fault is probably
1,500 feet or more. The dis-
placement of the Mammoth
fault is about 1,000 feet. The
displacement of the Solomon-
Holy Moses fault is small.
All the faults that carry ore
are normal faults except one
at the Equity mine, which is
a reverse fault. The occur- s
rence of the oro deposit of the uss - skeh shorig s of s, s o
Equity mine is noteworthy;
examples of ore deposits in reverse faults, especially in rocks as young
as the Tertiary, are rare.

In figure 3 the strikes of the veins of the district are plotted through
a common center. The veins strike in every quadrant of the circle,
but most of them strike in the north half of the northwest quadrant,
between north and N. 40° W. The Solomon-Ridge vein strikes about
N. 10° W., the Amethyst N. 23° W., and the Alpha-Corsair about
N. 32° W. These three veins with their associated subordinate
fissures have produced over 99 per cent of the ore of the district.
About half of the less productive veins strike between N. 7° W. and
N. 32° W, or in about one-seventh of a semicircle. Most of the veins,
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as shown by figure 4, dip at high angles, from 50° to 90°. Not one as
flat as 45° has been discovered. The Amethyst, Mammoth, Solomon-
Ridge, and many minor veins dip toward the west. The Alpha-
Corsair and three minor veins dip east.

At many places the lodes are sheeted zones; instead of a single
fracture filled with ore, several closely spaced planes of movement
are mineralized. Parallel veins occur in the footwall of the Amethyst
fault in the Bachelor mine and in the hanging wall in the Commodore
and Last Chance mines. The sheeting on the Corsair-Alpha lode is
shown by figure 5.

In many metalliferous districts the ore deposits do not follow the
conspicuous faults or those with the largest throw. Thus in the
Coeur d’Alene region of Idaho and the Philipsburg region of Montana

there are many large faults, but only a few of the more productive

veins are related to faults of determinable throw, and these are
related to subordinate faults.
In many other regions that

\I\'.!- E.

ores are mainly in subordi-
nate fractures or in faults of
slight throw. As has been
pointed out by Ransome,*
_ clay gouge is probably de-
FioURE 4.—Sketch showing dips of principal lodes of Creede veloped by movement, and
district, plotted through a common center. in some deposits this retards
circulation. In Butte, Mont.,* there is clear evidence that the circu-
lation of the solutions has been controlled locally in the fault fissures
by the putty-like material that has been produced by movement.
There are a few districts in the United States, however, which
contain deposits that have formed along faults of great throw.
Among these deposits are the Comstock lode, some of the deposits of
Bullfrog, Nev., the deposits in the fault fissures at Butte, Mont.,
some subordinate deposits at Philipsburg, Mont., and some in the
Silverton quadrangle, Colo. In the Creede district all the most
productive lodes are along faults, and some of these faults have
great throw. The throw of the Amethyst fault is 1,500 feet or
more, that of the Corsair-Alpha is several hundred feet, and that of
the Solomon-Ridge is probably more than 100 feet. The Mammoth
fault has a throw of 800 feet or more and the Equity 1,200 feet. Itis
believed, however, that the fault fissures were filled soon after they
were formed. The ores they carry are of comparatively late age,

4 Ransome, F. L., The relation between certain ore-bearing veins and gouge-filled fissures: Econ.
Geology, vol. 3, p. 331, 1908. .

¢ Sales, Reno, The localization of values in ore bodies and the occurrence of shoots in metalliferou «
deposits: Econ. Geology, vol. 3, p. 326, 1908.

contain numerous faults the _
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and presumably the faulting took place relatively near the surface
and not under a very great load. In the Amethyst lode the larger
proportion of ore is in the fault fissure itself, but much ore occurs in
minor fractures in the hanging wall of the fault. In the Bachelor
mine'and at the south end of the Commodore mine a fissure in the foot-
wall of the fault has supplied most of the ore.

The structure of the deposits and the fractures they occupy are
discussed in Chapter X1 in the descriptions of the mines. Here are
mentioned only the more prominent features of the productive lodes.

The Amethyst vein is best exposed on the Nelson adit (Pl. XII).
About 600 feet from the portal this adit encounters a dike of horn-
blende-quartz latite porphyry, through which it is driven for 160 feet.
This dike follows the Amethyst fault. Therock east of it is the Willow
Creek rhyolite and that west of it the Campbell Mountain rhyolite.
The porphyry is crushed and altered and contains some iron-stained
fractures but no work-
able ore has been en-
countered init. About
1,400feet from the por-
tal the adit is turned
N. 18°W., and 525 feet
beyond this turn it en-
counters the Amethyst

fault. North of this

pomt for about 1,000 Ficure 5.—Sketch showing sheeted zone of Alpha-Corsair lode, about
5 h 1 ! fol 7 feot above the upper Alpha tunnel and near the Alpha boundary
eet the tunne Ol-  jine. Dark areas are crushed rhyolite and vein matter.

lows a vein in the foot~
wall of the fault, but it crosses the fault again about 40 feet farther
north. From that point for about 2,000 feet the tunnel is driven in
the Campbell Mountain rhyolite. For the next 560 feet it is driven
in the footwall Willow Creek rhyolite, and then it crosses the fault
again. At this crossing, which is about 600 feet south of the bottom
of the Last Chance shaft, both walls of the fault are the Willow Creek
rhyolite, but at a point 400 feet south of the Last Chance shaft the
Campbell Mountain rhyolite appears on both sides of the crosscut,
which is here in the hanging wall of the Amethyst fault. Evidently
at this point the crosscut is near the top of the Willow Creek rhyolite,
which is overlain by the Campbell Mountain rhyolite; - northward
from this point to the face of the adit the Campbell Mountain is the
only rhyolite on the hanging wall of the fault. A hornblende-quartz
~ latite porphyry is exposed in the hanging wall of the fault, in the
crosscut to the Last Chance shaft, and in the footwall of the fault 600
feet north of the Happy Thought shaft.

Figure 30 (p. 178) is a plan of the Solomon adit on the Solomon-
Ridge-Holy Moses lode. On this adit the vein system is developed

R
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for nearly 3,200 feet along the strike. The country rock is everywhere
the Willow Creek rhyolite. The adit encounters the vein 420 feet
from the portal. At 75 feet north of this point the vein splits and
the Ethel vein makes off in the footwall. The Solomon and Ethel
veins probably join again about 1,950 fect north of the split, between
chutes 9 and 10. Both veins dip west. In the Ridge mine the east
vein is called the Ridge vein and the west vein the Mexico. The
Holy Moses vein, which farther north is developed nearer the surface,
is doubtless the vein that is followed in the Solomon adit northward
from the intersection of the Solomon and Ethel veins.

The Alpha-Corsair lode occupies a fissure in the Willow Creek
rhyolite. Here and there on the surface and also in the Corsair adit
it follows a porphyry dike. The dike rock is highly crushed and
altered and is evidently older than the fissures occupied by the ore.
The porphyry appears to have had no favorable influence on ore
deposition; the richest ore was found between rhyolite walls a few
feet below the porphyry dike. Pronounced splitting and sheeting
are noteworthy features of the lode south of the inclined winze on
the Corsair tunnel.

NATURE OF FAULT MOVEMENTS.

It is generally assumed, with good reason, that in a region of normal
faulting the hanging walls of the faults move downward. In some
regions, however, the movement is not directly downward, but there
is a lateral element of movement also. In the Ridge mine, on the

Solomon-Holy Moses lode, about 250 feet north of the blind shaft,
striae on the vein plunge 75° S. 1In the Solomon mine, about 50 feet
above chute 10, the grooves on the polished walls plunge 70° S. In
theJoJo, a small prospect on East Willow Creeknear North Creede, the
vein strikes north of west and dips about 65°S. Striae on a slicken-
sided surface plunge about 85° W. In the Amethyst vein striae
and grooves plunge about 70° S., indicating that the hanging wall
moved toward the south as it descended. At some places striae on
the walls plunge steeply north, .and in the Amethyst mine striae
plunging north were observed within a few feet of those plunging
south.

All these observations are in accord with the generally accepted
theory that in regions of normal faulting the dominant element of
movement is downward. At only one place in this district have striae
as flat as 45° been observed. The hanging wall of the Amethyst
fault has moved with a zigzag motion, at one time north, then south,
but the vertical element of movement, so far as indicated by strie,
was greater than the horizontal element.
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CHARACTER OF THE ORES.
COMPOSITION AND METALS CONTAINED.

The shipping ores of the Amethyst lode are highly siliceous. In
general they carry from 60 to 85 per cent of silica, but some ship-
ments run as low as 45 per cent. Barite is nearly always present
in the shipping or partly oxidized ore. In the main these ores carry
from 10 to 20 per cent of barium sulphate; one lot of 1,026 tons from
the Bachelor mine, shipped in August, 1906, carried 22.1 per cent.
Aluminum, as a rule, ranges from 3 to 8 per cent, but in some ship-
ments it will reach 13 per cent. Lime is surprisingly low. In
analyses of over 100 lots it averages less than 1 per cent, and only
one analysis shows as much as 2 per cent. In most of the org that is
shipped sulphur runs less than 2 per cent, although in some shipments
it is as high as 4.5 per cent. In the concentrating ores obtained
from deeper levels it is higher. Many shipments of rich ore carry
less than 5 per cent of iron and manganese, and they rarely run over
10 per cent, although some shipments carry as much as 13 per cent.
In the ores that are shipped zinc in general amounts to less than 2
per cent.

The silver contents in large lots ranged from 20 to 70 ounces to
-the ton in ores shipped between 1902 and 1912. A few shipments
contained as little as 14 ounces. Lead ranges from 1 per cent or
less to 5 per cent or a little more. Some of the richest silver ores
carry less than 1 per cent of lead, and some ores with 6 to 7 per cent
of lead carry less than 20 ounces of silver to the ton. A close scrutiny
of over 100 analyses does not show that silver increases or decreases
with any other metal. There is also no clear relation between silica
and silver. Some of the most highly siliceous ores, carrying over
80 per cent of SiO,, yield less than 25 ounces of silver to the ton.
Although the baritic ores carry in the main more silver and less gold
than the chloritic ores, the proportion of barite in the ores may vary
greatly without a corresponding variation in silver. In the partly
oxidized ores the variation in silver appears to be independent of
the variation in other minerals.

On the south end of the Amethyst lode, in the Bachelor and Com-
modore mines, gold is almost negligible. In the shipping ores from
the New York, Last Chance, and Amethyst mines the gold content
ranges from 0.03 to 0.25 ounce to the ton, the average being near 0.1
ounce ($2). In the concentrating ores from the Happy Thought
mine the gold runs 0.1 to 1.0 ounce to the ton. Some of the lead
concentrates from the Happy Thought mine carry from 1 to 3.7
ounces of gold. )

The concentrating ores from the north end of the Amethyst lode,
from the lower levels of the Amethyst mine, and from the Happy
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Thought mine contain only a few ounces of silver to the ton. The
concentrates obtained carry sphalerite, anglesite, cerusite, pyrite, and
gold, with a little chalcopyrite. The gangue is quartz and chlorite
with very little barite. No analyses of these ores are available.

The ores of the Solomon-Holy Moses lode in the lower levels are
similar to the chloritic ores of the Amethyst lode but carry more
lead and zinc and less gold. Silver is only sparingly present. Some
rich silver ore was taken in the early nineties from the Holy Moses
workings near the surface. It was this ore that first attracted
attention to the Creede district, but the total production of silver
from the Solomon-Holy Moses lode is small compared with that from
the Amethyst lode. Barite was present in the Holy Moses silver ore
but was not as abundant as in the silver ores of the Amethyst lode.

The ores of the Alpha-Corsair lode are similar to those of the upper
levels of the Amethyst lode. They carry little or no gold, however,
and thuringite, if present, is not abundant. Only a’little lead is
present and only 1 to 2.8 per cent of zinc. Silver ranges from 20
to 65 ounces to the ton in analyses of 45 lots shipped since October,
1902. Silica ranges from 58 to 80 per cent, iron and manganese
from 2.9 to 6.5 per cent, aluminum oxide from 6.9 to 16 per cent.
Lime averages about 1.0 per cent. No analysis shows more than 2.8
per cent of zinc in ore shipped prior to 1912. Barite is reported in
only three shipments and is less abundant than in the Amethyst
vein. Sulphur averages about 3 per cent.

The average value of the Creede ores is probably about $28 a ton.
Some of the ore mined in the early nineties carried more silver. An
estimate made in 1892 places the value of the ore mined in that year
at $100 a ton. The total production of the Commodore mine, which
included some material of relatively low grade, averaged 44 ounces
of silver to the ton. Much of the ore from the Last Chance and New
York mines was milled from the Big stope. The deposit was found
in rock cut by closely spaced parallel fractures, and it is certain that
much country rock was included in the ore. Nevertheless the ore
was of high grade and was probably somewhat richer than that of the
Commodore mine.

Some rich ore of the Amethyst vein carried as much as 1,000
ounces of silver to the ton, but no records of large shipments of such
ore are available. A review of numerous assay sheets and all the
other data that are at hand indicate that 50 ounces to the ton appears
to be near an average figure for the richer ores of the upper part of
the lode. :

In the lowest levels of the mines and on the Wooster adit the silver
decreases notably. Some ore runs as high as 20 ounces a ton or higher,
but the ratio of gold and zinc to silver is much higher than the ratios
in the higher levels. Not much of the ore in the lower levels carries



. ——

ORE DEPOSITS. 113

more than 12 ounces of silver to the ton, although the gold, zinc, and
lead bring the ore in some of the stopes on the lower levels well
within the workable limit. Some of this ore has been enriched
slightly by secondary processes.

STRUCTURE AND PARAGENESIS OF THE PRIMARY ORES.

Some of the ores have been deposited in open spaces and some by
replacement of the wall rock. It is not everywhere possible to dis-
tinguish ore that has been formed by one process from that formed
by the other, and where replacement has been almost complete there
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