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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. .



INTRODUCTION,

*$90JN0S9Y [BIDUIY LeAIng '109Y) ] *N1 w
*spunod 0p0‘880°T 0413 ‘padnpoid 310 Y3 JO 1UUOD J1(BIBUW JO SISBQ UO ‘1¢9 *d ‘06T ‘A1jSnpuj (81T 1
«staswrradxa 10j s193[aTus oulz ayg o sjutod J8Yjo pus ‘JIAPLIT @pasl) woa) paddiys s8m 910 (UIZ) S[(BIGPISUO)),, :9¢9 "d ‘668T ‘A1jsnipay [sIourjy ¥
. “938)g Jo woryoupoad 18101 YIIa puodsallod 03 UOSIOPUIY * A £q pajsuanysy !
«OPOBI)) 78 dMu B O] 8681 Uy paddrys sB.m $978IJUOUCD SPUS|(Q OUIZ JO JUNOWE [[BWS V., 127 -d ‘S6R[ ‘LIISNpuy [8IDUT #
+51d10901 JUTI PUB 13 PWS Jo $3InSy Surdq ‘saully Jo NBIING 918VIF OPBIO[O)) ¥
'l Jo Spunod 9777141 SoALE Jully &
"UOSIIPUI "AL *) 4G parswnsy f
('S100npoad JseSie] SaUTW ISAYISWY PUL DOULYQ ISV "SIOUNO (0H‘V00‘C TNO( B 18 POIBLINSO INdINQ,, 8485 ‘ges1 L4 *d [ “[0A ‘A1sSupu] [BIdUTY ., ")UNOWE 19518] B UvAD JutAld sojuur
-1359 38730 ‘2681 T JOANS JO (62 18 JO 9981 FUIUT0D 38) 000°00C FS YILm SONLIOYINS JUL £G PAJTVRID 9P, SABS (€657 ‘§9 d ‘Z6ST 'S00N0SOY RISUTIY A9AINgG "[09Y) 'S "} ) SHOMIULY
“d S ISATIS JO SI0UNO 822°098‘7 PUB-PIOS Tl Z£6'CgQ 9UBYY 4SBT PUB ‘00N [9( “JO[PyORy. ‘SAYIAWY I0) :I3A]1S JO So0UNO0 LI£6C PUB P08 U1 gz ‘¢9$ Seull $8s0)y Al0H pus [PUIH
Jo uoygonpold 10§ S9ALS JUTI 3Y3 JO JOJIBIIA .Ammm -d) £junio)) apuels) oIy Japun pus (971 'd) A1anep sjepsull] 19punN punoj st Jndjno £3Un0) [e1ouily ‘Fiodel JUIN UL ‘Z6ST 04 2
a1y B[1BA® B}ED WIO01] 9{(Issod sB A19S0[0 SB 9pBwI S1 UoyyBisdag -Ajunc) syosndeg Jepun (3871 “d) punoj st ndino L3uno)) [eidully ‘t10das Jury Ul ‘1681 104 p
*UoIS1AA1 0} 300{qUs 218 saundg 19ddoo 9y) ‘S978)g J9Y30 WOIJ SIBI[OWIS OPRIOIO) UT PAIBa1) SoJo pue 9338t wol) Jeddoeo spuput 18ddod 105 sy
S90JNOSY [BILUIR §8 INQ ‘PEI] 9Y] 07 AJ18[TWIS PajBal) ST19ddod oy,], SSIJunod [BI9A8S 043 09 A[9g8uorirodord pejnqliystp Sureq 983g 643 Jo , uonjonpoid umouyUll,, A08 ‘S30111059
813U JO monuﬁwg Tenuu® Ul WRALS S€ 318]S 90U} J0J P8a] Jo uonjonpoad [e307 oyj Yllm puodsaliod o3 pajeloxd S p8af oYL UL 93 JO 10303J1 943 Aq 93813 93 JO WOTRNPOL
8101 943 JO $oiNFy PajoalIod 93 YIla prodsaiiod o) pajeiord 918 JoATIS pUB PoS 9U3 ‘JUTI oNY Jo 1039311 o) Jo spiodel [enuue Uy JUIy oY) 38 Sjudse Yy Jo syiodes uroly »
. 1681 ‘91 19QUIA0R(T ‘OPaal() 8 POALLIB UIBI} ISIT °ISAYIPWY 97} JOIB[ {POIOACISTP J1sodap 0oUBYY) §SB7 ‘I68T ‘euny Uy ¢

' ) . “6881 “asndny
Po9820] Sulux SASOJY ATOH 2161 ‘h *d ‘0£C "IN L2AJng 09 'S "0 :°0[0D ‘0pddI() Jo syisodap 910 pus £301098 oy} uo J10dor Lreurmureld v g i ‘09SI8T pus “H "M ‘suounuy o
099 ‘096 _ 130° LOT00T T w | L66.S3E | 240" eer” 2 1967088 ¥ 67G 25T v | TE1'19 w |*~~"8061
9106181 620° 915 1692w | 996,L89 | £90° 0z° 99" 196/9%2 Tv | B0B/@PT ¢ | L26%0T wi™" "7 L06T
L¥8 €902 190° . 225 8¥8 e61° 89° 860 avm.m Jvu 0ST uenﬂ Y FYT 92T wf” " ° " 9061
088191 600° 91° 19° THHIE6T Ty | ¥66°91g ¢
186 986 1 150° 8e1° 8g° €89999 Tv | $98°222 ¢«
88T T9¢ T $50° 281° ¥e° 882 chwu v
7z1° £ €26 €261 ¥
291" 09" £20°918 T ¥
991 ° 29" 880082 .2 ¢
T 09° 668 96L € v
¥l: 6c- WULLI v
(49 09° 9570208 ¥
<01 89* §98°09¢ [ 2
201° 9° 880 ‘62¥ (1
60" £€9° £36/993 10
801 8L ¥89 468 ¥ o
911° 28° 716 168°22 9
821° 66" 868 8L p2
ooT* €01
CPL 08 FEO8  |reeerereeeees
punod | oo d) -punod | . unod) *punod . -(spanod) *gouno (seouno otig) !
-anep |sodeond | (SPURO -ameA | lodooud| (P -onep | 10d sond | $5P anjep | sedeoud | S° sty
‘oneA 1BA | 3 soay | AMmend oSeroay | ANraend oSemay |SHITEOY aSwleay | AMUSOD | o8 000 (510} | oo
1810L P03 3P0 L1048y 03, 28
Uz ‘PRI -3addo) I9ATIS

‘0361-688T **010) ‘fpuno)) (ol wy promposd ausz puv ‘pay “saddoo ‘aps ‘plop

o« '



GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

10

4 %
'
*S30IN0S9Y [BIAUIN £0AING '[03D 'S N w

PLE°860 ‘TH| ¥H6°11G T|" """ 77| L0¥ 2LS 2 | CoF‘ETLigl T 116625261 | 028'€ |*"""""" " 629897 | 2ES“P02°8T [Tt C 10880 °‘PF | €I1°C1L‘T

2 R I 1 Trrenrenreeses 835 ‘¥ 80° 285°18S w 902 $81° 0ZL‘Tw | 1887965 60°1 70 GLE w 01L‘S w L6621 w """ 0261
6096L7 | 820°L £20° ¥L596w 7 | 80S'6Y | €90 £11386 w 9 981 oeg w ¥ L1y (48 LS (69 w £80 6 w SILITm """ 6T6L
L2092, s 160° S Ul e9zoL | o 059 686 298, | % 067 /€ w | 696079 00T 626 ‘079w £6°Cl w | ZLe'Sg w |"" " 8I6l
091‘1ey | 2095, | 201" 12675 w ¥65 21T | 980° FPLG0E T w | 892G | €27’ L6261 w | 068263 ¥28° L1198 w I0T0T @ | S8L'ZE w |"" " LI6T
L0y | Le37E | ¥ELC $L8 ‘070 w 192/8¢T | 690° 180765, w | TEL.E | 9%G: 8ST T w | £90°9%5 829 ° 996°8L8 w PEIIIE w | €01 'SE w |~ "9I61
TLI'c0e | 399°0% | ¥3l° #86 ‘68 w 096 11T | L0° 8Z1 388 3w | G991 | GLI® £96:8 w | 9¥6:LY1 208" 108163 w 620ee w | 120°8% |17 CI6L
[ 3010 S 190° Tmmererees Tl 0L9FS | 680" S6LI0F Tw | PEE'P | €6T° 985 /2 w | 109078 €8¢ * YELIGT9 w FOSI6T w | 3G6°22 m |* " I6E
SI9'91L | €570 | 990" SL8/%CY w 82S 65T | ¥30° 79£/866/C w | €06F | GCT° LV9'18 w | 175 98% #09* £78 508 w 280G uw | £9L.9G w |*" " "EI6L
TLL'$08 | 66315 | 690° 18980¢ 0987285 | S30° gez0eLcw | 1968 | GOT° 98867 w | 699 ‘6EV €19° 606 F1L 20098 w | 88F'99 w |"* " ZI6L
187688, | 8EL'1L | 50" 196°863 T w | geg'cye | ¢¥0° 968 FL9 ‘L w | €LT'p | CTL" ¥8E €€ w-| 61068 3 6IE 'GP w 961 /6LT w | 28609 w |*" " "TI61
982980 T | $8L°0ET | ¥50° 926157 5w | ¥28.298 | ¥¥0° 000/9¥2 8w | 189'E | 221° 18062 w | 018 L1F el 3TL gL w ISTIZT w | 99679 w """ 0161
022 ‘190 ‘I$| ¥E1‘368 | ¥90°08 | 962 ‘LI8‘T w | £55°88¢8 | €70°08 | 918°080‘6 w | 297°28 | €108 10% ‘LT we | 917 ‘6078 €08 | SSTI68 w €78 ‘8018 w | TH6 ¥ w | 6061

-punod (spunod) ‘punod -(spunod) ‘punod -(spunod) “eOUN0 L (gomo omy)
‘an[eA |19d sord P ‘onjep | 10d 9ouad P ‘onyep | 10d eouad | (5P ‘onfeA | 10d sorad | {5 4
‘onjeA odurosy | AMWEND A ofuroay | AIMUTAD ! o3uioa y | AYIUBDD afeioay | AITEND | 03 opo (cuoy | Lo
1810, PIOSIDOT ly10ys)aip| 120X
ouyz - "peYT *1addo) “IOANIS

‘PonuUIuO)—0Z6 I-6881 *070) ‘fauno) pniourgy up pronposd 011z puv ‘poay ‘uaddos ‘waqis ‘proH



"

INTRODUCTION. 11

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



24  GEOLOGY AND ORE DEPOSITS OF CREEDE DISTRICT, COLO.

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.



U. S. GEOLOGICAL SURVEY BULLETIN 718 PLATE VI

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).
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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
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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
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. 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.
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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
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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.
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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
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