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ABSTRACT

The Grizzly Peak cauldron complex straddles the
Continental Divide in the Sawatch Range just south of
Independence Pass, Lake and Chaffee Counties, Colorado.
The cauldron complex is associated with early Oligocene
breccias and intermediate to acidic ash-flow tuffs that
occur both within and immediately outside the complex.
It occupies 85 square miles and contains screens, intru-
sives, differentially subsided blocks, volcanic necks and
domes, breccia pipes, pyroclastic dikes, and hydrothermal
stockworks. Five thousand feet of inter stratified breccias
and tuffs are preserved in areas of maximum subsidence.

Subsidence development began with the collapse of
a circular central block six miles in diameter. Ash-flow
tuffs ponded in the cauldron, together with large qu?nti-
ties of breccia shed from the walls. A resurgent central
granodiorite intrusive domed the overlying welded ash
flows. Later eruptions of rhyolitic ash flows were
accompanied by a subsidence of a parasitic cauldron south
of the central block which partial]y collapsed and overlapped
the earlier cauldron.
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The southern cauldron is floored by Precambrian
gneiss and granite that has been shattered in situ.
Many shattered blocks have been rotated, although no
volcanic matrix is present. Locally, massive coarse-
grained quartz cements the breccia.

Large volumes of breccia with a rock flour matrix
occur below and interbedded with ash-flow tuffs. These
are remobilized alloclastic breccia flows. Thick accUillU-
lations are located near probable sources.

Relief in the Sawatch Range provides a composite
4,OOO-foot vertical section of the cauldron complex which
clearly exposes breccias of different age and origin,
nine successive welded ash-flow cooling units, and the
disrupted floor of the cauldron. The asymmetric incomplete
collapse of the southern cauldron has preserved the
progressive stages of cauldron development.

At least three periods of mineralization occurred
within the Grizzly Peak cauldron complex. Mineralized
structures include veins, pipes, stockworks, and breccia
flows. Mineral production to date totals $l,OOO~OOO,
and several areas are currently being studied by major
mining companies.

The cauldron development is post-dated by block
faulting that broke up the volcanic field. An
altered and mineralized acidic intrusion has been emplaced
along one of the block faults within the volcanic field.
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INTRODUCTION

This geologic study of the Grizzly Peak cauldron
complex, two nested collapse structures and the associated
lithologic units, was completed as a portion of a graduate
program in geology at the Colorado School of Mines.
Parts of three summers, from 1969 through 1971, were
spent field mapping.

The Grizzly Peak volcanic field straddles the
Continental Divide near the center of the Sawatch Range,
Colorado, midway between Aspen and Leadville. The town of
Twin Lakes is seven miles east of the area on Colorado 82,
which is located along the northern border of the study
area. Access to the northern portion of the area is via
several unimproved roads that extend south from Colorado 82.
The southwestern part of the area can be reached by trail
or roads that continue north from Taylor Park, Colorado
(Fig. 1). These roads are ordinarily inaccessible to
wheeled vehicles from late October through early June.

The only year-round residents are the watchman
and his helper at the Grizzly Reservoir. During the
summer months numerous people from Aspen hike and camp in
the area drained by Lincoln Creek. The eastern part of
the area has few visitors.

1
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Topography, Vegetation, and Climate

The thesis area is located along the crest of•
the Sawatch Range, a series of l4,000-foot peaks that
form the backbone of the southern Rocky Mountains.
The topography is characterized by rugged peaks separated
by broad U-shaped valleys. Elevations range from just
under 14,000 feet on Grizzly Peak to 10,300 feet where
the South Fork of Lake Creek flows out of the area.

Vegetation is sub-alpine to alpine, with dense
growths of pine below timberline. Spruce, fir, and
aspen are abundant where adequate water is available.
The vegetation above timberline, which is at 11,600
to 11,800 feet above sea level, is dominated by alpine
mosses and grasses. From late July until early Septem-
ber the grass-covered areas above timberline are ablaze
with beautiful wild flowers of assorted types and
colors.

Outcrops within the area are limited to 20 to
30 percent of the surface area. Slopes of 30 to 40 degrees
are not uncommon. Figure 2 shows the typical topography
within the thesis area.

The climate is severe. Frost or snow may occur
at any time throughout the year. The spring and summer
months are marked by weather extremes. Afternoon hail
and thunderstorms are common in July and August. The fall
months of September and October are warm and sunny, with
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The South Fork of Lake Creek. View
south from near Ouray Peak. Ash
flows CTa) and alloclastic breccia
flow CTbf) crop out in the fore-
ground.

Figure 2.

Cb) The author near the crest of the
Continental Divide. View is south
toward West Red with ash-flow tuffs
on the skyline.
Topography in the Grizzly Peak
cauldron complex, Sawatch Range,
Colorado.
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occasional snowfalls that quickly melt. Snow slides
are cornmon during the snowy winter months and impede
access well into the summer season.

History

The first mining in the area probably took place
in the early 1860's. Files from the Chaffee County
Recorder's Office now in depository at the Denver Public
Library indicate that the Red Mountain Mining District
was organized at the forks of the Lake Fork of the Arkansas
River, Lake County,. Colorado Territory, July 9, 1864.
Howell (1919) lists the first activity as an influx of
several hundred people when rumors spread of a rich
placer strike near the mouth of Sayres Gulch. O. J.
Hollister, in his 1867 description of the mines in
Colorado, includes this description of the Red Mountain
District.

Red Mountain seems to be in a belt of lodes,
some three miles in width, which here crosses
the range in the true course, northeast and
southwest. From the top of the Red Mountain
at the head of the left fork of Lake Creek other
red mountains can be seen both to the east and
to the west. Eight miles west in an air line
a Boston company did some work in 1866, finding
similar ore to that found here ....The crest of
the mountains crossing the belt is mostly a
gneissoid rock, sometimes a syenite, that has
been broken and worn off in places exposing an
iron conglomerate of unknown thickness, with
veins of purer pyrites bursting up through it
without much regard to the proprieties. The
pebbles of which the conglomerate is composed
are quartz, and carry as much iron as the cement
quartz which holds them together. Where the
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cap has crumbled or been washed off from the
conglomerate, exposing it to the elements,
the iron has become noticeable as far as the
belt can be seen, and the width so exposed is
not less than one mile. In the streams and
where the creek escapes from the mountains,
numerous well defined lodes have been discovered,
not greatly different in width, lineal extent
and character of ores, from those of other parts
of the territory. Like them, too, they vary
in richness. Some of them are absolutely
barren and some contain $100 gold to the ton,
as tests of which we were personally cognizant
have indicated. It is believed the requisite
capital has been secured to establish at once
one or two stamp mills in this, called the Red
Mountain District.
Independence, a small gold district on the Roaring I

Fork River (Fig. 1), is believed to be the first settlement
in what is now Pitkin County (Aspen Times, 1934). In
most historical sketches it is considered a contemporary
of Aspen and was one of the discoveries attributed to
prospectors overflowing from Leadville. Lack of access
hampered the district until a road was completed from
Aspen in 1879 (Howell, 1919). Independence was an impor-
tant stop on the trip from Leadville to Aspen from 1879
until 1887 when the railroad was completed over Hagerman
Pass (Wolle, 1949). Sporadic activity probably continued
at Independence into the early part of the twentieth
century, but when the railroad superseded the importance
of the Independence Pass route, the road fell into
disrepair and transportation problems again plagued the
Independence District.

Ruby, a little known district near the head of
Lincoln Gulch (Fig. 1), was the site of an extensive
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operation at the turn of the century (Wolle, 1949).
The town had a main street nearly a mile long and was
surrounded by numerous small mines or prospects. The
ore was carried by pack train to the Cor,tinentalDivide
just south of the town where it was loaded on ore wagons
for the forty-mile trip to Leadville (Ricker, 1970).
The existing road up Lincoln Gulch was not constructed
until 1916 (Wolle, 1949).

Tellurium and Bowman were small camps active in
the early 1880's at the northern end of Taylor Park
(Hollowell, 1965). Bowman was primarily a shipping
point at the base of Taylor Pass between Aspen and
Tincup, but Mumey (1954) indicates it had a smelter for
processing local ores.

The most recent production has been from the
Enterprise and Eureka Mines. The Enterprise Mine was
active in the 1920's and 1930's (Wilcox, 1935). The
Eureka Mine, near Independence Pass, was actively pro-
ducing gold ore in the late 1940's (Ricker, 1970).

Small mines and prospects are present throughout
the Grizzly Peak cauldron, but almost all of the produc-
tion to date has come from five mines. Total production
from the Independence, Mount Hope, Enterprise, Bwlchgoch,
and the Eureka mines is probably near $1,000,000. The
principal commodity has been gold. Large plants were
constructed in Taylor Park at the Pie Plant Mine and in
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Lincoln Gulch at the Ruby Mine, but the small dumps
indicate little or no production was obtained.

Early investigators into the geology of the Grizzly
Peak cauldron complex were Hollister (1367), Hayden (1873),
and Wheeler (1875). The work of Hayden and Wheeler was
reconnaissance in nature and furnished no detailed
information.

In the early 1900's several geologists described
the classic glacial features found in the area. Most
noted of these early investigators in glacial geology
were Davis (1907), Westgate (1905), and Capps and
Leffingwell (1904). In 1919 Howell reported on the
geology of the Twin Lakes area and included a map of the
area drained by Lake Creek. Vanderwilt and Koschmann
(1932) mapped the area in the vicinity of the Twin Lakes
Canal Company's water diversion tunnels. The geology
of the tunnel itself was studied by Burbank (1935).
Several major companies conducted extensive exploration
in the Grizzly Peak cauldron complex in the 1960's.
Studies carried out by AMAX, Union Carbide, Union Pacific,
and Bear Creek Mining Company included geologic mapping,
core drilling, and geochemical sampling. Similar studies
by other major companies are presently in progress.

Present Investigation

The primary objective of this investigation has
been to study the geology of the Grizzly Peak volcanic field.
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Early in the study the breccias were recognized as one of

the key factors in understanding the origin and history of

the volcanic field. Much of the work has been concentrated

on these brecc~as. Rock type, alteration, and genetic

relationships were important parameters in subsurface and

surface mapping. Major areas of emphasis in this study. were:

1) The geology of the Grizzly Peak volcanic field.

2) The structural development of the cauldron complex.

3) The origin of the exotic breccias.

4) The sequence of subvolcanic intrusive events.

5) The origin of the mineral deposits and their

geochemical expression in the subvolcanic
environment.

Figure 3 shows the Grizzly Peak cauldron complex and the

important geographic features that are referred to in the
text.

Field mapping was done on U. S. Geological Survey

aerial photographs. The eastern portion of the area,

that part drained by the South Fork of Lake Creek, was

mapped on aerial photographic prints at a scale of 1 inch

equals 1,000 feet. The remainder of the area was mapped

using aerial photographic prints with a scale of 1 inch

equals 2,000 feet. Plate 2, a detailed map of West Red

at an approximate scale of 1 inch = 500 feet, was made

from geology recorded on an enlarged print of a colored

aerial photograph of West Red supplied by Mike Engel of

Union Pacific Corporation. Colored aerial photographs



Page 10T-1538

lOG !1J'

A MI. Elbert

To Twin Look ••

ALO Ploto Peck

I
106"30'

[J] GriZlI~ Peak Cuuldrcn Complex

Geographic Setting of the Grizzly Peak Cauldron ComplexFigure :3



T-1538 11

of the rest of the area were available for consultation,
but were not used in the field to plot data. Data from
aerial photographs was transferred to a base map (scale 1 inch
equals 2,000 f~et) compiled from U. S. Geological Survey
7.5 minute New York Peak, Independence Pass, Pieplant,
and Italian Creek quadrangles.

Field mapping was concentrated in the area drained
by the South Fork of Lake Creek. Much of the mapping in
the southern and western parts of the volcanic field was
reconnaissance in nature.

Laboratory studies and chemical analyses have been
used to support and supplement field mapping. Seventy-three
thin sections were made from lithologic units throughout
the area. These thin sections were studied petrographically;
a number of the sections were stained to facilitate deter-
mination of the plagioclase and potash feldspar ratios.
X-ray diffraction studies were used to identify minerals
from polished sections and alteration suites. Spectrographic
analyses were made by Specomp of Steamboat Springs, Colorado
and by the author. Geochemical analyses were performed by
AMAX Exploration, Inc. and Skyline Labs, Inc. Bruce Bryant,
of the U. S. Geological Survey, made available three whole
~ ,
rock ohemical analyses from rocks of the Grizzly Peak
/

volcanic field.

Rock names used in this study were based upon the
classificitions of Tr1vis (1955); Williams, Turner, and
Gilbert (1954); and Parsons (1968) .

.,.:' /c G" (C
0.. A4'1fL;G ~7'!/lva/~1t6 c( In;'~lod,t:rtkI' A OJ

Rhyodacite is used tv de5cr;hc
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rock chemical analyses from rocks of the Grizzly Peak
volcanic field.

Rock names used in this study were based upon the
classifications of Travis (1955); Williams, Turner, and
Gilbert (1954); and Parsons (1968). Rhyodacite is used
to describe aphanitic volcanic equivalents of granodiorite.
Nockold's (1954) values for average chemical compositions
are used where chemical data is available.
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REGIONAL GEOLOGIC SETTING

The Grizzly Peak cauldron complex is in the eroded
core of the Sawatch uplifted block (Fig. 4). The horst
occupies an area 80 miles by 30 miles, with a minimum
of 9,000 feet of structural relief along its western
margin (Bryant, 1970), and in excess of 10,000 feet along
the eastern margin (Van Alstine, 1970). DeVoto (1971)
has shown that the uplifted block was a structural high
in the Pennsylvanian and Permian. During the Mesozoic,
much of the area now occupied by the Sawatch uplifted
block was covered by the Curtis Sea (Oriel and Craig,
1960). Epis and Scott (1971, oral communication) have
shown by dating of widespread ash-flow sheets that most,
if not all, of the present topographic relief of the area
east of the Sawatch Range itself is mid to late Tertiary.
The presence of the Paleozoic section indicates that
erosion had not removed many of the rocks by Oligocene
time, and most of the topography and associated erosion
is late Tertiary in age. Upper Cenozoic volcanism, block
faulting, and igneous activity in the Elk Mountains just
west of the Grizzly Peak cauldron complex are widespread,

-13-
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regional features that have affected the geologic setting
of the cauldron complex (Fig. 4). The cauldron complex
is within the Colorado Mineral Belt and may be genetically
related to it.

Colorado Mineral Belt

The Colorado Mineral Belt is a region of dominantly
metamorphic rocks containing a number of Tertiary intru-
sives and associated mineral deposits. The intrusives
are aligned in a distinct northeasterly direction (Tweto
and Sims, 1963). The mineral belt is narrow and well-
defined in the Front Range and the northwest portion of
the San Juan Mountains. ~fuere it crosses the Sawatch
Range, it is broader and more difficult to define. The
two largest, presently exposed, Tertiary intrusives in
the mineral belt, the Mt. Princeton and Twin Lakes Batho-
liths, are in the Sawatch Range (Obradovich et al., 1969).
Tweto and Sims (1963) relate the mineral belt to Precambrian
shear zones that have been reactivated repeatedly threugfie1:it
~nd have localized igneous activity. The
Independence Pass shear zone is an example that trends
northeast along the northern boundary of the cauldron
complex (Fig. 4).

Block Faulting

The central portion of Colorado has been subject
to a late Tertiary overprint of normal block faulting
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(Steven and Epis, 1968). The most outstanding example
of this tectonic style is the Rio Grande rift. The
Arkansas Valley, the northern portion of the rift, is
eight miles eact of the complex, but faults with similar
orientation within the cauldron complex include the Lincoln
Gulch fault and the north-northwest trending faults along
the northeast portion of the complex. The Sheep Creek
fault southeast of the area of investigation may be a
similar structure.

Late Cenozoic Volcanism

The Grizzly Peak volcanic field originally may
have been a portion of a single composite volcanic field
of Oligocene and younger age that covered most of the
southern half of Colorado (Steven and Epis, 1968). As
many as nine cauldrons may have served as sources for the
voluminous ash-flow eruptions and flows in this field
(Burbank, 1932; Steven and Epis, 1968; Luedke and Burbank,
1968; Siems, 1968; Lipman, 1969). The volcanic sequence
is characterized by large volumes of intermediate rocks
in the early stages, followed by abundant silicic ash
flows and later by a less voluminous bimodal assemblage
of mafic and silicic components (Lipman and others, 1969).
The Grizzly Peak volcanic field differs from the other
centers by the absence of a bimodal assemblage. The
Grizzly Peak volcanics grade from acidic to intermediate
in composition, with no mafic members present.
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Igneous Activity in the Elk Mountains

The Grizzly Peak cauldron complex is on the eastern
edge of the Elk Mountains, an area of widespread igneous
activity (Fig. 4). The Elk Mountains have a history of
repeated igneous intrusions of diverse composition and form.
The sequence consists of: (1) felsic porphyries emplaced
as dikes and sills along the margin of the Sawatch block,
(2) stocks" laccoliths, sills, and dikes of granodiorite
and granodiorite-porphyry, (3) small lamprophyre and
gabbroic porphyry dikes and sills, (4) a unLqua soda.~ -
granite that occurs as a large dome near Marble, Colorado
(Obradovich and others, 1969). Examples of all but the
third type are present in the Grizzly Peak volcanic
field. The presence of lamprophyre dikes in Lake Creek,
five miles east of the eastern edge of the cauldron complex
(Wilshire et al., 1965), indicates the analogous igneous
history between the two areas.
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STRATIGRAPHY AND PETROLOGY

Pre-Volcanic Rocks

Pre-volcanic rocks in the vicinity of the Grizzly
Peak cauldron complex consist of Precambrian intrusive
and metamorphic rocks, the Twin Lakes Batholith, and
scattered Paleozoic sediments. Pre-Oligocene erosion
removed most of the Phanerozoic sediments and portions
of the underlying metamorphic and igneous terrain.

Precambrian: The dominant rock type in the Sawatch
Range is biotite sillimanite schist and quartz microcline
gneiss. Wetherhill and Bickford (1965) assigned the schist
an age of 1.65 billion years, based upon rubidium-strontium
isotopes.

Large masses of biotite qua~tz monzonite crop
out near the southern margin of the cauldron complex.
Howell (1919) called these rocks the Mt. Champion quartz
monzonite because of their abundance in the vicinity of
the Mt. Champion area. The rock is light gray, medium
to coarse grained, hypidiomorphic-granular, biotite quartz
monzonite. Quartz monzonite forms the rim of the cauldron
just west of Independence Pass where it is in contact with

18
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welded ash-flow tuffs. Numerous fragments of v~lcanic
alloclastic breccias are made up of similar material.
Howell (1919) mapped some of these breccias as Precambrian
quartz monzonite.

Several large cataclastic and migmatitic zones
are present in and adjacent to the Grizzly Peak cauldron
complex. On the west side of Sayres Gulch, adjacent to
Twin Lakes Batholith, the cataclastic foliation has a
North 200 West strike and vertical dip. Near the head
of the east fork of Sayres Gulch, cataclastic rocks are
present in scattered outcrops but do not have a preferred
orientation.

Paleozoic Rocks: The Paleozoic rocks are not
differentiated on the geologic map (Plate 1). Paleozoic
rocks are preserved in a down-dropped fault block near
the western limit of the area of investigation (Fig. 5);
they are exposed on the eastern side of the east fork
of Bowman Greek. This is the only outcrop of in-place
Paleozoic rocks within the study area. Paleozoic rocks
occur as inclusions in ash-flow tuffs in five scattered
locations within the cauldron complex. The inclusion
at Anderson Lake, a thirty-foot section of dark gray
crinoidal limestone, is probably Leadville Limestone.
The other inclusions are shales and limestones of unknown
age, but probably represent a thin discontinuous veneer
of Paleozoic sediments that were present when the cauldron
collapse took place.
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Han itou dolomite: The rlanitou dolomite is
dark gray, finely crystalline, a dolomite and
dolomitic sandstones. It crops out in a mas-
sive bluff (Figure 6) but has numerous thin
shale breaks. White chert stringers and
nodules are common. The lower contact is
gradational.

Peerless Formation: brown to purplish-gray,
thin beds of alternating sandstone, sandy
do lomite, and sha1e. Severa I wh ite
quartzite beds near the base where it
rapidly grades into the underlying quartz-
iteo

Sawatch quartzite: massive, white to pink
quartzite Ivith scattered brown do Iomiti c
sandstone layers to one foot thick in
the lower half of the unit. The bottom
five feet is conglomeratic and uncon-
fonnably overlies the Sawa tch schist.
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Figure 5 The Paleozoic Section in Bowman Creek, Gunnison County, Colorado
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Figure 6. Manitou Dolomite overlain by biotite
quartz latite ash-flow tuff. View is
east from a point two miles above the
junction of Bowman Creek with the
Taylor River.

•
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Twin Lakes Batholith: The Grizzly Peak cauldron
complex is on the northwest margin of the composite Twin
Lakes Batholith. The batholith ranges in composition
from quartz monzonite to diorite in the study area. It
crops out over an area in excess of 45 square miles south
and east of the cauldron. The cauldron ~omplex occupies
a reentrant in the batholithic mass with northeast and
southwest margins of the main collapse structure nearly
coincident with the two northwest plunging noses of the
mass (Fig. 4). Magmatic activity associated with the
Grizzly Peak cauldron complex may have been localized
by the batholith-country rock interface and the reentrant
between the two plunging noses.

The various rock compositions within the batho-
lithic mass are not consistent throughout the study
area. The more mafic rocks form a discontinuous border
facies between the coarser, porphyritic, more acidic
core of the batholith and the enclosing schist in the
upper reaches of Sayres Gulch and the South Fork of
Lake Creek. In the North Fork of Lake Creek, just above
the junction with the South Fork, the porphyritic quartz
monzonite is in contact with the schist. On the ridge
just south of the forks of Sayres Gulch, the quartz
monzonite porphyry grades into a medium-grained equi-
granular facies that gives way to a fine-grained diorite
at the contact with the country rock. This zoned contact
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is gradational over a two hundred fifty-foot distance.
In the upper reaches of Peekaboo Gulch, the west fork
of Sayres Gulch, and the South Fork of Lake Creek, a
hornblende diorite envelope separates the granodiorite
and quartz monzonite batholith from the country rock.
The hornblende Jiorite is white, medium-grained, crys-
talline, equigranular rock, made up of oligoclase,
albite, and quartz, with subordinate amounts of horn-
blende. The hornblende crystals are euhedral and
preferentially aligned east-west with a 30-40 degree
westerly plunge.

The outcrops of the batholith are massive and
blocky. The fractured quartz monzonite is apparently
a good aquifer, as aspen groves are preferentially located
on the Twin Lakes Batholith outcrops in the South Fork
of Lake Creek. The granodiorite and quartz monzonite
weather a bold white. In the South and North Forks of
Lake Creek, a well developed planar fabric is manifested
by the joints (Fig. 7). These joints show a consistent
east-west strike and a dip of 45 degrees north. The
joints are spaced four feet to eight feet apart, and
some individual surfaces are several tens of feet on a
side. The joints are not aligned with the late aplite
dikes in the batholith or the layering of mafic minerals
described by Wilshire (1968).
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Figure 7. Jointing in the Twin Lakes Granodiorite.
View looking southeast on the south side
of the South Fork of Lake Creek one mile
below Sayres Gulch
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The bulk of the batholithic mass is light gray to
pink, holocrystalline, hypidiomorphic, inequigranular,
seriate to slightly porphyritic. It is composed of
orthoclase pherocrysts to six centimeters maximum dimension
in a groundmass of plagioclase, quartz, orthoclase, and
minor biotite. Hornblende is locally a minor constituent
of the groundmass.

The five chemical analyses of the Twin Lakes·
Batholith reported by Wilshire (1968) fall within the
granodiorite and quartz monzonite fields of Nockold (1954).
The median value contains 71% 5i02, 3.8% K20, 2.9% Na20, and
2.4% CaO (Wilshire, 1968); all of the chemical analyses of
the Twin Lakes Batholith are grouped just below the differenti-
ation line shown on the variation diagram for the Grizzly
Peak volcanic field in Figure 29, included in the following
section on volcanic rocks. The batholith is enriched in
s08ium and deficient in silica relative to the Grizzly Peak

cvolcanic field. It is undertain whether the Twin Lakes Batho-
I

lith and the Grizzly Peak volcanic field represent different
stages of differentiation of the same parent magma, or two
separate magmas. However, the fact that the suite of samples
from the batholith does not plot on the differentiation line
for the calcic and alkali variation diagrams of the Grizzly
Peak volcanic field suggests two separate magma sources.

Isotopic dating of the Twin Lakes Batholith has been
inconsistent to date. Obradovich and others (1969) obtained
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a date of 42 million years from potassium-argon dating
of the biotites; from the same sample, they obtained
a rubidium-strontium derived age of 49.7 million years.
Moorbath and others (1967) reported a r~bidium-strontium
age from biotites of the Twin Lakes Batholith of 56 million
years. Because the batholith predates tr:eGrizzly Peak
volcanic field, a minimum age of 35 million years is
inferred.

Fine-grained diorite crops out in Lincoln Gulch
just southwest of Grizzly Peak. The diorite is a screen
in the cauldron between Ruby and Grizzly Peak. This rock
may be a fine-grained, mafic border of the Twin Lakes
Batholith or Precambrian. The former interpretation is
preferred because of small areas of quartz monzonite
within the diorite, the presence of hornblende, and the
absence of similar rock of definite Precambrian age.

Volcanic Rocks

The term volcanic is considered genetic here.
Regardless of their composition, rocks interpreted to
have a volcanic or volcanic-related mode of emplacement
are described as volcanic. Figure 8 is a diagrammatic
summary of the volcanic units present in the Grizzly
Peak cauldron complex. The ash-flow tuffs are not differ-
entiated on Plate 1.
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Alloclastic Breccia Flows: Large masses of allo-

clastic breccia flows (Parsons, 1968) are present along

the South Fork of Lake Creek and in Sayres Gulch. The

breccia masses are up to one thousand feet thick and are

located along ring-fault zones or concentric fractures.

The flow consists of rounded to subrounded prevolcanic

blocks up to 30 feet in diameter in a matrix of finely

ground rock fragments. The blocks are primarily Precambrian

diorite and gneiss with subordinate amounts of Twin Lakes

Granodiorite. The finely ground interstitial material

makes up less than 10 percent of the rock. No magmatic

material is present in the matrix.

Abundant chlorite in the interstitial material

gives the rock a dark green color. When slabbed, the

chlorite interlayered with feldspar and quartz grains

exhibits a fluidal or banded texture. The breccia flow has

been ubiquitously propylitized. Biotites in the fragments

have altered to chlorite (pennine). Calcite replaces

some of the feldspars in fragments and is a common

constituent of the interstitial material. Pyrite is also

common in the matrix. Figure 9 is a photomicrograph of

the alloclastic breccia flow from the east side of Sayres
Gulch.

The origin of the breccia flow is interpreted as

a three phase process. These are: (1) wholesale fracturing

of the cauldron floor during collapse, (2) mobilization of



T-1538 29

Figure 9. Breccia flow with fragmental quartz and
orthoclase in a matrix of chlorite,
ground-up lithic fragments and pyrite
under plane light. The rock contains
five percent pyrite. Sample was col-
lected from massive breccia flow 1/2
mi NW of East Red.
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the fragments into faults or other conduits by a gas or
a supercritica1 fluid, and (3) extrusion of the breccia
at the surface as a flow. Using Parsons' (1968) classi-
fication of volcanic breccias, this rock is an a11oc1astic
breccia flow.

The collapse of the cauldron produced large volumes
of shattered country rock (Fig. 10). The brecciation is
gradational away from major faults; rocks nearest the faults
consist of rounded fragments in a rock-flour groundmass, but
outward from the fault the shatter zone diminishes until the
breccia consists of shattered country rock essentially in
place. In shattered zones, broken up pegmatite dikes can
be traced for tens of feet.

Frequent occurrences of the breccia flows along ring
zones and thick accumulations near possible vent areas at
East Red and West Red attest to the spatial relationship
between the breccia flows and areas of maximum structural
development. These same structurally active areas have been
favorable loci for intrusive activity. The mobilization of
the rock that was broken up during collapse is evident from
the abundance of breccia inclusions up to one hundred feet in
diameter in the ash flows (Fig. 11). Feeders for the breccia
flows are present along ring faults in Lincoln Creek and
Sayres Gulch. The banded quartz 1atite in Fig. 12 contains
a breccia core and pyroclastic phases. This dike is interpre-
ted to represent the combination of a fluidized intrusive
a11oc1astic breccia and pre-pyroclastic magmatic material.
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Figure 10. A collapse breccia along the edge of
the downdropped block in the southern
collapse structure, it consists of ro-
tated Precambrian gneiss and schist in a
matrix of finer-grained material.
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Figure 11. Ash flow (Ta) with large inclusions of
alloclastic breccias (Precambrian
monzonite). The view is northwest
from a point above the Stewart Mine in
McNasser Gulch.
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Figure 12. The dark material is an a11oc1astic
breccia in the center of the sixty-
foot wide ring dike south of East
Red. Note the flow banding in the
quartz 1atite. The light colored quartz
1atite dike is mixed with the breccia.
The flow banding has irregular swirls
but is conformable to the breccia. Note
the hammer on the left edge of the dark
colored breccia for scale.
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Volcanic Flow Breccia: The volcanic flow breccia
is the transition or gradation where the alloclastic breccia
flows are interbedded with welded ash-flow tuffs. It
consists of alternating layers of alloc:astic breccia and
ash-flow tuffs. This unit is found only in the eastern
edge of the southern collapse structure on both sides of
the South Fork of Lake Creek and on the west side of
Sayres Gulch. The volcanic flow breccia has a maximum
thickness of approximately 1,500 feet with an average
thickness of 850 feet.

The lower limit of the volcanic flow breccia is
defined as the base of the first ash-flow tuff within the
alloclastic breccia flows. The upper limit is transitional
and difficult to determine because of the abundant breccia
inclusions in the later ash flows. The upper limit is
arbitrarily designated as the last tabular, stratabound
mass of alloclastic breccia.

The ash flows of the volcanic flow breccia are quartz
latites to latites, densely welded, and rich in lithic
fragments. The lithic fragments are brecciated Precambrian
granodiorite. Upon weathering, the tuffs form buff-brown
to tan cliffs (Fig. 13). Individual ash flows are from
30 feet to 150 feet thick. No vertical zoning was noted
in any of these ash flows.

The volcanic flow breccia represents the last
stages of the gaseous activity that produced the alloclastic
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Figure 13. Volcanic flow breccia (Tvb) overlies
alloclastic breccia flow (Tbf) and is
overlain by ash-flow tuff (Ta). View
is looking east on the east side of
the South Fork of Lake Creek just
above the mouth of Peekaboo Gulch.
The breccias were deposited unconfor-
mably upon the Precambrian (PGu).

35
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breccia flows. As the volatile content decreased, the
vesiculation within the magmatic material produced ash-flow
eruptions.

Slump Breccia: The slump breccia consists of
blocks of country rock tens of feet in diameter that have
been deposited by mass-wasting in areas of high relief.
These breccias crop out in the upper reaches of Graham
Gulch, McNasser Gulch, and Grizzly Creek (Fig. 14).
These breccias consist of heterolithic, angular blocks of
Twin Lakes Granodiorite, Precambrian quartz monzonite, and
Sawatch schists; many of these allochthonous masses have
been brecciated. Individual angular blocks up to 100 feet
in diameter are not uncommon. The slump breccia just west
of Mountain Boy Gulch contains at least one block of
Precambrian gneiss over one thousand feet in diameter.
Locally, the blocks are piled together without any inter-
stitial material. Where present, the matrix consists of
finely ground rock fragments. Along the north side of
McNasser Gulch, volcanic ash is also present in the matrix.

The slump breccias are wedge-shaped masses that
have been deposited along the downdropped edge of the
cauldron near major bounding faults. Individual units
extend for a mile laterally and are up to 750 feet thick.
Mass-wasting from the walls of the cauldron, mainly gravity
sliding, best explains the location and origin of several
of these large masses. The presence of these slump breccias
in at least two different stratigraphic positions indicates
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Figure 14. Slump breccia (Tsb) on Ouray Peak.
The massive breccia is 200 feet thick
and overlies a tuff breccia (Ttb).
A zoned ash-flow tuff (Ta) overlies
the slump breccia. Note the massi~e
ash flows (Ta) in the background. The
view is north with the Continental
Divide to the left. Graham Gulch is
between Ouray Peak and the massive ash
flows on the Divide.
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multiple periods of collapse in the Grizzly Peak cauldron
complex.

Tuff Breccia: The tuff breccia is composed of
blocks of lithic fragments, primarily Precambrian breccia,
in an ash matrix. According to Wentworth and Williams (1932),
it is a tuff breccia. Small outcrops of tuff breccia are
present throughout the Grizzly Peak cauldron complex.
Some of these exposures undoubtedly represent small vents,
while others are stratigraphic units between welded ash-flow
tuffs. Along the northern edge of the South Fork of Lake
Creek and the upper reaches of Graham and Nigero Gulches,
tuff breccia crops out over a four square mile area (Fig. 15).
Appendix A contains a detailed section of the tuff breccia
on Ouray Peak. These tuff breccias are within and peri-
pheral to several pipes or vents. Along the northern side
of Mountain Boy Gulch, tuff breccia is exposed along the
inside edge of the cauldron rim. Although the intrusive
relationship is not clear now, it is suspected that these
tuff breccias are also related to pipes or vents localized
along the ring zone of the cauldron.

The tuff breccia is light brown to tan and very
fragmental. The rock is unwelded, vesicular, and only
slightly compacted. Bedding is massive or absent with no
sorting of fragments. Principal constituents include
pumice lapilli, vitric ash, and lithic fragments. The
pumice lapilli are brown to deep, glassy green, flattened,
and commonly two to three inches long. The lithic fragments
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Figure 15. Tuff breccia (Ttb) in and peripheral
to a pipe on the Divide between Nigero
Gulch and McNasser Gulch just east of
Ouray Peak. The view is to the north.
The pipe is 1,000 feet wide at this
point and is filled with large allo-
clastic breccia boulders.
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are almost all altered Precambrian granodiorite breccia.
Lithic fragments from earlier ash flows and the Twin Lakes
Granodiorite are rare. The pipes or sources for the
tuff breccia contain more blocks and boulders than the
peripheral tuffs. The vent at the head of Nigero Gulch
has been choked by Precambrian granodiorite breccia
fragments, some of which are tens of feet in diameter.
Rounded Precambrian breccia boulders, two to three feet
in diameter, make up 10 to 20 percent of the tuff breccias
outside of pipes or vents. The matrix of the breccia is
rhyolitic. It was probably originally vitric but is now
devitrified. Vapor phase crystallization is locally impor-
tant. Hydrothermal alteration has affected much of the
tuff breccia around Ouray Peak (Fig. 14). Products of the
alteration include pyrite, sericite, and clay.

The tuff breccia unconformably overlies breccia
flows and Precambrian metamorphic rocks. Near Ouray Peak
the tuff breccia intertongues with a latite ash-flow tuff
that thickens to the west. A similar ash-flow tuff is
interbedded with the tuff breccia on the ridge east cof
Graham Gulch. The tuff breccia is overlain by a slump
breccia at Ouray Peak.

Grizzly Peak Ash-Flow Assemblage: The ash-flow
assemblage consists of thousands of feet of pyroclastic
flows and domes that have ponded in and are peripheral to
the cauldron complex. Five thousand feet of ash-flow tuffs
have ponded in the main collapse structure with individual
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masses up to 3,000 feet thick. Along the west side of the
cauldron complex, the tuffs are peripheral to the cauldron
complex. At the distal ends of the ash flows outside
the cauldron, the sequence is over 1,500 feet thick.
Prior to uplift and erosion of the Sawatch Range, these
ash-flow tuffs were probably much more widespread. The
ash flows have ponded in arcuate fault zones as at West
Red and East Red. Along the rims of the collapse structures,
the ash flows are plastered against the walls or dip inward
toward the throats of exogenous domes. Figure 16 is a
diagrammatic summary of the distribution of the ash flows
in the Grizzly Peak cauldron complex.

The ash flows were deposited by numerous frequent
eruptions that were superposed so quickly that few of the
classic vertical zones, common to most ash flows, developed.
Only at Ouray Peak and on the Continental Divide southwest
of Independence Pass do the classic basal unwelded zones
grade into welded, vitrophyric zones, which are overlain
by unwelded zones (Fig. 14). Where successive flows were
deposited very rapidly as in Graham Gulch, only a thin
basal unwelded zone up to three feet thick separates the
flows. In areas of maximum subsidence, the welded ash
flows are thousands of feet thick with no cooling breaks.

The ash flows of the Grizzly Peak cauldron complex
are shown on Plate 1 as a single unit. These ash flows
represent twenty to thirty different flows from multiple
sources. Locally individual ash flows can be separated by
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basal unwelded zones and/or compositional changes. Corre-
lation of individual flows is hampered by rapid lateral
changes in composition and texture, local ash-flow sources,
and complex structure. Individual ash-flow tuffs are well
developed at the head of Mountain Boy Gulch, in Twin Lakes
Canal Company tunnel number 1, on Ouray Peak, and on
Middle Mountain. In McNasser Gulch, a twenty-foot section
of a crudely zoned rhyodacite tuff is interbedded with
tuff breccia. Although this tuff is in a downdropped
block near the intersection of the ring zones of the two
cauldrons, it thickens to the west toward Grizzly Peak and
may be correlative with some of the ash flows near the
summit of the peak.

The ash flows are massive, welded rhyolitic to
dacitic tuffs. Petrographically, they are light to medium
gray, densely welded, crystal-vitric ash flows of quartz
latite to dacite composition. Fragmental phenocrysts of
quartz, sanidine, oligoclase, and minor orthoclase are
enclosed in a groundmass of gray to brown ash and glass
shards. Accidental fragments are common. All of the
thin sections of ash flows examined contain at least
10 percent lithic material and, locally, near possible
vents, 50 percent of the rock is lithic fragments. The
most common lithic material is a coarse-grained, equi-
granular granodiorite of probable Precambrian age.
Porphyritic granodiorite and quartz monzonite of the Twin
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Lakes Batholith are also common inclusions. Limestone and
shale inclusions up to thirty feet in diameter occur at
Anderson Lake; in McNasser, Graham, and Grizzly Gulches;
and in the Twin Lakes Canal Company tunnel number 1.

Textural variations within the ash flows are dramatic.
Massive, densely welded flows with well developed columnar
joints (Fig. 17) grade rapidly into units that appear to be
stratigraphic equivalents, but are unwelded with little or
no jointing. Vitrophyric zones up to ten feet thick are
well developed in restricted areas but have no stratigraphic
continuity. At the forks of Graham Gulch, thick vitro-
phyres are located along a fault zone.

The structure in the ash-flow tuffs is easily
discerned by the widespread, well developed eutaxitic
texture. Because of the extreme relief at the time of
emplacement, the compaction structures are highly variable.
Along the northern edge of the main collapse structure,
the ash flows have been plastered against the rim and now
dip 40 to 50 degrees toward the downdropped area. Peripheral
to the exogenous domes on the southern edge of the main
collapse structure, the bedding dips inward toward the
throat. The tuffs have been domed around the central
resurgent stock, the Lincoln Creek granodiorite.

The ash-flow tuffs in the Grizzly Peak cauldron
range from dacite to rhyolite with a preponderance of
the analyses falling within or close to the quartz latite
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Figure 17. Columnar jointing in a massive
welded rhyodacite ash-flow tuff in
Lincoln Gulch just south of West
Red. Eutaxitic texture is perpendi-
cular to columnar joints.
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range. Figure 18 summarizes the chemical and petrographic
compositions of samples representative of 5,000 feet of
welded ash-flow tuffs.

Petrographically, sample number ;'1-202is a dark
gray to black, welded, crystal-rich, rhyodacite ash-flow
tuff. Fragmental quartz and feldspar make up 40 percent
of the rock. Plagioclase (andesine) makes up 75 percent of
the feldspar; equal amounts of sanidine and quartz comprise
the remaining phenocrysts. The groundmass consists of
partially devitrified glass shards. Excellent axiolitic
textures have developed in 1 by 2 centimeters pumice
lapilli. Sample number 71-82 is from an ash flow 500 feet
stratigraphically above 71-202 and consists of a brown to
light gray, crystal-lithic, biotite quartz latite tuff
(Fig. 19). Forty-five percent of the rock is subhedral;
plagioclase (andesine) exceeds sanidine and orthoclase,
while 10 percent of the rock is quartz. Biotite makes up
less than one percent of the rock. Sample 71-1710 is a
biotite quartz latite tuff from the center of a flow in
a 1,500-foot section. No thin sections were made from
rocks gathered in the vicinity of the U. S. G. S. samples,
but Candee (1971) described the ash flows on the New York
Canal as rhyolite ash-flow tuffs, and those at Independence
as dacite ash-flow tuffs. The samples from the New York
Canal and Independence are representative of the youngest
ash-flow sequence. From petrographic and field descriptions,
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in the Grizzly Peak Cauldron Complex
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Figure 19. Photomicrograph of a densely welded,
crystal-rich, quartz 1atite ash-flow
tuff. Devitrification of pumice
1api11i results in feldspar masses.
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these ash flows have a range of compositions from dacites
to rhyolites, while chemically they all fit nicely into the
quartz latite field (Nockolds, 1954). Modal analysis of
forty thin sections from the ash flows ~n the Grizzly Peak
cauldron complex indicates a median composition in the
quartz latite range near the rhyodacite bouildary (Fig. 18).
From the chemical data, the compositions are near the
rhyolite-quartz latite interface. The lack of correlation
between chemical and petrographic analysis is probably due
to the abundance of potassium and silica in the glass and
ash in the matrix.

Although individual ash flows were not mapped in the
field, three general subdivisions of the Grizzly Peak
ash-flow tuff assemblage may be justified. The three sub-
divisions of the tuff assemblage are the Graham Gulch tuff,
the Peekaboo Gulch tuff, and the Tabor Gulch tuff (Fig. 16).
It is uncertain whether these tuffs represent separate
stratigraphic units or rapid lateral changes within massive
ash flows. Local contacts cannot be traced throughout
the cauldron complex with any degree of certainty. Although
the three units have similar compositions and their sub-
division is based upon megascopic features, it appears that
they represent a general stratigraphic sequence.

Tabor Gulch Tuff: The Tabor Gulch tuff is
the basal ash-flow tuff in much of the volcanic complex.
The Tabor Gulch tuff is rhyolitic to quartz latitic and
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highly variable in thickness. Stratigraphic sequences

of this tuff up to 1,000 feet thick are present in Tabor

Gulch. Thinner sections are present at the mouth of

Sayres Gulch and in Twin Lakes Canal Company tunnel

number 1. A similar unit forms the lower 400-foot portion

of the ash-flow tuffs in Bowman Creek outside the main

collapse structure. This group of ash flows is light

to medium gray, slightly welded, and crystal-vitric rhyolite

in composition. Phenocrysts of quartz and sanidine make

up 30 percent of the rock. The average diameter of the

anhedral quartz grains is one millimeter; quartz pheno-

crysts two millimeters in diameter are uncommon. Sanidine

phenocrysts are" less than one millimeter in diameter. Up

to 10 percent of the rock is rounded, one-millimeter-in-

diameter oligoclase phenocrysts. Pumice lapilli, one

centimeter long, without preferred orientation, make up

15 percent of the rock. Only traces of biotite are present

in scattered samples. Microscopically the rock shows

minor axiolitic texture. Upon weathering, the tuff bleaches

light gray to white. A platy jointing parallel to the

compaction is cornmon, with individual plates up to two
inches thick.

Peekaboo Gulch Tuff: The Peekaboo Gulch tuff

is a series of dense, dark gray to black ash-flow tuffs in

the southern portion of the study area (Fig. 20). This

unit forms a massive pile in excess of 3,000 feet thick in
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Figure 20. Massive Peekaboo Gulch ash-flow tuff
at the head of McNasser Gulch. Note
the limestone inclusion and the
latite (Tld) and rhyolite (Trd)
dikes. Structures within the ash
flow (Ta) are concentric faults
peripheral to the south edge of the
main collapse structure to the right
of the photograph. View is to the
west from the head of McNasser Gulch.
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a concentric zone of subsidence at the head of Peekaboo
Gulch. Another thick sequence of this unit is present at
Truro Peak, where it overlies the Tabor Gulch tuff. Else-
where the stratigraphic association of the Tabor Gulch and
Peekaboo Gulch tuffs is not clear. The composition is
quartz latite, characterized by white, anhedral plagioclase
crystals, one to two millimeters in diameter, in a groundmass
of glass shards and pumice lapilli. Densely welded portions
of the flow look much like lava, but pumice lapilli, glass
shards, and the fragmental nature of the crystals are
discernible under the microscope. Near Tabor Lake the
color of the tuff changes from red to gray along sharp
contacts, giving a marbled appearance. Lithic fragments
of both coarse-grained granodiorite and earlier ash-flow
tuffs are common. Devitrification has affected the pumice
lapilli and small one to two millimeter patches within the
matrix.

Graham Gulch Tuff: The Graham Gulch tuff is a
red-brown to tan, lithic-crystal-rich, quartz latite ash-
flow tuff. , .It ~s well exposed in Graham Gulch where it
has ponded to a thickness of at least 1,500 feet. In this
subsided area, nine flows are preserved on the Continental
Divide east of Grizzly Reservoir (Fig. 21). The entire
sequence of 1,500 feet of welded quartz latite ash-flow
tuffs has the same general composition. Individual
flows are discernible by a two to three-foot unwelded



T-1538 53

Figure 21. Multiple cooling breaks in the
Graham Gulch ash-flow tuffs on the
divide between Grizzly Creek and
Graham Gulch. Flows dip away to
the right at 30 degrees. View is
west from the west side of Graham
Gulch. One thousand feet of ash-
flow tuff are visible in the
photograph.
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zone at the base. Rounded Precambrian metamorphic and
Twin Lakes Granodiorite boulders up to three feet in diameter
are commonly present in the basal unwelded zone.

Petrographically, the Graham Gulch tuff consists
of phenocrysts of quartz, plagioclase (andesine), and sani-
dine, making up 45 percent of the rock. Quartz phenocrysts
are commonly less than two millim&~rs in diameter and
anhedral. Ubiquitous biotite, making up 2 percent to
5 percent of the rock, averages two millimeters in maximum
dimension. Minor axiolitic texture and traces of devitri-
fication within the groundmass may be seen microscopically.
Light brown to yellowish pumice lapilli up to five centimeters
in length are found throughout the rock (Fig. 22). Pyrite
grains make up slightly less than 1 percent of the rock by
volume.

The primary sources for the Graham Gulch tuff
and other late ash flows are the exogenous domes along the
southern ring zone of the main collapse structure at
Truro Peak and Grizzly Peak. The origin of the earlier
ash flows is uncertain and can only be inferred by the
presence of thick ash-flow sequences and the distribution
of major structures. Pyroclastic dikes along ring zones
are important sources of pyroclastic material. Burbank
and Goddard (1935) described fissure eruptions of pyro-
clastic material in their study of the Twin Lakes Canal
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Figure 22. Pumice lapilli in a moderately welded
portion of the Graham Gulch ash-flow
tuff in McNasser Gulch. The rock
breaks along bedding planes exposing
the maximum dimension of the flattened
pumice lapilli. Note the gneissic
lithic fragments.



T-1538 56

Company tunnel number 1 (Fig. 23). Massive ash flows in
the upper reaches of Grizzly Creek very likely originated
from local sources along the ring zone of the main cauldron.
Thick sequences of ash-flow tuff, just south of West Red,
were ponded against the fault scarp of one of the concentric
faults in the southern collapse structure and probably
have a local source along the fault (Fig. 24). A similar
scarp, with ash flows plastered to the upthrown side, is
present along the northern rim of the main collapse structure.
The east and west margins of the main collapse structure
are covered by late ash flows.

On the ridge between Nigero Creek and the east
fork of Graham Gulch, two pyroclastic pipes are exposed
(Fig. 25). These pipes are probable sources for the thick
piles of ash-flow tuff of relatively restricted distribution
throughout the cauldron complex. Both pipes are located
along the ring zone with associated fissure eruptions, .
described by Burbank and God9ard (1935). The pipes are
500 feet in diameter and are composed of densely welded
glass shards with abundant lithic material. Pumice 1api11i
are randomly oriented, contrasting with flattened 1api11i
in flows around the pipes.

Volcanic Domes: Truro Peak and Grizzly Peak are
two exogenous volcanic domes (Williams, 1932, p. 54) that
were sources for a portion of the late ash-flow tuffs.
Both of these peaks consist of thousands of feet of ash
flows and breccias ,that have accumulated over the throat
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Figure 24. Thick sequence of quartz latite ash-flow
tuffs ponding in a collapsed zone left
of concentric fault (dashed) south of
West Red. Two thousand feet of ash-flow
tuffs are shown in the photograph. View
is east from Lincoln Gulch one-half mile
south of West Red.



T-1538 59

Star Mf

Figure 25. Two pyroclastic pipes approximately
600 feet in diameter exposed along
the ridge between the east fork of
Graham and Nigero Gulches. The view
is to the north from near Ouray Peak.
These pipes are along the east edge
of the main collapse structure.
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of the dome. The Sawmill plug may be a deeply eroded dome
where erosion has removed the mushroom portion of the
dome; it occurs along a ring-fault zone between Grizzly
Peak and Truro Peak.

The domes have been dissected by glacial erosion,
but were originally crudely circular in plan with a
diameter of 3,000 to 4,000 feet. In cross section the
domes consist of a mushroom-shaped mass (Fig. 26) overlying
the funnel-shaped throat. The domes at Truro Peak and
Grizzly Peak are characterized by steep, inward-dipping,
flow layering that flattens away from the extrusive center.
Within the dome flow layering is contorted; individual
flows are mixed with irregular masses of unwelded ash.
The volume percent of lithic fragments and the size of the
pumice lapilli increase in the central part of the dome.

Tuff breccias are interbedded with the ash-flow
tuffs that dip inward toward the throat or orifice (Fig. 26).
Both the tuff breccias and the ash flow thin rapidly away
from the throat of the dome.

Stocks, Plugs and Pipes: The Lincoln Gulch stock
dominates the main collapse structure. This intrusion is
an eroded central resurgent dome (Candee, 1971). The
Lincoln Gulch stock is a medium-grained biotite grano-
diorite porphyry. The stock crops out over a rectangular
area of seven square miles and is surprisingly uniform in
composition and texture. The contact between the stock and
the enclosing ash-flow tuffs is sharp, with only a few feet
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Figure 26. Exogenous dome at Grizzly Peak.
Ash flows in the foreground dip
progressively steeper toward the
base of the peak. Ash flows in the
valley are part of the Tabor tuff.
Graham Gulch tuff caps the ridges.
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of chilled aphanitic material on the outer edge of the
stock. The abundance of lithic inclusions up to tens
of feet in diameter and the lack of radiating dikes suggest
emplacement by passive, piecemeal stoping. The ash-flow
tuffs have been domed around the Lincoln Gulch stock.
Granodiorite porphyry dikes resembling the Lincoln Gulch
stock are concentrated in the ring zones of the main
collapse structure.

Several small stocks and plugs of quartz latite
composition are shown on Plate 1. These intrusive rocks
occur along an arcuate zone extending from the Divide between
Pine and Bowman Creeks to West Red. In the western portion
of the zone, only one stock was mapped. Other intrusives
of similar composition and texture were noted in Tellurium,
Pine and Bowman Creeks; they were not outlined because
of the reconnaissance nature of the mapping in that area.
Although these intrusives are in a concentric zone peripheral
to the ring zone, they may connect with the classic ring
dike at depth.

The quartz latite is gray to gray-green with pheno-
crysts of plagioclase (oligoclase), orthoclase and quartz
making up 50 percent of the rock. These phenocrysts are
subhedral and average one centimeter in diameter. The
quartz phenocrysts are slightly rounded and make up
10 to 15 percent of the rock. Biotite books are up to
two millimeters in diameter and comprise up to 5 percent

•
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of the rock. Pyrite is present in most of the stocks and
locally makes up 5 percent of the rock. The borders of
the intrusives are fine-grained and often flow-banded.
The stock at the head of Pine Creek contains a quartz
stockwork and is altered to quartz and sericite, but no
copper or molybdenum was detected from three rock chip
samples. Upon weathering, the groundmass of the quartz
latite porphyry bleaches white to light gray.

The Sawmill plug is located where the stream draining
Anderson Lake enters Lincoln Creek. On Plate 1, this plug
is shown as quartz latite. The quartz latite designation
is somewhat generalized in that the plug is composite, with
several compositions and textures. The geology of this
plug is shown in Fig. 27. Most of the exposed area within
the plug is an altered quartz latite with a pyrite content
of 5 to 7 percent. The central portion of the plug is a

?banded felsite porphyry that grades into a pyroclastic core.
Several vuggy rhyolite dikes up to four feet in width cut
the central pyroclastic phase (Fig. 28). Crystal alignment
in the quartz latite and the eutaxitic texture in the
pyroclastic core are both quaquaversal with respect to the
center of the mass. The contacts of the plug with the
enclosing diorite of uncertain age are marked by dense,
glassy porphyry. A breccia is present along a 200-foot
section on the northeast edge of the plug. The breccia
is up to fifty feet wide and consists of angular aphanitic
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Figure 28. The vuggy rhyolite dike that cuts the
central pyroclastic portion of the
plug in Lincoln Gulch. Note the blade
of a pocket knife for scale.
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fragments less than six inches in diameter in a quartz
matrix. Dikes of quartz latite to rhyolite composition
radiate in all directions from the plug (Fig. 27).

The Sawmill plug has two possible origins: (1) it
may be a deeply eroded exogenous dome analogous to the
two domes that occur along the ring zone on either side
of the plug, or (2) it may represent a late igneous event
that post-dates the cauldron development and was localized
by north-south block faulting along Lincoln Gulch. The
latter interpretation is preferred because the plug is
more acidic than the earlier intrusives which are a series
of progressively more mafic intrusions that culminated in
the andesite dikes that cut the Lincoln Gulch stock. The
variation diagram (Fig. 29) depicts the change in composi-
tion of the intrusives of the Grizzly Peak cauldron complex
with time. The lack of any offset in the Lincoln Creek
fault which shows dramatic offset of the Lincoln Gulch
stock also suggests that the plug is later. The plug has
been altered and mineralized. The alteration consists of
quartz-sericite-pyrite core surrounded by argillic zones.
Mineralization is primarily sphalerite and galena in veins
and dikes that radiate from the plug. Several adits and
shafts explore the mineralization, but there has been no
production to date.

Dikes: The dikes in the Grizzly Peak cauldron complex
are important in understanding the geology of the area.
Concentric quartz latite and granodiorite dikes define both
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the main collapse structure and the incipient, asymmetric
collapsed area to the south. Radiating dikes, common
in most resurgent cauldrons, are absent. Minor radiating
dikes of quartz latite and rhyolite are peripheral to the
stock at the head of Pine Creek and the Sawmill plug.
Chronologically, age relations between different dikes
are not clear, but it appears that the granodiorite or
intermediate dikes that formed during the main cauldron
collapse give way to a later bimodal assemblage of rhyolites
and andesites.

The dikes of granodiorite, latite, and quartz latite
are the most common in the cauldron complex. These dikes
are green to light gray, holocrystalline, inequigranular-
porphyritic-microphaneritic, and rich in biotite. The
granodiorite dikes are crystal-rich with greater than
50 volume percent of the rock consisting of zoned plagio-
clase (andesine), orthoclase, and beta quartz. The latites
and quartz latites are crystal poor and have a felsic
groundmass. The potash feldspars in the quartz latite and
latites consist of sanidine and orthoclase, the former being
slightly more abundant. The plagioclase consists of both
andesine and oligoclase.

The intermediate dikes of quartz latite and grano-
diorite occur in the ring zones of both collapse structures.
The ring dike exposed in Twin Lakes Canal Company tunnel
number 2 is slightly more acidic than the ring dikes present
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along the southern edge of the main collapse structure.
The ring dikes appear to become slightly more mafic on the
southwest edge of the main collapse structure. Similarly,
the concentric dikes become more mafic toward the central
resurgent dome. The eastern portion of the ring zone of
the southern collapse structure is occupied by a large
quartz latite dike. Where the erosion in Sayres Gulch
has exposed the dike nearly two thousand feet below its
fifty-foot wide outcrop at East Red, the dike is 350 feet
wide. This dramatic thickening of the ring dike may
indicate the proximity of the magma chamber beneath the
cauldron complex. The same ring zone also contains
pyroclastic and rhyolite dikes. Only the rhyolites are
present in the western portion of the ring zone on Jenkins
Mountain.

The acidic dikes, mainly rhyolite and lesser quartz
latites, occur in two modes: (1) radiating from the
plug in Lincoln Gulch, and (2) concentric to and near the
southwest margin of the southern collapse structure.
Several rhyolite dikes in the western part of the area
do not fit well into either of these modes. Some of these
dikes appear to radiate from an alteration center on the
Divide between Galena and Tellurium Creeks. Other dikes
in the are show no preferred alignment.

The rhyolite dikes are green to tan, porphyritic-
aphanitic rocks with euhedral and rounded quartz pheno-
crysts up to three millimeters in diameter. Smaller quartz
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grains are common in the groundmass, as are euhedral magne-
tite grains. Ghosts of feldspar veins up to two millimeters
in diameter are largely sericite. Figure 30 shows the
euhedral, slightly resorbed quartz grair,sfrom the dike
on Jenkins Mountain.

Andesite porphyry dikes are late in the sequence
of igneous events. The chronological relationship between
the andesites and rhyolites is uncertain. The andesite
porphyry dikes are crudely concentric to the ring zone in
the southern collapse structure. Candee (1971) reports
that andesite dikes cut the Lincoln Gulch stock.

The andesite dikes are green to brown, porphyritic-
aphanitic with zoned plagioclase and orthoclase in a
microcrystalline groundmass. The plagioclase feldspars
are nearly all andesine with only a few crystals in the
oligoclase range. Biotite, hematite, and magnetite in
one millimeter grains are present throughout the groundmass.

Pyroclastic dikes are common throughout the Grizzly
Peak cauldron complex, but are preferentially located along
major faults. Several pyroclastic dikes are found along
the ring zone within which East Red is located. Pyro-
clastic dikes on either side of West Red seem to be aligned
along the arcuate fault zone that trends easterly across
the altered area. One two-foot pyroclastic dike cuts the
slump breccias on Ouray Peak. Figure 31 is a detailed
description of a pyroclastic dike exposed in a roadcut
below East Red.
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(a) Photomicrograph of beta quartz in
an aphanitic groundmass. Note the
partially resorbed rim on the quartz
grain.

I I

1/2 inch

(b) Hand specimen of the tan to brown
rhyolite porphyry ring dike with
15% subhedra1 quartz phenocrysts in
an aphanitic groundmass.

Figure 30. Rhyolite ring dike on Jenkins Mountain.
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Figure 31 Pyroclastic dike North of East Red
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Figure 32. Photomicrograph of pyroclastic dike.
Note the abundant fragmental grains
and the crude banding.
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Pebble dikes are present at West Red and along the
ring-fault zone west of the Sawmill plug. The dikes are
up to eight feet thick and consist of rounded quartz
pebbles less ttan an inch in diameter in a red-brown
matrix of rock-flour, clay, and sericite. Individual dikes
contain anomalous amounts of molybdenum, but the trace
element content is not consistent.

The composition of the dikes reflects the character
of the magma source and the changes that took place in it
during the development of the Grizzly Peak cauldron complex.
A threefold sequential subdivision seems reasonable:
(1) early acidic ash-flow eruptions, (2) a series of
intermediate dikes that culminated in the Lincoln Gulch
granodiorite stock, and (3) the acidic Sawmill plug and
associated dikes (Fig. 29). The variation curve in Fig. 29
is reasonably close to a straight line, with only the two
altered samples plotting some distance from the curve.
The variation curve for the Grizzly Peak cauldron complex
is slightly different from that of the San Juan volcanic
field. It is uncertain whether the two areas have separate
sources or similar sources with different depths of magma
generation, magma composition, or degree of fractional
crystallization. Both volcanic suites are calc-alkaline;
the Peacock alkali-lime index (Peacock, 1931) for the
San Juan volcanic field is 59.4 (Barth, 1962, p. 171),
while the Grizzly Peak volcanic field's alkali-lime index
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is 56. Because the San Juan and Grizzly Peak volcanics
are closely associated in space and tlme, it would appear
that the magmatic sources were also related.

Table 1 is a summary of the chemical analyses of
dikes within the Grizzly Peak cauldron complex. The
calcium, silica and alkali contents shown to the nearest
tenth of a percent were determined chemically. The silica
contents shown to the nearest one percent were determined
from the potassium content and the variation curve in
Figure 29. The chemical composition is consistently more
acidic than determinations by petrographic means.
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Table 1. Chemical Analysis of Dikes in the
Grizzly Peak Cauldron Complex

Sta. No. .Lo cat.Lon Si02 K20 CaO Na20 Name
69-253 Center of S. Col- 65.0 5.7 5.2 2.2 Tgdlapse Str.
69-206 Concentric at head 62.4 3.3 3.9 3.4 Tgdof McNasser
69-911 Concentric dike on 66.6 3.9 3.4 3.9 TgdStar Mountain
69-234 Concentric above 64.6 3.2 3.3 3.6 TgdHenschel Lake
69-3918 Center of S. Col- 67.5 3.5 2.7 1.5 Tqldlapse Str.
70-201 Ring dike in 70 3.7 1.8 2.6 TqldTunnel if2
71-193 Ring dike in 73 4.0 1.0 3.0 TqldSayres Gulch
70-263 Concentric dike at 62 3.1 0.10 3.6 TqldPetroleum Lake
69-234a Radiating from 80.7 4.4 0.37 2.4 TrdSawmill plug
69-345 Concentric in S. 77.9 4.9 0.06 0.19 TrdCollapse Str.
70-401 Radiating from 81 5.0 0.40 3.0 TrdSawmill plug
70-405 Radiating from 82 5.5 0.25 1.0 TrdSawmill plug
70-174 Concentric dike at 74 4.3 0.71 0.19 Trdhead of Tabor Gulch
70-232 Ring dike on 81 5.2 0.27 2.2 TrdJenkins Mountain
69-433 Concentric pyro- 73.5 3.4 1.2 2.3 Tpydclastic dike N. ofEast Red
69-4313 Concentric ring dike 73 4.4 1.5 1.9 Tpydat East Red
69-3915 Center of S. Col- 60.2 2.8 5.3 3.4 Tadlapse Structure



T-1538

STRUCTURAL GEOLOGY

The Grizzly Peak cauldron complex is in the eroded
Precambrian core of the Sawatch Range uplifted block.
The cauldron's relationship to such major regional features
as the Laramide Orogeny is uncertain. No Laramide struc-
tures were recognized in this study.

Volcanic Collapse Structures

Volcanic collapse structures are those faults
that are related to cauldron development.

Mount Elbert Volcano-tectonic Depression: The
Grizzly Peak cauldron complex appears to be localized
within a larger collapse structure (Fig. 33). A detailed
study concerning the presence of such a structure was
beyond the scope of this investigation, but several points
of evidence can be documented.

A crudely elliptical drainage pattern fifteen miles
in diameter that contains the Grizzly Peak cauldron complex
along its western margin is shown on Figure 33. This
structure may be an incipient, deeply eroded analogue of
the San Juan volcanic depression (Luedke and Burbank, 1968).

77
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Evidence supporting this concept includes:
1) A crudely elliptical drainage pattern that

includes the cauldron complex. The pattern
is highlighted by deflection of the Taylor
River and rectangular drainases on both sides
of Lake Creek (Fig. 33).

2) Extrusive volcanic rocks are confined to the
depression.

3) Widespread molybdenum and copper mineraliza-
tion is present within the depression. Five
molybdenum prospects are located along the
edge of the structure. Two other prospects
are located within the Grizzly Peak cauldron
complex (Fig. 33).

4) Step faulting with associated dikes is present
along Lake Creek three miles west of Twin
Lakes (Wilshire, 1965).

5) Quartz porphyry dikes and small plugs are
concentrated along the edge of the depression
(Howell, 1919; Wilshire, 1965; Brock, 1972).

Structures of the Grizzly Peak Cauldron Complex: Many
of the faults associated with the Grizzly Peak cauldron
complex are masked by the ash flows that accompany and
post-date the faulting. Exogenous domes are located in
structurally active areas and have ponded thousands of
feet of ash flows in areas of maximum subsidence (Fig. 24).
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Several of the major faults were not recognized
until a structure contour map was made of the prevo1canic
surface (Fig. 34). The map shows how the topography in the
vicinity of the cauldron complex would appear if the volcanic
rocks and the effects of glaciation were removed. The
extreme relief in the area provided widespread exposures of
the volcanic-prevolcanic interface. Where the glaciation has
cut deeper than the prevolcanic surface, the contours are
projected. The sag zone concentric to and south of the main
collapse structure was first recognized during the construc-
tion of the structure contour map (Fig. 34). Only a few
minor faults east of Ruby were mapped at the surface, but
the rapid changes in thickness of the ash flows suggest
ponding against fault scarps. Figure 24 shows the southern
bounding fault of the sag zone just south of Ruby. Thick
sequences of rocks of similar lithology and abundant breccias
hampered identification of faults.

Most of the faults are concentric to areas of
maximum collapse. The downthrown side is toward the center
of the collapse structure. The faults have near vertical
dips that commonly change directions along strike. Observed
strike separations exceed dip separation. A series of
concentric step faults, at the head of Sayres Gulch, just
inside the ring zone of the southern collapse structure has
2,000 feet of vertical separation. The major faults are
marked by wide shatter zones that are often partially

/
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occupied by later intrusives. Maximum collapse occurs at
the intersection of the two ring zones at the mouth of
McNasser Gulch.

The historical development of the Grizzly Peak
cauldron complex includes a series of collapses with
concomitant and later ash-flow eruptions. The absence
of any interflow sediments within the collapse structures
indicates that the structural development was rapid.
Figures 35 through 39 are a simplified schematic represen-
tation of the important events in the development of the
Grizzly Peak cauldron complex. These isometric drawings
are highly interpretive and represent nearly arbitrary
reference points in what was a continuous series of ash-
flow eruptions and cauldron collapse.

Prior to the initial collapse, a relatively flat
Oligocene surface had developed upon the Precambrian
metamorphic rocks and the Twin Lakes Batholith (Fig. 35).
The surface is preserved beneath the ash flows in Pine
and Tellurium Creeks. A number of concordant summits at
a present elevation of 12,500 feet are scattered along the
western edge of the cauldron complex and may represent
the remains of the surface.

The collapse of the cauldron complex began in the
early Oligocene with the foundering of a semicircular
block of basement rock six miles in diameter (Fig. 36).
This area of early collapse is shown as the main collapse
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structure on Figure 34. Absence of volcanic material in
slump breccias in the volcanic section indicates collapse
with considerable relief on cauldron wall prior to any
significant volcanic activity. The thick sequence of ash
flows ponded in this main collapse structure is compatible
with early collapse.

A parasitic collapse structure developed on the
southeast edge of the main area of subsidence after the
main collapse (Fig. 37. This collapse is shown as the
south collapse structure on Figure 34. Offset of dikes
concentric to the main collapse structure along the ring
zone of the southern collapse structure and ponding of
ash flows indicate that this collapse post-dates the
main collapse structure but predates some of the voluminous
ash-flow eruptions. The parasitic configuration also
suggests that this collapse followed the main collapse.

Voluminous ash-flow eruptions were late in the
development of the Grizzly Peak cauldron complex (Fig. 38).
This volcanic activity was concentrated along the common
boundary of the two cauldrons and was dominated by two
exogenous domes, Grizzly Peak and Truro Peak, that were
sources for at least part of the Graham Gulch tuff.
These ash flows ponded against earlier concentric faults
and covered ring zones.

The last stages of cauldron development consisted
of resurgence of a central dome, the Lincoln Gulch stock,
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and collapse along the ring zones (Fig. 39). The Lincoln
Gulch stock intruded and domed the entire sequence of
ash-flow tuffs. The latest ash-flow tuffs are offset
along faults bounding the collapsed area at the mouth of
McNasser Gulch. Similar collapse along the.south ring
zone of the southern collapse structure (Fig. 40) may have
occurred at this time, but no data suitable to date this
event were obtained.

Post-volcanic Structures

At least two faults striking north 10 to 20 west
cut the cauldron complex. The largest is the Lincoln
Gulch fault in Lincoln Creek. The other fault crosses
McNasser Gulch near the Stewart Mine. These faults have
near vertical dips and are characterized by dip separations
in excess of 1,000 feet. The strike separation on the fault
in McNasser Gulch is not known, but the Lincoln Gulch fault
has approximated 1,000 feet of right lateral offset at both
the concentric fault at the head of Lincoln Creek and the
contact of the Lincoln Gulch stock. The fault in McNasser
Gulch brought the breccias and ash-flow tuffs into contact
with the Precambrian basement.

The two faults mentioned above may be related to
the late Tertiary block faulting that Epis and Scott (1972)
have documented to the east of the Sawatch Range. The
presence of the block faulting in the Sawatch Range is
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••

Figure 40. Alteration and faulting in Precambrian
diorite near the ring dike in Red
Mountain Creek. The view is west from
a point near the outcrop of the ring
dike. Note the increase in faulting
and staining toward the ring dike
which is to the left of the photograph.
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also suggested by tilting of the uplifted block in the
late Tertiary. The fault scarp along the east side of
the range and deeper erosion on the eastern periphery of
the Grizzly Peak cauldron complex are evidence for the
late Tertiary tilting.
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MINERAL DEPOSITS

Little has been written about the mineral deposits
in the Grizzly Peak cauldron complex. Howell (1919)
included a short section on the are deposits in his paper,
and the report by Rohlfing (1935) in the Colorado School

, of Mines Library described the mineralization at Indepen-
dence. These are basically field descriptions of isolated
occurrences.

The extreme relief and large size of the Grizzly
Peak cauldron complex affords an opportunity to look at
the ore-forming processes in several volcanic and sub-
volcanic environments. The complex has been subject to
multiple mineralizing events in a number of different
environments. In general, the deposits are epithermal
(Parks and Mac Diarmid, 1970, p. 344) with the stockwork
molybdenum deposits being the high temperature low pressure
portion of the epithermal classification. All the minerali-
zation is closely associated in time and space with the
formation of the cauldron. The mines and mineral deposits
of the Grizzly Peak cauldron complex are shown in Fig. 41.

92
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Veins

The character of the vein deposits within the

Grizzly Peak cauldron complex varies greatly. The deposits

are essentially epithermal vein fillings in faults and

fractures. The veins ocdur along major fault zones and

peripheral to large alteration centers. Typical veins

consist of pyrite, chalcopyrite, sphalerite, and galena

in a gangue of quartz and barite. Gold, polybasite, native

silver and altaite (PbTe) are present in trace amounts.

Figure 42 shows native silver and polybasite from a small

vein that was cut by the Twin Lakes Canal Company tunnel

number 1. This mineralization is near the northern projec-

tion of the fault that is mineralized in McNasser Gulch
and Peekaboo Gulch.

Stewart Mine: The Stewart Mine is a series of

shallow prospect pits and adits on quartz-gold veins along

the fault forming the western edge of the sag zone in

McNasser Gulch. Figure 43 is a map of the workings. The

veins are from a few inches to one foot thick and contain

sphalerite and chalcopyrite in a quartz gangue. A suite

of samples collected from the surface and subsurface

contained considerable tellurium. Study of the polished

sections with high tellurium content revealed exsolved

grains ofaltaite from sphalerite. The samples collected

from the surface contained several grains of gold. The

same vein was sampled in the drift 40 feet below the
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Figure 42. Native silver (Ag) exsolved from
polybasite (P) from a four-inch vein
in Twin Lakes Canal Company tunnel
number 1.
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Figure 43 Geologic Map of the Stewart Mine, McNasser Gulch,
Chaffee County, Colorado
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surface and no gold was found. Development to date at
the Stewart Mine has also demonstrated the lower grades
of mineralization at depth. At the portal of the Stewart
Mine, the present erosional surface is c,pproximately
coincident with the unconformable surface upon which the
volcanic rocks were deposited. The gold was probably
deposited at low temperature along the permeable interface
between the overlying volcanics and the Precambrian granite.
The associated gold and altaite apparently reacted to the
rapid drop in pressure that would occur at such an inter-
face (Fig. 44).

Ruby: Several veins of chalcopyrite, sphalerite
and pyrite are present in the vicinity of the Ruby town-
site. The numerous caved workings were probably developed
on similar structures. The veins are in the massive
ash-flow tuffs and trend North 20 West with steep to
vertical dips. Specimens collected from dumps indicate
a maximum vein width of six inches. Several breccia masses
with a manganese and hematite matrix are present in the
dumps southwest of Ruby on the west side of Lincoln Gulch.

Barite Veins: Barite veins are scattered throughout
the area. Barite commonly forms the gangue mineral in
sulfide veins as it does in the Aspen District to the west.
Several of the barite veins are relatively pure and locally
abundant.

Two areas contain a high concentration of barite



T-l538 98

Figure 44. Gold (Au), sphalerite (ZnS), and
galena (PbS) from the Stewart Mine.
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veins. In the upper reaches of Galena Gulch, barite
veins up to two feet in width are concentrated over a
one-square-mile area; eleven veins were noted and others
could undoubtedly be located with a more detailed investi-
gation. These veins appear to be random but overlie the
southwest portion of the ring zone of the main collapse
structure. In the upper reaches of Peekaboo Gulch, several
relatively pure massive barite veins up to one foot in
width trend northeast with steep north dips.

Isolated barite veins and occurrences were noted
in the tuff breccia at the head of Mountain Boy Gulch
and along the Continental Divide. The barite vein about
3,000 feet south of Independence Pass contains significant
amounts of copper and silver.

The barite veins consist of massive intergrowths
of tabular, euhedral white crystals up to 1% inches in
length. These relatively pure veins are interpreted as
shallow halos or fronts peripheral to major centers of
mineralization. A good inverse correlation between barite
and higher temperature elements such as tin, molybdenum
and bismuth can be made in the Grizzly Peak cauldron complex.
Bryant (1970) has presented data from the Elk Mountains
to the west which show a similar inverse correlation
between molybdenum and barite. Data by Ishihara (1968)
from the Questa deposit indicate a similar build-up of
barite peripheral to that deposit.
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Veins Peripheral to Mineralized Centers: Base
and precious metal veins are peripheral to major centers
of mineralization at East Red Mountain and in Lincoln
Gulch. Some of the veins at Ruby may be peripheral to
mineralization at West Red, but the relationship is not
clear.

At East Red the veins radiate from the intrusive-
alteration center. A halo of galena, chalcopyrite, and
sphalerite veins is discernible on the Bast side of Sayres
Gulch, slightly lower than the spectacular stained zone.

The small plug in Lincoln Gulch is partially
surrounded by a series of radiating base metal veins.
This plug and the associated veins and prospects are
shown in Fig. 27. The veins are up to six inches thick
and consist of sphalerite, galena, chalcopyrite, and pyrite
in a barite and quartz gangue. Traces of antimony,
tungsten, molybdenum and silver were detected by spectro-
graphic analyses of specimens from the dumps of prospects
on these veins.

Independence and Mt. Hope: The mineralization in
the vicinity of Independence was described by Rohlfing
(1935) in a private report" that is now in depository in
the Colorado School of Mines Library. Rohlfing indicates
the veins at Independence trend North 50 West and dip
20 to 45 South and vary from 3% to 10 feet in thickness.
There are three parallel veins with the central vein
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being the most mineralized. Striations within the veins

are horizontal to plunging 15 degrees southeast. At Mt.

Hope, Rohlfing reports the vein trends North 60 West and

dips 40 South with a one to six-foot wi~th (Rohlfing, 1935).

The veins are composed of pyrite and chalcopyrite in

a quartz gangue. Average content of prQciotis ~etals was 15

ounces of silver and 1.5 ounces of gold per ton. Total

production from 1879 to 1899 is estimated at $900,000
(Rohlfing, 1935).

The veins radiate from the northern edge of the col-

lapse structure and are probably analogous to rich deposits

northwest of the Silverton cauldron on radiating structures.

Rohlfing (1935) indicates that the veins are simple on the

north end but are downfault to the south. This probably

represents downfaulting parallel to the margin of the

collapsed area. Anomalous amounts of bismuth, boron, cobalt,

and niobium were detected by spectrographic analysis in sam-

ples collected from the dumps at Independence and Mt. Hope.

Enterprise: The Enterprise Mine is near the western

margin of the southern collapse structure. The country

rock is Precambrian gneiss, but the workings are only a

few tens of feet below the overlying ash-flow tuffs.

The mine has been developed on a vein or series of

veins that trend North 20 West and dip 75 North. The
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vein is parallel to the projected ring fault zone in
that area.

The vein is up to 14 feet wide with galena, chalco-
pyrite, pyrite and sphalerite in a quartz gangue. The
vein has been exploited for gold and silver with values
near 0.10 ounce per ton gold and 15 ounces per ton silver
where the vein approaches mineable widths. The vein
changes rapidly in width and te~r~with 1.5 feet being
the average width (Wilcox, 1932). A semiquantitative
analysis of some specimens taken from the dump below
tunnel number 1 contained 1.5% copper, 500 ppm silver,
700 ppm lead and 200 ppm bismuth. Copper content increases
to the north along the strike of the vein.

Bwlchgoch Mine: The Bwlchgoch Mine is located
near the head of the South Fork of Lake Creek. The vein
trends North 80 East and dips 70 to 90 North, and consists
of a four-foot wide zone of coarse quartz and pyrite.
Gold was the commodity of interest, but very little ore
was apparently put through the ten-stamp mill that was
erected on the property (Howell, 1919).

Several massive quartz veins are present in the
upper reaches of Sayres Gulch and the South Fork of Lake
Creek near the Bwlchgoch Mine. The largest of these,
on the west wall of the East Fork of Sayres Gulch, is
12 to 16 feet thick, pyritiferous, and trends 80 degrees
with a 75 degree dip north. These veins occur along the
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ring zone of the collapse structure (Fig. 41). The
structural similarity and the presence of anomalous molyb-
denum in these quartz veins indicate they are closely
related to the cauldron development and its associated
mineralization.

Stockwork Deposits

Stockwork deposits are defined as an area of
closely spaced quartz veins with a random orientation.
The veins contain molybdenite, pyrite, sericite, and
quartz.

East Red: The divide between Sayres Gulch and
La Plata Gulch is stained a dark red from the oxidation of
pyrite that is peripheral to several quartz stockworks
(Fig. 45). These stockworks are located on the cauldron
side of a large rhyolite dike that has been emplaced
along the ring zone of the southern collapse structure.

The stockwork and staining is nearly continuous
for 17,miles along the ring dike. A central quartz
sericite zone 2,000 feet in diameter contains several
smaller internal zones of high silica and high clay.
Molybdenite is found in scattered localities throughout
this zone with abundant secondary ferrirnolybdite. Plate 7
is an underground map of the Burge tunnel, a 1,297-foot
adit that penetrated the southern portion of the stock-
work. Smaller, poorly defined stockworks are locally
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Figure 45. East Red, a quartz-molybdenum stock-
work in a11oc1astic breccia with
associated alteration along a ring
dike. View is southeast from ridge
east of Sayres Gulch. Twin Lakes
quartz monzonite (Tt1qm) is separated
from the a11oc1astic breccia (Tbf) by
the ring dike.
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present to the south along the inside of a large ring
dike in the stained zone.

Molybdenite occurs in two modes, (1) in quartz
veins associated with rhyolite dikes and (2) in the quartz
sericite stockwork. Figure 58 is the summary of a semi-
quantitative spectrographic analysis of a suite of samples
collected over the alteration center. Copper and tin
best define the stockwork. Copper, tin and zinc are
present in anomalous amounts with the profiles skewed to
the west, probably due to high porosity and permeability
in breccias allowing a preferential movement of hydrothermal
solutions. The altered area is slightly enriched in
potassium and depleted in manganese, magnesium, and calcium.

West Red: Plate 2 is a map of the West Red altera-
tion center at a scale of I inch = 500 feet. There are
numerous stockworks in this alteration center less than
100 feet in diameter; they are scattered throughout a
tabular mass rich in pyrite.

The stockworks consist of quartz veins with traces
of molybdenite. The density of quartz veins is locally
as high as ten per square foot, but the average is near
four veins per foot. Each stockwork has a halo of pyrite.
Several small stockworks along the fault zone in the north-
east corner of Plate 2 appear to be localized along a
fault zone. Several rhyolite dikes are also in the fault
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zone. The dikes and small stockworks may represent

feeder structures for the massive pyritized breccia.

Tellurium-Pine Creek: Several stockworks are

present in the Tellurium and Pine Creek drainages. The

largest, at the head of Pine Creek, is developed in a

quartz latite plug. Small stockworks are also present

on the divide between Pine and Tellurium Creek and on the

ridge at the head of Galena Creek. These small stockworks

are associated with dike-like masses of quartz latite
and rhyolite.

The stockwork at the head of Pine Creek does not

contain appreciable copper or molybdenum. Rock chip

samples in the stockwork contained up to 3 ppm molybdenum

and 3 to 11 ppm copper.

Sayres Gulch: A l3,295-foot peak at the head

of the west fork of Sayres Gulch is formed by a quartz

stockwork 2,000 feet in diameter. This stockwork is

composed of glassy, granular quartz veins commonly two to

three inches in diameter with traces of sericite. An

incomplete pyrite envelope is present along the east edge

of the stockwork. Geochemical analysis indicates slightly

anomalous molybdenum (9 ppm) and near background copper

(40 ppm).

Sawmill Plug: Several small quartz stockworks

are associated with the plug in Lincoln Gulch. They

are located along the east edge where dikes radiate from
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this subvolcanic intrusive and are in contact with the
diorite. The stockworks are up to 20 feet in diameter.
The quartz veins are less than one-half inch in diameter
and contain only quartz.

Four inclusions of quartz-molybdenite stockwork
are present in the ash-flow tuffs peripheral to the
plug: one on the divide between Graham Gulch and Grizzly
Gulch, and three in the Galena Creek area. A genetic
relationship between the plug and the enclosed stockwork
is suggested by their close spatial relation. Xenoliths
in the ash flow peripheral to the Sawmill plug contain
visible molybdenite. Rock chip samples from above Petroleum
Lake and east of Grizzly Gulch contained 90 ppm and 180 ppm
molybdenum respectively. Copper values were near back-
ground '(40 ppm).

Breccia Pipes

Several breccia pipes are present within the Grizzly
Peak cauldron complex (see Plate 1). Others may be present
within the breccia units, but because of the absence of
lithologic contrast or definitive structures, they may
not have been recognized in this study. None of the pipes
is heavily mineralized at the present level of erosion.

The pipes are preferentially located along major
structures and at major structural intersections. The
largest pipe, in the head of Nigero Gulch, is located at
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the intersection of the ring zones of the two collapse
structures. The area in the vicinity of this intersec-
tion is characterized by voluminous tuff breccias and
reoccurring collapse. Several poorly exposed breccia
masses along the ridge east of Grizzly Peak are probably
pipes that developed on the southern rim of the main
collapse structure. The eastern portion of the same
collapse structure is marked by intrusive breccias and
tuff breccias that may take the form of pipes at some
lower level of observation.

A small pipe is inferred at the north end of
Middle Mountain. A circular depression in the breccia
contains breccia fragments with pyrite and galena in the
matrix. This area is on the eastern projection of a
well developed fault zone in Peekaboo Gulch. Pebble dikes
to the south and massive pyrite in the breccia to the
east are peripheral to the area.

Nigero Gulch: A large breccia pipe at the head
of Nigero Gulch is nearly 3,000 feet in diameter. The
pipe consists of rounded breccia boulders of Precambrian
material in a tuff matrix (Figs. 46 and 47). The pipe
is enclosed in tuff or tuff breccia that forms a shield
2,000 feet thick around the pipe. This tuff probably
came from the pipe which was later filled with breccia
boulders.

Mineralization is spotty with pyrite staining along
the southern edge. Copper carbonates are present on a few
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Figure 46. Breccia boulders in tuff matrix
filling the breccia pipe in Nigero
Gulch. Dark breccia boulders are
alloclastic breccia (Precambriandiorite).

West Red

Figure 47. The breccia pipe in Nigero Gulch. The
pipe is approximately 4,000 feet in
diameter. View is southwest with
Garfield Peak and West Red in the
background.
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of the boulders. A mineralized Precambrian breccia frag-
ment contained 2,000 ppm copper, 170 ppm lead, 390 ppm zinc,
and 15 ppm molybdenum. Rock chip samples from the pyrite-rich
tuff along the edge of the pipe contained the following
trace elements:

Table 3
Sample No. and Description ppm eu ppm Mo
(28) Massive pyrite 35 2
(29) Disseminated pyrite in tuff 160 2
(30) Disseminated pyrite in tuff II 4

McNasser Gulch: A small breccia pipe is located
on the southeast flank of Grizzly Peak near the head of
McNasser Gulch. The pipe is 800 feet in diameter and
is composed of angular Precambrian blocks in a matrix
of finer grained, ground up lithic material (Figs. 48 and 49).
The pipe intrudes ash-flow tuffs and tuff breccias.

Mineralization consists of widespread pyrite and
quartz-sericite alteration. Where the pipe is in contact
with the tuff breccias, the pyrite is more widespread
peripheral to the pipe. Figure 50 shows the distribution
of copper, molybdenum, lead, and zinc over and adjacent to
the pipe.

The pipe is peripheral to a large exogenous dome
that developed along the ring zone of the main collapse
structure. The southern portion of the ring zone is
characterized by pipes and domes. Pyrite is widespread
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Figure 48.

Figure 49. The breccia pipe at the head of McNasser
Gulch intruding tuff breccia (Ttb).
A large exogenous dome is just to the
left of the photograph. The pipe is
800 feet in diameter. Note the minerali-
zation and alteration in the tuff
breccia (Ttb) to the right of the pipe.
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Figure 50 Trace Elements in the Breccia Pipe in McNasser Gulch
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along this zone and probably is the result of a widespread
gaseous event that formed on the pipe.

Sayres Gulch: A breccia mass is exposed on the
west side of Sayres Gulch just below the point where it
forks. Brecciation is present over a maximum dimension
of 4,000 feet with the outer contacts gradational. Traces
of pyrite, chalcopyrite, and molybdenite are locally
present within the quartz matrix.

Mineralized Breccia

Mineralized breccias exclusive of the breccia pipe
deposits are given separate consideration because their
origin is quite different. Throughout much of the Grizzly
Peak cauldron the porous breccias have been mineralized.
Outcrops of the mineralized breccias are shown on Figure 41.
The most abundant mineral is pyrite, but quartz, galena
and chalcopyrite also have been deposited in the open
spaces within the breccias. The mineralization may persist
through a stratigraphic interval of 400 to 500 feet as it
does at West Red, or it may be restricted to a few feet
in a breccia of similar thickness such as is shown in
Figure 51. The mineralized breccias are concentrated along
major structures such as the edges of down-dropped blocks
or near arcuate faults parallel to ring zones. The breccias
are composed of accessory and accidental rock fragments
of Twin Lakes Granodiorite and Precambrian diorite. The
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Figure 51. Mineralized breccia between welded
ash-flow tuffs eTa). View is south
toward Garfield Peak from McNasser
Gulch.
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latter is more common in the mineralized breccias.
Mineralization of the breccias is interpreted as

the result of lateral migration of fluids from major
centers. The source of these solutions may be hypabyssal
intrusives, plugs, or pipes; or the enclosing rocks by
leaching and redeposition in the collapsed area. Of the
two explanations, the classic hydrothermal theory is pre-
ferred by the author because of (1) concentration of
mineralized breccias along ring zones or major structures
which also have been favorable loci for the emplacement
of dikes, pipes, and plugs, (2) geometric continuity
between mineralized pipes and breccias in McNasser Gulch,
and (3) the disseminated pyrite in the fresh breccia
flows.

West Red: The breccia at West Red is shown on
Plate 2. Widespread pyrite has been oxidized, resulting
in brilliant shades of red throughout the breccia (Fig. 52).
The area shown on Plate 2 as quartz-sericite-pyrite contains
10 percent to 20 percent pyrite. The pyrite zones grade
into weaker mineralized breccia to the north. The south
side is fault-controlled. The fault is cODcentric and
peripheral to the main collapse structure.

The breccia appears to be a finite stratigraphic
unit. Along the bottom of Peekaboo Gulch and in the lower
elevations on the east side of Lincoln Gulch, the breccia
overlies welded ash-flow tuff. In Peekaboo Gulch, the
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Figure 52. West Red. Alteration and mineraliza-
tion are confined to the breccia flow
(Tbf) that occupies a sag zone between
ash-flow tuffs (Ta). View is west
from the summit of Middle Mountain.
Note the width of the road for scale.
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breccia is interlayered with a welded ash-flow tuff. The
adit at Ruby, at an elevation of 11,500 feet, which is on
the order of 2,000 feet in length, was in fresh rhyolite
nearly all the way. The eastern end of ~he tunnel is
overlain by mineralized breccia exposed on the surface
900 feet above the tunnel level. A mass of breccia on the
northeast corner of the mineralized breccia may be intrusive
along a major fault system that trends east-west or the
breccia may be a down-dropped block within the structural
zone. The former interpretation is preferred because of
the small dikes and stockworks that are found along this
zone, indicating recurrent intrusive events along the
structure.

The easily leached elements such as copper have
probably been removed by sulfuric acid surface waters
formed by oxidation of ubiquitous pyrite. Only copper
carbonates were observed on the surface. Molybdenite is
present within quartz veins and selected rock chip samples
contain up to 700 ppm molybdenum. The highest copper value
for rock chip samples within the altered area was 120 ppm,
which is considered anomalous in such an acidic environment.

McNasser Gulch: Tuff breccias in McNasser Gulch
are mineralized. At the head of the gulch, a 400-foot
thick tuff breccia dips north at 27 degrees into an exogenous
dome. The breccia is heavily iron stained over a distance
of one mile along a ridge that trends eastward from Grizzly
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Peak. The ash-flow tuffs above and below this breccia are
fresh except for staining at the base of the tuff overlying
the breccia.

Along the north flank of McNasser Gulch near its
mouth, another tuff breccia is stained and altered over
a stratigraphic interval of 200 feet. The tuff breccia
contains abundant pyrite veinlets with minor chalcopyrite.
Lithic fragments are commonly more intensely mineralized.
Rock chip samples collected in this interval contain
1 to 20 ppm molybdenum and 24 to 100 ppm copper. The
tuff breccia overlies ash-flow tuff and grades upward into
breccia boulders in a matrix of ash. The volcanic section
is described in Appendix A.

Several mineralized breccia pipes are present along
the same ridge in which the mineralized breccias are
exposed. Mineralization appears to increase toward the
pipes. This is especially true for the two pipes near the
head of the gulch. It would seem that the hydrothermal
solutions that came through the pipes spread laterally
when they reached the porous breccia horizons.

Ruby Lakes: A massive mineralized breccia is
exposed one-quarter mile north of Ruby Lakes. The breccia
is covered by later ash-flow tuffs, but discontinuous
outcrops extend for a mile in a northeasterly direction.
The breccia is exposed on the south side of a ridge where
the ash-flow tuffs have been eroded. The breccia is a
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flow breccia similar to the breccias at West Red and
along the South Fork of Lake Creek. The entire breccia
is intensely pyritized and three rock chip samples contained
o to 10 ppm molybdenum and 50 to 88 ppm copper. Several
rhyolite and granodiorite dikes cut the breccia.

Tabor Gulch-Grizzly Gulch-Middle Mountain: Small
masses of mineralized fluidal breccia are present on
Middle Mountain and along Tabor and Grizzly Gulches. The
deposits are characterized by quartz-sericite alteration
with abundant pyrite. The breccias in Grizzly Gulch and
on Middle Mountain are stratigraphic units, but only a
few tens of feet of the breccia are exposed in Tabor Gulch.
A summary of the geochemical results from these samples
is as follows:
Location
Tabor Gulch

Grizzly Gulch

Grizzly Gulch

Middle Mountain

Middle Mountain

Middle Mountain

Sample Description ppm Cu ppm Mo
iron oxide and
breccia 60 2

iron stained
alloclastic breccia
flow

63 2

iron stained
alloclastic breccia
flow

51 2

massive pyrite and
breccia 4 2

iron stained
alloclastic breccia
flow

29 6

Iron stained
alloclastic breccia
flow

31 2
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The breccias in Tabor and Grizzly Gulches probably
represent windows where the overlying ash flows have been
eroded. Similar mineralized breccias are probably present
beneath the ash-flow tuffs in much of tLe western half of
the cauldron complex.

Origin and Genesis of the Mineral Deposits

The origin of the mineral deposits within the Grizzly
Peak cauldron complex is tied very closely to the cauldron-
forming processes. The silica-rich, gaseous nature of the
volcanism attests to the abundance of volatile-rich distil-
lates in the magmatic system. These vapors or supercritical
fluids are the sources for the mineral deposits. Three
major mineralizing events represent the progressive
differentiation of the magma with the separation of a
concomitant immiscible aqueous phase. These processes
culminated in the formation of massive, nearly pure quartz
stockworks and veins.

Two broad subdivisions of the mineral deposits of the
cauldron complex are justified: (1) strataform mineraliza-
tion confined to a particular horizon or stratigraphic
interval and (2) cross-cutting deposits such as pipes,
veins and stockworks. These two types of deposits represent
end members of the same mechanism in the volcanic and
subvolcanic environment. The metal-rich vapors followed
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well developed plumbing systems along major structures,
primarily breccia pipes, but also along faults, resulting
in the good correlation of the geochemistry with major
structures (Plutes 4, 5, and 6). There is a crude zoning
of base metals around major centers of molybdenum minerali-
zation. As the vapors or solutions move laterally, they
mayor may not mix with the groundwater. This gaseous
exhalative process was probably a continuing phenomenon
causing the cauldron to "stew in its own juices." Precipi-
tation was controlled by both temperature and pressure
changes. Where the copper and molybdenum occur together
in porous breccia units, precipitation probably resulted
from cooling with or without mixing with connate and
meteoric waters. However, the gold deposits are concentrated
along the base of the volcanics and probably precipitated
as a result of a rapid decrease in pressure at the permeable
unconformity.

The positive correlation between the copper and
molybdenum is empirical evidence that the source of the
mineralization was metal-rich volatiles. While there are
numerous deposits that contain economic amounts of copper
or molybdenum, few contain appreciable quantities of both
metals (Lowell and Gilbert, 1970; Clark, 1972). The
deposits that do contain nearly equal amounts of copper and
molybdenum are breccia pipes or vein systems with the
copper and molybdenum concentrated in the aqueous phase
(Kuhn, 1941; Chapman, 1968). The Eh-pH relationships are
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not clear, but it appears that the high mobility necessary
for both copper and molybdenum to be deposited in breccias
in a subvolcanic environment would occur under slightly
alkaline (pH, 7-10), oxidizing conditions (Hansuld, 1966).

The white, massive, granular quartz deposits containing
gold, silver, and copper do not appear to be closely
associated with stockwork deposits or breccias, but occur
in structures related to the fringe of the cauldron complex.
Several of these veins radiate from the northern edge of
the main collapse structure. Within the southern collapse
structure, the quartz veins are concentrated along major
fault zones. In Sayres Gulch, a breccia pipe with a matrix
of white, granular quartz has been localized along the
eastern edge of a collapsed block. The coarse-grained
quartz in both the pipe and scattered veins in the southern
collapse structure contains anomalous amounts of molybdenum.
These massive quartz deposits with anomalous molybdenum
content are interpreted as halo deposits very peripheral
to major mineralized centers.
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ALTERATION

Alteration is widespread within the southern half
of the Grizzly Peak cauldron complex. The numerous red
areas probably attracted the attention of early prospectors.
These same iron-stained areas have been centers of explora-
tion activity in recent times. The brilliant red colors
shown in Figure 52 are limonite and hematite that have
formed from surface oxidation of pyrite.

The study of alteration in the Grizzly Peak cauldron
complex involved a two-phase program of mapping megascopic
alteration in the field, followed by spot checking of
selected localities with x-ray techniques (diffractometer
patterns) to verify the alteration assemblage. Figure 53
is a summary of the distribution of the alteration assem-
blages'present in the Grizzly Peak cauldron complex.

The following four alteration mineral assemblages
were identified by x-ray diffraction, optical, aridx-ray
film pattern techniques:

1) Quartz-sericite
Z) Quartz-sericite-pyrite
3) Argillic (kaolinite)
4) Propylitic (chlorite, epidote, calcite)

123
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The assemblages are similar to classifications
proposed by Burnham (1970).

Quartz-Sericite

The quartz-sericite alteration assemblage consists
of light tan to brown rocks with minor pyrite. The
sericite and quartz are distributed through the rock
and, except for remnant quartz phenocrysts, the original
texture of the rock is destroyed. The most intense
alteration is marked by abundant secondary quartz. This
may be explained by excess silica being released as the
feldspars are altered to sericite (Meyer and Remley, 1967).

Three large areas of quartz-sericite alteration
are shown on Figure 55. Each of these alteration centers
has a pyrite halo. The largest center, East Red, has
a quartz-sericite zone 2,000 feet in diameter. Within
this zone are several smaller areas up to one hundred
feet in diameter of argillic alteration as well as quartz
stockworks a few tens of feet wide. The quartz stockworks
contain molybdenite with its secondary oxide ferrimo1ybdite.
Peripheral to the quartz-sericite zone, the pyrite content
increases and kaolinite is present.

At the head of the west fork of Sayres Gulch, a
quartz-sericite stockwork 2,000 feet in diameter forms
a 13,295-foot peak. The quartz is coarse grained and
granular. It occurs in vein1ets up to two inches wide,
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with a vein density of six per square foot. The sericite
has replaced the feldspars and biotite between the veins.
A pyrite-rich halo is present on the eastern periphery of
the stockwork.

At West Red, the quartz-sericite assemblage is
present in a subcircular area on the west side of the
ridge. The area is 2,200 feet in diameter and contains
anomalous amounts of jarosite as well as quartz and
sericite. Several small quartz-sericite pipes, tens of
feet in diameter, are present along faults northeast of
West Red. Large zones tens of feet in diameter of argillic
alteration are present within the quartz-sericite assemblage.
Several quartz stockworks are in the southeast portion
of the area of pervasive quartz-sericite near the edge
of the pyrite-rich assemblage.

Quartz-Sericite-Pyrite

The quartz-sericite-pyrite alteration consists of
5 percent to 15 percent pyrite with quartz and sericite.
The pyrite occurs as disseminated isolated grains, veins,
and as concentrations of grains replacing biotite.
Supergene alteration has oxidized the pyrite covering all
the fractures in the rock with iron oxide, primarily
goethite. Except for remnant quartz phenocrysts, the
original texture of the rock has been destroyed.
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The spectacular red staining in the Grizzly Peak

cauldron results from supergene oxidation of the pyrite-
d V

rich quartz-sericite alteration. The quartz-sericite-

pyrite is founG locally throughout the area. Large

quartz-sericite zones have peripheral pyrite-rich envelopes

at East Red, West Red and the head of West Sayres Gulch.

The plug in Lincoln Gulch has ubiquitous quartz-

sericite-pyrite alteration. Pyrite commonly makes up

7 percent of the rock. A partial envelope of argillic

alteration is present in the country rock around the

plug. Many of the breccia flows and tuff breccias have

been altered to a quartz-sericite-pyrite assemblage.

This alteration may have resulted from migration of

hydrothermal solutions from below.

Propylitic

Propylitic alteration results in a dull gray to

green rock. Minerals rich in iron and magnesium have

been altered to chlorite, causing the green color. The

dull gray to brown hues are caused by the conversion- of

plagioclase to sericite. The potash feldspars are usually
fresh.

The propylitic mineral assemblage consists of chlorite,

calcite, epidote, and pyrite. Small amounts of hematite
s

and yericite are present in isolated localities. Figure 54

is a photomicrograph of an altered breccia flow. Pennine
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Figure 54. Propylitized breccia flow under crossnicols
Sample is from the mouth of Peekaboo Gulch.
Pennine and pyrite are common constituents
of the matrix. The fragments are quartz
and orthoclase.
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and pyrite are the most diagnostic minerals present.
The propy1itic alteration is found primarily in

the flow breccia. The massive lower unit is nearly
completely propy1itized.

Argillic

The argillic alteration results in a dull brown to
tan ashy texture as both feldspars are replaced by
kaolinite and sericite. Traces of montmorillonite were
detected in samples from argillic zones on East Red.
The ferromagnesium minerals are partially replaced by
pyrite. Where supergene processes have been active, the
rocks show a slight red stain from oxidation of the pyrite.

The argillic alteration is somewhat erratic and
tends to occur within or peripheral to any of the previously
mentioned assemblages.

At East Red, kaolinite was detected in diffraction
patterns from samples both peripheral to and within the
quartz-sericite core. Similarly, at West Red breccia
fragments with only argillic alteration are present near
the ridge line peripheral to the jarosite-rich areas but
in close proximity to quartz stockworks.

Argillic alteration is often closely associated
with faults, such as along the south edge of the southern
collapse structure. Where the ring zones of the two
cauldrons intersect, argillic alteration is widespread
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in the tuff breccias and volcanic flow breccias. Figure 40
shows the alteration along a sag zone that has developed
along the ring zone of the southern cauldron. The argillic
alteration is confined to the inward side of the fault
zone.
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GEOCHEMISTRY

During this study nearly 200 samples were collected
for chemical analysis. One hundred sixty of these samples
were quantitatively analyzed for copper and molybdenum,
and selected suites were quantitatively analyzed for lead,
zinc, and tungsten. Forty-two samples were tested by
quantitative sp€ctrographic techniques.

Molybdenum and copper were the primary elements
of interest. Molybdenum has been the target of recent
exploration activity in the area. Samples were analyzed
for copper because of the close association of the two
elements. Many porphyry copper deposits contain exploitable
molybdenum and the major molybdenum deposits have copper
in the halo mineralization. The copper halo should have
an indirect relationship with the molybdenum deposits.
While Climax has no associated copper, the progressively
shallower deposits at Henderson and Questa show an increase
in positive correlation between copper and molybdenum
(Wallace et al., 1968; Carpenter, 1968; MacKenzie, 1970).

Tungsten is in a contiguous halo peripheral to the
deposits at Climax and Henderson. It is believed that
tungsten and molybdenum have similar geochemical character-
istics and are good reciprocal indicators (Wallace et al., 1960).
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For chemical analysis the samples were digested in
RC104 and RN03. Molybdenum and tungsten were determined
by colorimetric methods; and copper, lead, and zinc, by
atomic absorption.

Semiquantitative spectrographic determinations were
made by the author usiug a three-meter Baird emission
spectrograph with internal standards. Qualitative measure-
ments were made with a one-meter emission spectrograph
using a prepared sample film and visually comparing the
intensity of the various lines with a standard. Specomp
Services in Steamboat Springs, Colorado analyzed two
samples. The semiquantitative spectrographic data are
tabulated in Appendix C.

The objective of sampling was to determine the
distribution of important trace elements in the volcanic
and subvolcanic environment. Most of the samples were
taken from altered rocks but some veins and fresh dikes
were analyzed.

Spectrographic data obtained by the author from the
three-meter Baird spectrometer and those supplied by,
W. A. Bowes and Associates are quantitative. The deter-
minations made from the one-meter instrument are semi-
quantitative within 50 percent of the actual amount of
the elements present in the sample.
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Molybdenum

Molybdenum is the most important trace element in
the Grizzly Peak cauldron complex. At East Red and West
Red the molybdenum has attracted the attention of a number
of exploration companies. Bear Creek Mining Company is
currently exploring in the western portion of the area
for molybdenum. Where copper is present in important
quantities, the acids resulting from oxidation of the
abundant pyrite leaches the copper, leaving anomalous
molybdenum content as the only indication of the former
copper.

Plate 4 is a summary of the distribution of molyb-
denum in the Grizzly Peak cauldron complex. Outlines on
the plate are areas of high molybdenum content rather than
a contour of the molybdenum content. Sampling was concen-
trated in areas of alteration or obvious mineralization.
No attempt was made to systematically sample the area,
thus contouring geochemical data would not be representative.
The areas shown on Plate 4 depict the presence of molybdenum
in mineralized features (faults, dikes and breccias)
within the area. The median of molybdenum values is
approximately equal to the average for igneous rock given
by Hawkes and Webb (1962, p. 369). The samples collected
from the area shown on Plate 4, where molybdenum content
is less than 1 ppm, indicate background or depleted molyb-
denum content. The areas containing 1 to 5 ppm and greater
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than 10 ppm molybdenum content indicate relative abundance
of molybdenum in the mineralized portion of the area
outlined, and is considered anomalous.

The areas of molybdenum concentrdtion shown on
Plate 4 crudely reflect the geology of the cauldron complex.
Areas of high molybdenum content coincide with che minerali-
zation at East Red and West Red. The mineralized plug in
Lincoln Creek is in an area of high molybdenum content
that continues to the west for over a mile. The shape of
the areas that contain the mineralization at East Red and
West Red is arcuate, seeming to conform to the concentric
faulting in the southern collapse structure. At the
intersection of the two ring zones of the collapse structures,
molybdenum content is high. This structurally complex area
is also the locus of several breccia pipes. The area of
low molybdenum correlates in part with a Precambrian grano-
diorite screen but also includes many outcrops of the flow
breccia. Very few samples were obtained from the unmineral-
ized flow breccia.

Areas with anomalous molybdenum content that do
not correlate easily with the known geology include
Tellurium and Pine Creek and the north end of Middle
Mountain. The lack of anomalous molybdenum in Tellurium
and Pine Creek may be a result of too few samples. The
molybdenum of Middle Mountain may reflect an interesting
target at depth. The inferred breccia pipe, pebble dikes
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and massive pyrite support the conclusion that the area

should be of interest in future exploration.

Copper

The copper content of the rocks in the Grizzly

Peak cauldron complex is anomalously high compared to

most molybdenum-rich areas in Colorado. The high copper

content in a molybdenum-rich system is believed to be

indicative of a near surface environment. At Henderson and

Climax, what little copper is present is peripheral,

primarily overlying the Henderson Deposit (MacKenzie, 1970;

Wallace, 1968). At Questa, New Mexico and R~ell Basin,

Colorado, significant amounts of copper are present

(Carpenter, 1968). At Questa, the molybdenum appears to

have been deposited nearer the surface than at the Climax

and Henderson deposits. The copper at Redwell Basin is

reported to be thousands of feet above the molybdenum
(Ranta, 1972).

The copper content of the rocks in the Grizzly Peak

cauldron complex is modified by the low pH conditions that

result from oxidation of ubiquitous pyrite. No attempt

was made to gather pH values to aid in the interpretation

of the data. It can only be assumed that many of the

surface rock chip samples are depleted in copper. The

median value of copper content from the 160 cauldron
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samples is 21 ppm copper. This value is well below the
averages of 70 ppm in igneous rocks and 30 ppm in felsic
igneous rocks (Hawkes and Webb, 1962, p. 364). Correlation
of the copper and molybdenum may provide a clue to the
intensity of the leaching of the copper. Because the copper
is more soluble than lliolybdenumunder acidic surface
conditions, complete leaching would be indicated by an
inverse correlation.

Plate 5 is a summary of the copper distribution in
the southern portion of the Grizzly Peak cauldron complex.
Areas where samples contained less than 10, 10-20, 20-50,
50-100 and greater than 100 ppm copper are shown. A low
over West Red may be explained by the high pyrite, but
East Red is expressed by a poorly developed high, in
excess of 100 ppm copper. West Red is surrounded by areas
containing anomalous copper. The very high copper values
northwest of West Red may be peripheral to a low developed
over the plug in Lincoln Creek. The western portion of
the plug was not sampled. The Precambrian granodiorite
block preserved within the southern collapse structure is
reflected by a low. An isolated anomaly straddles the
South Fork of Lake Creek between East Red and West Red,
but no geologic features were mapped that explain the
high copper values. The copper values are anomalously
high on the east side of the prospects in Pine and Tellurium
Creeks as well as at the intersection of the two collapse
structures.

136
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Copper-Molybdenum Correlation

Early in the study the anomalous copper geochemistry

was recognized. The anomalous molybdenum mineralization

in the Grizzly Peak volcanic field has been recognized

prior to this study, but little mention h~s been made of

copper (Kirkemo et a1., 1965). Figure 55 is a correlation

diagram for copper and molybdenum. The significant copper

population along the ordinate without associated molybdenum

indicates the importance of the former. It is important

to know the relationship between the two elements. One

of the ways of quantifying the relationship is to compute

the correlation coefficient. Using the diagram and the

technique described by Lepe1tier (1969, p. 538), a correla-

tion coefficient of +0.40 is obtained. This demonstrates

a fair direct relationship between the two elements.

A number approaching zero would indicate mutual independence,

and a negative value indicates inverse relationship such

as would exist if the copper was halo mineralization

peripheral to the molybdenum.

Three populations seem to be present in Figure 55:

(A) composed of copper veins with minor molybdenum;

(B) high in both molybdenum and copper; and

(C) an area containing a log normal distribution of

copper with respect to molybdenum. Plate 6 was constructed

using the copper-molybdenum ratios < 1, 1 to 5, and >5, the

first two describing population B and the third containing
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populations A and C. The population outlined by low

copper-molybdenum ratios should coincide with exploration

targets or geologically attractive areas. The favorable

copper-molybdenum ratios outline the geologically attractive

areas at West Red and the plug in Lincoln Creek. The

north-trending fault that bounds the western edge of the

sag zone in McNasser Gulch is also outlined by the low

copper-molybdenum ratios. A low ratio just inside the

southern edge of the southern collapse structure may

indicate subtle mineralization along the ring zone. East

Red does not appear on Plate 6 because no molybdenum

analysis was made over it. The copper values from Figure 58

and the visible molybdenite indicate that it would also

have a low copper to molybdenum ratio had it been sampled.

Tungsten

The Grizzly Peak cauldron complex contains anomalous

amounts of tungsten. Although only a few determinations

were made for tungsten, its association with molybdenum

was verified. Three samples containing anomalous molyb-

denum also contained 20 to 40 ppm tungsten. Background

for tungsten in the area is 5 ppm or less. A fourth

anomalous tungsten sample was not accompanied by anomalous

molybdenum, but the sample is from an altered ring zone in

Twin Lakes Canal Company tunnel number 2. This ring zone

contains anomalous concentrations of molybdenum elsewhere

in the Grizzly Peak cauldron complex.
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The tungsten shows a surprisingly g~od correlation
with the copper as is sho,vnin Figure 56. Sample 391 is
the only sample that deviated from a +1 correlation
coefficient. This sample was collected from the Lincoln
Gulch fault zone at the ridge between Lincoln Gulch and
Taylor Park and there is evidence that this fault and the
associated mineralization post-date the volcanic activity
in the Grizzly Peak cauldron.

Lead

Lead is the most common metal in veins throughout
the Grizzly Peak cauldron complex and is closely related
to subvolcanic events in McNasser Gulch and Lincoln Creek.
No anomalous lead was found in rock chip samples of dikes,
but altered breccias and pebble dikes contained slightly
anomalous amounts of lead (83-190 ppm) with associated,
slightly higher, zinc anomalies.

Zinc

Although only 24 samples were analyzed for zinc,
it appears that zinc is a widespread, important trace
element in the Grizzly Peak cauldron complex. The plug
in Lincoln Gulch has a zinc halo and the pipe at the head
of McNasser Gulch is enriched in zinc. A summary of the
zinc in various rock types, exclusive of the plug in Lincoln
Gulch and the pipe at the head of McNasser Gulch, is given
in Table 4.
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Lead and Zinc

Sample Description
and Location Zn (ppm) Pb (ppm)

Altered breccia flow southeast
of Sawmill plug 200 190

Altered breccia fragment in
pipe in Nigero Gulch 390 170

Altered and stained zone
between tuff flows 1 mile
northeast of Ruby 240 83

Pebble dike in flow breccia on
northeast side of Middle
Mountain 430 86

Pegmatite dike with iron stain
1/2 mile northeast of Ruby 470 82

Andesite dike cutting
Paleozoic rocks on Bowman
Creek 56 34

Quartz latite porphyry dike in
Peekaboo Gulch 20 27

Table 4. A summary of the lead and zinc content of
various lithologies throughout the volcanic
terrain.
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Sawmill Plug

The plug in Lincoln Gulch (see Figure 27) has an
excellent geochemical expression. The central portion
of the altered plug contains 3 ppm to 5 ppm molybdenum and
18 ppm to 120 ppm copper. The dikes that radiate from the
plug are highly anomalous in zin~ and the copper and lead
values on radiating dikes peripheral to the plug are also
anomalous. A summary of the geochemistry of the plug is
shown in Figure 57. Spectrographic analysis of two samples
from base metal veins along the eastern periphery indicated
anomalous amounts of antimony, tungsten, molybdenum,
vanadium and cobalt.

Breccia Pipe

In the upper reaches of McNasser Gulch, a breccia
pipe has been emplaced along the flank of a large exogenous
dome. Both the dome and the pipe were emplaced along the
ring zone of the main collapse structure. Figure 50
illustrates the distribution of molybdenum, copper, zinc
and lead over the pipe. Rock chip samples were collected
from the surface along an east-west traverse that approxi-
mately coincided with the l2,800-foot contour. The anomalous
lead, zinc and copper may be halo mineralization that has
been deposited with the ubiquitous pyrite along the ring
zone of the main collapse structure.
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East Red

taken
The trace elements detected from a series of samples

E~across W~e Red are shown in Figure 58. Most
noticeable is the buildup of copper and tin over the
stockwork. The zinc and copper do not drop off to the
west as they do on the east. This is due to the high
permeabilities and porosities in the flow breccia. Gallium
and rhenium also show an increase over the altered area,
but the results were erratic and insufficient to plot a
profile.
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GEOLOGIC HISTORY

A summary of the important events in the geologic
development of the Grizzly Peak cauldron complex is
included below. The volcanic activity took place over a
surprisingly short time; aside from a later acidic event,
the various events closely bracket the 35 m. y. age of
the Lincoln Gulch Stock.

1) The Twin Lakes granodiorite or quartz monzonite
intruded the Precambrian metamorphic rock of
the Sawatch Range. The wide spread of the
reported age dates (42 to 56 million years:
Obradovich et al., 1969; Moorbath, 1967) and
the compositional range from quartz monzonite
to granodiorite would indicate it was a composite

.pluton that was emplaced over several million
years in the middle and late Eocene.

2) Erosion reduced the Sawatch Range to a surface
of low relief containing remnants of Paleozoic
rocks.

3) In the middle Oligocene, collapse of a circular
area six miles in diameter was accompanied by
volcanic e~uptions.

147
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4) A parasitic, asymmetric collapse structure
developed on the southeast edge of the main
collapse structure.
A major hydrothermal event accompanied or
slightly post-dated the cauldron collapse.
The foundered breccias produced by des~ruction
of the down-dropped blocks were altered and
mineralized. Quartz-molybdenum stockwork
deposits were also formed at this time.
Voluminous ash-flow eruptions from along the
common side of the two cauldrons ponded
5,000 feet of welded ash flows in the collapsed
area. A 1,500-foot section of these ash flows
was formed outside the cauldron walls and
probably covered much of the area surrounding
the cauldron complex.
A resurgent dome, the Lincoln Gulch stock,
developed in the main collapse structure. The
resurgence was accompanied by intrusions
emplaced along the ring zone of the main
collapse structure.
A series of andesite dikes were emplaced after
resurgence. The dikes were concentrated in
concentric structures along the south ring zone
of the main collapse structure.

5)

6)

7)

8)
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9) Collapse occurred once again along the major
ring fault zones. Where the ring fault,zones
of the two cauldrons intersect, collapse was
a mi~imum of 1,000 feet.

10) The most widespread mineralization occurred
at this time. The hydrothermal activity was
concentrated along the concentric fault zones.
Several breccia pipes were emplaced at the
intersection of the two ring zones. The
molybdenum and copper mineralization at East
Red and West Red is believed to have taken
place at this time.

11) Late Tertiary block faulting disrupted the cauldron
complex and tilted the Sawatch Range to the west.

12) An acidic plug was emplaced along one of the
north-trending block-faults that had disrupted
the area. The plug was compositionally quite
different from the earlier intrusions, and with ~.
its radiating dikes, it represents a late acidic
igneous event (Fig. 59).

13) The late plug is mineralized by the last hydro-
thermal event.

14) The entire area was subjected to mountain
glaciation during the Pleistocene. Glaciation
and active erosion resulting from the tremendous
uplift of the Sawatch Range have resulted in the
removal of thousands of feet of the volcanic rocks.
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VOLCANIC STRATIGRAPHY AT

OURAY PEAK
(1" = 50')

Welded ash-flow tuff quartz latite, lithic fragments of
quartz monzonite and diorite, pumice lapilli yellow and
deformed, plagioclase altered to FeD, unwelded zone with
a 6" vitrophyric zone just above the sharp contact with
the breccia. Contact dips gently NW.

Breccia, diorite and quartz monzonite fragments, boulders
are less than 1" in diameter and quite mafic, matrix of
tuffaceous material in the lower 45', very little matrix
material in the upper portion, irregular 3' pyroclastic
dike with well developed chilled borders, dike has 1"
fragments of breccia as well as fresh quartz monzonite.

Ash matrix with gneiss and quartz monzonite boulders to
3' making up 50% of volume.

Massive ash flow, scattered large boulders, lithic frag-
ments to 2" abundant, boulders are brecciated gneiss and
quartz monzonite and are rounded, abundant green pumice
lapilli, plagioclase gone to FeD, eutaxitic texture is
horizontal, 8" boulders of earlier ash flow as lithicfragments.

Figure 1. Volcanic stratigraphy at Ouray Peak, Chaffee Co.,
Colorado
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Gneiss tuff, nonwelding, boulders of brecciated gneiss
and quartz monzonite make up 30% of rock, brecciated

.gneiss is up to 8' in diameter, quartz monzonite boulders are10-15'.

Breccia boulders in tuffaceous matrix, boulders are up to
4' in diameter, matrix material is less than 10% near the
base, boulders in upper portion are almost all gneiss androunded.

Breccia, gneissic boulders to 25' in diameter, no ash matrix,
boulders seem to be separated by a small amount of ground-up
rock fragments, boulders are brecciated except locally where
a consistent foliation can be seen.

MnO staining, consistent fol iation in gneissic boulders,
possible mass wasting deposit or slump breccia.

Tuff breccia, 4-8' boulders of brecciated gneissic 'tuffa-
ceous matrix is fresh except for staining along fractures,
abundant pumice lapilli , lapilli is flattened and jade green
in color, gneissic boulders show more staining than the ma-
trix, tuff is locally pink to green and platy.

Breccia, fragments are almost all gneissic, maximum diameter
is 8 to 10" but 1" is probably the average size, Fe stained
throughout, common FeS2 veinlets to 1/4" .

Eh~}copyrite flakes in pyrite



•.; Contact is 2' mlxlng zone, fragments of mineralized breccia~~/:." in welded tuff.

_ _0
_0
-ci:
J "o'§
00 Ashy material becomes more abundant (70%), welding is bet-
o ter near the top of the breccia, green pumice lapilli and
o~ Fe staining, rounded pebbles to l' dominate but larger ones--() are present.
'\)

T-1538

Tuff
Breccia

'h<:;.
.':: ..

"
~.- .. '
, • - (1

&"'~=.

Tabor
Gulch
Tuff

Tuff
Breccia {)C

00
00o

161

Breccia is permeated with FeS2 veinlets to 3/4", min-
eralization is present in fragments and matrix, fragments up
to 5" with a 2" average diameter, breccia is locally massive
and similar to large boulders found below, scattered
tuffaceous lenses are welded and contain quartz monzonite
fragments, pumice lapilli, and mineralized quartz monzonite.

Welded ash-flow tuff rhyodacite, green to grey with frag-
mental quartz, interfingering of breccia pipe and extru-
sions from dome, green pumice lapilli, glass shards,
contact with underlying tuff breccia is gradational.

Ashy matrix makes up 50% of rock, boulders are gneiss up
to 10', abundant l' rounded lithics in matrix material.

'Massive gneissic boulders with very little matrix, consis-
tent foliation in boulders N56W 900.

Boulders are quartz monzonite, ash making up 10% of rockis moderately welded

Ash matrix has 4" green lapilli and 6" rounded lithics,
boulders are gneiss and granodiorite up to 20' in diameter,
bedding in ash matrix E-W 36E.

'Ash matrix 20%, boulders are rounded and brecciated quartz
monzonite, well developed joint sets in boulders N23E 66W,N50W 90.

'Massive welded ash, base rich in lithic fragments in 2-4
cm range, disoriented green lapilli, indistinct bedding
N50E 16E, 6' boulders common, and appear to be brecciated
quartz monzonite, columnar jointing.
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Matrix well cemented, with pumice 1api11i to·2 em,
1api11i are jade green, feldspars are Fe stained, dis-
seminated FeS2 in gneissic boulders, brecciated and Fe
stained, staining in boulder exceeds matrix, ashy matrix
with local Fe staining, 50% by volume is rounded boulders
of brecciated quartz monzonite, maximum diameter is 6',
fragments within boulders are less than 4" in maximum
dimension, 40% of matrix is 2-4 in lithic fragments.
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BOWMAN CREEK AT TAYLOR RIVER

Biotite quartz latite ash-flow tuff; light gray to
purple, 2 mm euhedral quartz and biotite phenocrysts,
sanidine common, abundant pumice lapilli, vapor
phase activity in upper half of flow.

Biotite quartz latite ash-flow tuff; pink to yellow-
brown, poorly banded with yellow to white lapilli to
1 cm, minor euhedral quartz, prominent euhedral bio-
tite, white feldspar phenocrysts, more crystal rich
near base with few pumice lapilli, light gray with brown
streaks at the base and is finer grained, no vaporphase activity.

Rhyolite ash-flow tuff; white, 25% subhedral quartz
to 1 em, green pumice lapilli, abundant accidental
material, becomes light gray to purple in the lower
one half, 40-50% anhedral quartz, 20% white feldspar,
1 mm blotch6 of bright orange FeD, FeD derived from
biotite, green glass shards persist to bottom.

Figure 2. Stratigraphic section of ash flows at the confluence of
Bowman Creek and Taylor River, Gunnison Co., Colorado
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GRAHAM GULCH TUFF

Biotite quartz latite ash-flow tuff; red to
grey, massive, densely welded, abundant yellow
and tan pumice lapilli to 2 cm, lapilli are flat-
tened, rare vitrophyric zones 4' thick.

rounded granodiorite boulders to 3' in diameter at
cooling breaks

Poorly welded zone with abundant lithic fragments.
Tan ash-flow tuff, rare lapilli, moderately welded.

Red tuff, abundant lithic fragments.

Massive red to grey ash-flow tuff.

Massive red tuff with tan pumice lapilli, crystal poor.

Figure 3; Ash-flow section on the continental divide between
Graham Gulch and Grizzly Reservoir, Chaffee County,
Colorado
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Stewart Mine
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 3
Composite vein with gray quartz-pyrite adjacent to

sphalerite in cockscomb quartz

Mineralogy
Pyrite (55%, 1 micron crystal trails and subhedral crystals to2 mm)
Sphalerite (30% - veinlets to 1 mm with 10 micron Py inclusions)
Galena (15% enclosed in pyrite)
Cha1copyri te .(exso1ved from sphalerite), in pyri te

Texture
Subhedral pyrite and sphalerite veinlets in quartz gangue

Paragenesis
Py
Sl -----
Gn
Cp

•
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Stewart Mine
Red Mountain District Specimen No.
Chaffee Co., Colorado RMCC - 2

Quartz-sulfi~ vein, green propyllitic alteration adja-
cent ~o vein, Py, Gn, Cp, Sl, and Au?,
visible in hand specimen.

Mineralogy
Pyrite (70%, euhedral crystals to massive, fractured and broken)
Galena (30%, > 2 mm)

Spha1erite (T - <.5 mm vein1ets)
Chalcopyrite (Trace - 10 grains to 50 microns);

islands in galena, 1 micron exsolution is sphalerite

Texture
Gn replacing Py with exsolved Cp in Gn and Sl. Py is broken andfractured.

Paragenesis

Py
Gn -----

Sl
Cp •
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Stewart Mine
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 1
Quartz-sulfide vein, Gn + Py visible in hard specimen,

local Fe staining
~

Mineralogy
Galena (60%, strained locally, appears to replace Pr, massive)
Pyrite (15%, early, highly fractured, < 1 mm)
Arsenopyrite (20%, enclosed in Gn, c 1 mm)
Chalcopyrite (5%, exsolved grains to 50 microns in sphalerite, also

massive)
Sphalerite (T-exsolved Cp, associated with Py)
Pyrrhotite (T-associated with Cp)

Texture
Galena replacing pyrite, pyrite is locally fractured and broken, ar-
senopyrite veinlets replaced by galena

Paragenesis

Asp - - --
Gn
Py
Cp --
Sl - ----
Pyr
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Stewart Mine
Red Mountain District
Chaffee Co., Colorado Spec imen No.

RMCC - 4

Quartz-sulfide vein in propy11itized country rock,
visible in Py, Gn, Sl, Cp

Mineralogy
Pyrite (65%, fractured, massive)
Galena (20%, common grains of A1taite to 100 microns, massive)
Sphalerite (14% discontinuous vein1ets)
Chalcopyrite (2% - exso1ved from sphalerite)
Gold (T, 15 grams, 1 grain 0.5 mm)

Texture
Massive pyrite replaced by galena, sphalerite, and gold. A1taite
as exso1ved grains. Pyrite broken and fractured.

Paragenesis
Py - -----
Gn
Sl
Cp
Au
Altaite
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Stewart Mine
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 5

Massive galena, strained with fibrous texture,
iron staining on weathered surfaces

Mineralogy
Galena (98%, massive)
Pyrite (1%, relic islands to 50 microns)
Sphalerite (3%, relic islands to 100 microns)
Chalcopyrite (1 micron, exsolved in Sl)
Gold (in quartz gangue - 3 grains - 10 microns)

Texture
Massive galena replacing all but a few islands of sphalerite and
pyrite. Gold in quartz gangue.

Paragenesis
Gn ----------

Py
Sl
Cp
Au

170
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Stewart M.ine
Red Mountain District
Chaffee Co., Colorado

Specimen No.
RMCC - 6

Massive granodiorite with intense silicification, Gn
and Py disseminated near siliceous veins

Mineralogy
Pyrite (95% - discontinuous blebs and granulated trails <.5 mm)
Sphalerite (35%, enclosed in and around pyrite, <.1 mm)

Chalcopyrite (15% - exsolved in sphalerite in grains to 20 microns)
Galena (1% - enclosed in Py)

Texture
Subhedra 1 pyritahedrons in quartz gangue.. Flood ing of sphalerite with
exsolved chalcopyrite.

Paragenesis
Py
Sl
Cp
Gn
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Forest Queen Mine
Red Mountain District
Chaffee Co., Colorado

Specimen No.
RMCC - 7

Massive galena with minor sphalerite, red and
yellow oxidation products

Mineralogy
Galena - 90%
Sphalerites (8%, < 1 mm)
Chalcopyrite (1% - exsolved in Sl and islands in Gn, 1 - 20 microns
Pyrite (1%, <.5 mm islands)
Tetrahedrite (T - e grains in galena)

Texture
Massive galena replacing pyrite with some contemporaneous sphalerite

Paragenesis
Gn -- -- --------
Sl
Cp
Py
Te

,-
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Sayres Gulch
Red Mountain District - Sayres Gulch
Chaffee Co., Colorado Specimen No.

RMCC - 8

Sulfi de stri nger 1" thick with quartz on both sides,
minor iron staining

Minera logy
Sphalerite (60%, massive)
Galena (35%, < 1 mm)
Pyrite (2%, subhedral, 100 micron, with Cp in quartz gangue)
Chalcopyrite (3%, exsolved and replacing sphalerite and galena,

> 0.5 mm)

Texture
0-

Galen¢ replacing sphalerite, relic islands of pyrite, exsolved chalco-
pyrite

Paragenesis
Sl
Gn
Py
Cp

173
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Ruby Lakes Mine
Ruby Oistrict
Pitkin Co., Colorado Specimen No.

RMCC - 9

Brown, sooty veinlet, 1 cm thick with scattered
pyrite and minor quartz

Mineralogy
Pyrite (subhedrai, <.5 mm)
Hematite (X-ray, lathes outline relic monoclinic crystals)
Carbonate (siderite and calcite)

Texture
Pyrite grains fractured and enclosed in a quartz-carbonate gangue.Hematite veinlets to 4 mm.
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Harvey Prospect
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 10

Siliceous veinlet with stringers of Py and Cp, rare
grains of dark sulfied, hematite on both
walls, wallrock altered intrusive - .

Mineralogy
Pyrite (60%, < 1 mm)
Chalcopyrite (40%, irregular veinlets <.1 mm in gangue)
Galena (Traces in quartz, gangue and within large pyrite)

Texture
Euhedral pyrite and anhedral chalcopyrite in quartz gangue. Small
galena? Grains 10 micron scattered in gangue.

Paragenesis
Py
Cp
Gn



T-1538 176

Galena Bell Mine
Ruby District
Pitkin, Co., Colorado Specimen No.

RMCC - 11
Breccia with black, sooty material as a matrix for

intrusive fragments with pytite. Euhedral
pyrite to 2 mm in matrix, later quartz veinlets

Mineralogy
Pyrite (99%, euhedral, < 2 mm)
Galena (Traces in pyrite)
Sphalerite (Traces w/exsolved chalcopyrite)

Note: White sulfide refl. 40-50% in submicron size associated
with quartz veins

Texture
Euhdral pyrite embayed and corroded by quartz gangue. Quartz vein-
lets are later and have 1 micron pyrite
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Sayres Gulch
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 12

Altered intrusive, some brecciation with
clay and silica cement, abundant brown to
oranqe staining, disseminated pyrite

Mineralogy
Pyrite (70%, suhedral to 1 mm)

Chalcopyrite (25%, replacing pyrite and exsolved in Sl)
Sphalerite (5%, in solid solution with Cp)

Cp replacing Py
Sl replacing Py

Py
Cp
Cl

Texture

Paragenesis

- --
----
--- -
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Sayres Gulch
Red Mountain District
Chaffee Co., Colorado Specimen No.

RMCC - 13

Quartz monzonite porphyry with silica and sulfied
veinlets to .5 mm. Disseminated pyrite and
dark sooty 1 mm veinlets, feldspars cloudy,
moderate iron staining

Mineralogy
Pyrite (98%, 2 mm, subhedral)
Sphalerite (2%, veinlets to 200 microns)
Chalcopyrite (large, 10 micron, exsolved grains in sphalerite)

Texture
Subhedral pyrite in quartz = feldspar gangue. Sphalerite replacing
pyrite. Large grains of exsolved chalcopyrite in sphalerite.

Paragenesis
Py
Sl
Cl
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Galena Belle Mine
'Ruby District
Pitkin Co.,· Colorado Specimen No.

RMCC - 14
Breccia, black-sooty matrix with intrusive fragments,
fragments are high in silica and pyrite, euhedra1
pyrite in matrix to 2 mm, has well developed stria-tions.

Mineralogy
Pyrite (95%)

10 microns - trails or vein1ets
100 microns - euhedra1 in quartz gangue

Hematite (5%, blades in carbonate gangue)

Texture
Pyrite/as euhedra1 islands in quartz
Hematite as tabular blades in carbonate vein1ets

Paragenesis
Py ------
Hm ----------



T-1538

APPENDIX C

TABULATION OF GEOCHEMICAL DATA

180



T-1538 181

CHEMICAL ANALYSIS FOR Si02, K20, CaO, and Na20

Lithology Sample Si02Number

Tgd @ Three Cabir.s 253 65.0 5.7 2.2 5.2
Tld in McNasser G. 206 62.4 3.3 3.4 3.9
Tld on Star Mountain 911 66.6 3.9 3.9 3.4
Tgd on Middle Mountain 247 62.9 5.6 3.2 2.1
Tgd NW of Henschel L. 234 64.6 3.2 3.6 3.3
Trd SW of Henschel L. 234A 80.7 4.9 0.2 0.1
Tad Sayres G. 3915 60.2 2.8 3.4 5.3
Tqld ridge betw Sayres &

S. Fork 3918 67.5 3.5 1.5 2.7
Trd peripheral to Sawmill Plug 401 5.0 3.0 0.4
Tql Sawmill Plug 402 72.7 4.4 3.3 1.6
Trd peripheral to Sawmill Plug 405 5.5 1.0 0.3
Trd on Lake Pass 345 77 .9 4.9 0.2 0.1
Tpyd ring zone near E. Red 433 73.5 3.4 2.3 1.2
Tpyd @ E. Red 4313 4.4 1.9 1.5
Tad @ Middle Mountain 051 3.4 1.0 4.0
Trd @ head of Tabor G. 174 4.3 0.2 0.7
Taf TL Tunnel #1 202 4.0 3.1 1.9
Taf TL Tunnel #1 082 4.0 3.1 1.9
Taf Graham G. tuff 1710 3.8 3.5 2.4
Tqld TL Tunnel #2 201 3.7 2.6 1.8
Tqld ring zone in Sayres G. 193 4.0 3.0 1.0
Tqld @ Ruby 377 3.7 3.4 2.6
Trd ring zone on Jenkins Mtn. 232 5.2 2.2 0.3
Trd ring zone @ Petroleum L. 251 4.6 0.1 0.1
Tqld ring zone @ Petroleum L. 252 3.2 0.2 0.1
Tqld ring zone @ Petroleum L. 263 3.1 3.6 0.1

•
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