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STUDIES RELATED TO WILDERNESS

Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct mineral
surveys on certain areas to determine the mineral values, if any, that may be present. Results
must be made available to the public and be submitted to the President and the Congress.
This report presents the results of a mineral survey of the Redcloud Peak (CO-030-208)
and Handies Peak (CO-030-241) Wilderness Study Areas, Hinsdale County, Colorado.
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sions (calderas) were created in the western San Juan
region. Following collapse, the intrusion of another (re-
surgent) magma body domed and stretched the overly-
ing layers forming a northeast-trending, down-dropped,
fault-bounded regional structure called the Eureka gra-
ben. In early Miocene time, about 23 Ma, a similar se-
quence of events recurred in the eastern part of the ear-
lier caldera complex. The Sunshine Peak Tuff was
erupted, and the Lake City caldera subsided as a con-
sequence of magma removal. Shortly after, the Lake City
caldera was domed by emplacement of a variety of resur-
gent intrusions.

The wilderness study areas are in and adjacent to
the Eureka graben in an area where Paleozoic and Meso-
zoic sedimentary rocks are absent and Oligocene volcan-
ic rocks rest directly on Proterozoic granitic and
metamorphic rocks. Many of the faults in the Eureka gra-
ben show evidence of mineralization, and in adjacent
areas outside of the wilderness study areas these faults
contain significant deposits of gold, silver, lead, zinc,
and copper.

Identified Mineral Resources

The caldera complex in the western San Juan
Mountains region is one of the major mining areas in
the Western United States. Estimated metal production
since the early 1880’s has been about $8.5 billion at cur-
rent prices (gold, $340/troy oz (ounce); silver, $6.80/troy
0z). The wilderness study areas include parts of the Lake
and Galena mining districts and are just east of the
Eureka and Mineral Point mining districts (fig. 2). Com-
bined metal production from the Lake and Galena dis-
tricts has been about $200 million at current prices. The
wilderness study areas have been explored for precious
(gold and silver) and base (principally lead, copper, and
zinc) metals, uranium, and molybdenum. A vein in the
Pride of America mine, just north of the Redcloud Peak
Wilderness Study Area, contains silver, lead, and zinc,
and the same vein structure extends into the wilderness
study area. However, no identified mineral resources
were found in either wilderness study area.

Mineral and Energy Resource Potential

Large parts of the wilderness study areas have high
mineral resource potential for undiscovered silver, gold,
lead, zinc, and copper resources, with lesser amounts
of associated antimony, barite, bismuth, cadmium,
fluorspar, manganese, mercury, selenium, tellurium, and
tungsten resources, in vein and breccia-pipe deposits
(figs. 1, 8, 9). These areas have mineralized veins and
(or) breccias (masses of angular broken rock), contain
anomalously high concentrations of metallic and related
elements in rock and stream-sediment samples, and
have intensely altered host rocks exposed in favorable
tectonic, structural, and lithologic settings. Moderate po-
tential for these commodities in such deposits is in areas

having a favorable geologic setting but few mineralized
structures, an incomplete suite of anomalous indicator
elements, and less altered host rocks. Areas of low min-
eral resource potential for these commodities in breccia-
pipe deposits are characterized by favorable geologic
setting but little specific evidence of mineralization or
alteration. The wilderness study areas also have regions
of moderate potential for undiscovered gold-silver re-
sources in disseminated deposits hosted by permeable
volcanic rocks adjacent to mineralized faults and frac-
tures (figs. 1, 10). The remaining parts of the wilderness
study areas have low mineral resource potential for un-
discovered gold-silver resources in disseminated de-
posits hosted by volcanic rocks. Small areas, which are
underlain by sedimentary rocks, have low potential for
undiscovered gold-silver resources in sediment-hosted
disseminated deposits.

Two areas within the Redcloud Peak Wilderness
Study Area have moderate mineral resource potential for
undiscovered molybdenum and copper in porphyry-type
deposits in altered and mineralized intrusive rocks, and
one area in the Handies Peak Wilderness Study Area has
moderate potential for undiscovered molybdenum re-
sources in such deposits (figs. 1, 11). The areas of mod-
erate potential are defined by the proximity of weak
porphyry-type mineralization in and adjacent to intrusive
bodies, the distribution of altered rocks, and the pres-
ence of geochemical anomalies in rock and stream-
sediment samples. The rest of the wilderness study areas
has low mineral resource potential for undiscovered mo-
lybdenum and copper resources in such deposits.

The southwestern part of the Redcloud Peak Wil-
derness Study Area, in the vicinity of Silver Creek and
Redcloud Peak, has high mineral resource potential for
undiscovered uranium resources in vein deposits based
on the presence of a uranium-gold-silver-bearing vein,
intensely altered rocks, well-developed fractures,
anomalous radioactivity, and anomalous uranium con-
centrations in stream-sediment samples (figs. 1, 12).
Moderate potential for undiscovered uranium resources
in this type of deposit extends over other parts of the
Redcloud Peak Wilderness Study Area and parts of the
Handies Peak Wilderness Study Area where similar con-
ditions are present. Remaining parts of the wilderness
study areas have low potential for undiscovered uranium
resources in such deposits. The mineral resource poten-
tial for undiscovered uranium resources in disseminated
deposits associated with high-silica rhyolites is low in
both areas.

Although major deposits of alunite, a source of
aluminum, occur 1 mi east of the Redcloud Peak Wilder-
ness Study Area and elsewhere in the San Juan Moun-
tains, the mineral resource potential for undiscovered
alunite resources in the wilderness study areas is low.
No evidence for currently active hot spring activity was
found, and thus the energy resource potential for undis-
covered geothermal sources is low. The geologic envi-
ronment is unfavorable for deposits of coal, oil, and nat-
ural gas, so there is no energy resource potential for
these commaodities.
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INTRODUCTION

By Richard F. Sanford and Stanley L. Korzeb

The Redcloud Peak (CO-030-208) and Handies
Peak (CO-030-241) Wilderness Study Areas are in the
western San Juan Mountains in Hinsdale County, Colo.
The USGS (U.S. Geological Survey) and the USBM
(U.S. Bureau of Mines) studied 30,400 acres of the Red-
cloud Peak Wilderness Study Area and 7,885 acres of
the Handies Peak Wilderness Study Area. The study of
this acreage was requested by the BLM (U.S. Bureau of
Land Management). In this report, the studied area(s) is
(are) called “wilderness study area(s)” or simply “study
area(s).” The study areas are surrounded by non-
wilderness public land administered by the BLM and by
small parcels of private land. The BLM-administered and
private lands are bounded by the Big Blue Wilderness
Area (fig. 2) and the Uncompahgre National Forest on
the north and west and by the Gunnison National Forest
on the south and east. The wilderness study areas are
accessible by jeep roads and foot trails that connect with
two gravel roads from Lake City (pls. 1, 2), one extend-
ing west along Henson Creek and the other extending
south and west along the Lake Fork Gunnison River. The
study areas range in elevation from about 9,400 ft in the
valleys of Henson Creek and the Lake Fork Gunnison
River to 14,048 ft at the top of Handies Peak (fig. 1)
in the Handies Peak Wilderness Study Area. Two other
peaks above 14,000 ft are Redcloud (14,034 ft) and Sun-
shine (14,001 ft) Peaks (fig. 1), both in the Redcloud
Peak Wilderness Study Area.

This report presents an evaluation of the mineral
endowment (identified resources and mineral resource po-
tential) of the study area and is the product of several
separate studies by the USBM and the USGS. Identified
resources are classified according to the system of the
USBM and USGS (1980), which is shown in the Appen-
dix of this report. Identified resources are studied by the
USBM. Mineral resource potential is the likelihood of oc-
currence of undiscovered metals and nonmetals, industrial
rocks and minerals, and of undiscovered energy sources
(coal, oil, gas, oil shale, and geothermal sources). It is
classified according to the system of Goudarzi (1984) and
is shown in the Appendix. The potential for undiscovered
resources is studied by the USGS.

Investigations by the U.S. Bureau of Mines

Field investigations of the Redcloud Peak and Hand-
ies Peak Wilderness Study Areas were conducted by the
USBM during July and August 1984; observations on
prospecting, mining, and claim activity are as of that
period. Prior to field work, an extensive review was made
of county and BLM records for locations of patented and
unpatented claims and Federal mineral leases in or near

the wilderness study areas. Officials of the BLM, mine
owners, claim owners, and local residents provided infor-
mation regarding mining activity and mineral deposits.
The USBM surveyed and studied the mines, prospects,
and mineralized areas to appraise reserves and identified
subeconomic resources.

Investigations by the U.S. Geological Survey

During the summers of 1984 and 1985, the USGS
conducted geological, geophysical, and geochemical sur-
veys of the wilderness study areas. The data have been
integrated with other data gathered in ongoing studies of
the Lake City caldera and its surroundings.

Acknowledgments.—We gratefully acknowledge the
cooperation of the regional BLM and the regional USFS
(U.S. Forest Service), particularly Terry Reed, Arden An-
derson, John Sering, and Duane Harp, for their assistance
during the course of this study. Norma Swanson, of Lake
City, Colo., generously allowed us access to her extensive
collection of unpublished mining reports. Many claim and
mine owners permitted access to their property and pro-
vided unpublished data.

GEOLOGIC SETTING

By Ken Hon

Geology of the Western San Juan Volcanic Field

The Redcloud Peak and Handies Peak Wilderness
Study Areas are located in the western part of the mid-
Tertiary San Juan volcanic field of southwestern Colorado
(fig. 2). The western San Juan Mountains were the site
of periodic volcanic and hydrothermal activity from about
33 Ma until about 5 Ma (Lipman and others, 1970, 1973,
1976; Naeser and others, 1980).! Andesitic to dacitic lava
flows and breccias were erupted approximately 33-30 Ma
from several large stratovolcanoes in the area between
Lake City and Silverton (fig. 2) (Lipman and others,
1973, 1976). Volcanic and volcaniclastic rocks related to
these centers are as much as 5,000 ft thick in some places
and were deposited unconformably upon Mesozoic and
Paleozoic sedimentary rocks, and on Proterozoic
metamorphic and igneous rocks. Near the Redcloud Peak
and Handies Peak Wilderness Study Areas the underlying
basement is composed entirely of Proterozoic rocks, be-
cause the sedimentary rocks were either not deposited or
were removed by pre-volcanic erosion.

'Potassium-argon (K-Ar) ages determined from rocks of the San Juan
volcanic field prior to 1976 were replaced by the recalculated ages pre-
sented by Hon and Mehnert (1983). Volcanic and intrusive rocks were
named according to the TUGS (International Union of Geological Sci-
ences) classifications given by Le Maitre (1984) and Streckeisen (1976).
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About 30 Ma, andesitic volcanism gave way to
eruption of huge volumes of ash-flow tuff, which was
accompanied by subsidence of the source areas to form
calderas (Steven and Lipman, 1976). In the vicinity of
the Redcloud Peak and Handies Peak Wilderness Study
Areas, the Uncompahgre and San Juan calderas collapsed
contemporaneously during the eruption of the 29-Ma
Sapinero Mesa Tuff (Lipman and others, 1973). Caving
of oversteepened caldera walls enlarged the Uncompahgre
and San Juan calderas so that only a narrow septum of
Middle Proterozoic granite remained between them (Lip-
man, 1976a, b). The two calderas jointly resurged soon
after their collapse and formed a broad elliptical dome
that extends from Lake City to Silverton (fig. 2) (Lipman
and others, 1973; Steven and Lipman, 1976). Distensional
faulting along the crest of the dome produced a complex
northeast-trending graben (the Eureka graben shown on
fig. 2) with numerous inwardly dipping normal faults
(Luedke and Burbank, 1968; Steven and Lipman, 1976).
Postcollapse volcanic activity partly filled the moats of
the calderas with andesitic to dacitic lava flows and re-
lated tuffaceous sediments (Silverton Volcanics), and sev-
eral 25- to 28-Ma monzonitic stocks were intruded late
in the development of the Uncompahgre caldera (Lipman,
1976a; Caskey, 1979; Slack, 1980).

Volcanic activity resumed in early Miocene time
when the 23.1-Ma Sunshine Peak Tuff was erupted from
the eastern part of the earlier caldera complex and caused
the collapse of the Lake City caldera (Lipman and others,
1973; Hon and others, 1983). The Lake City caldera is
nested within the Uncompahgre caldera and truncates
many of the older structures associated with the
Uncompahgre—San Juan caldera complex, including faults
of the Eureka graben (Lipman, 1976a; Steven and Lip-
man, 1976). The silicic alkalic rocks related to the Lake
City caldera are petrologically distinct from the calc-
alkaline rocks formed during the earlier caldera sequences
(Lipman and others, 1978; Hon, 1987). At about the same
time (22-24 Ma), a series of quartz- and sanidine-bearing,
dacitic to andesitic intrusions were emplaced along a
northeasterly trend from Red Mountain Pass to Engineer
Pass (fig. 2) (Lipman and others, 1976). Later, high-silica
rhyolites were intruded largely along the same linear trend
between 19 and 10 Ma, but these extended farther to the
northeast toward Lake City (fig. 2) (Lipman, 1976a;
Lipman and others, 1976; Maher, 1983).

Geology of the Redcloud Peak
Wilderness Study Area

The Redcloud Peak Wilderness Study Area is
mostly within the 23.1-Ma Lake City caldera (fig. 2, pl.
1), which collapsed in response to the eruption of the
compositionally zoned Sunshine Peak Tuff. This ash-flow
sheet consists of a high-silica rhyolitic lower member, a
rhyolitic middle member, and a quartz trachytic upper

member (pl. 1) (Hon and others, 1983; Hon, 1987). The
three ash-flow members interfinger with a caldera-collapse
breccia member produced by periodic landsliding of older
rocks from the walls of the Lake City caldera. Most of
the rocks exposed within the Redcloud Peak study area
and in the eastern third of the Handies Peak study area
are part of this caldera-fill sequence (pls. 1, 2) (Lipman,
1976a, b; Hon, 1987).

The contemporaneous collapse and infilling of the
Lake City caldera by the Sunshine Peak Tuff was fol-
lowed relatively rapidly by the eruption of the dacite lavas
of Grassy Mountain along the southeastern quadrant of
the ring fault. The subsequent emplacement of a large
quartz syenite pluton and related rhyolitic intrusions into
the north-central part of the caldera resurgently domed
the caldera and tilted the earlier lavas (pl. 1) (Hon, 1987).
Most of the resurgence apparently postdated the early
phase of postcollapse volcanism, but occurred prior to the
eruption of dacite lavas that cover the area north of Red
Mountain (pl. 1). The final stages of igneous activity in
the Lake City caldera were the intrusion of the dacite
of Red Mountain and the quartz monzonite of Alpine
Gulch, apparently from the same underlying magma
chamber. Although the length of the entire caldera cycle
is not resolvable by K-Ar dating (Hon, 1987; Mehnert
and others, 1973), paleomagnetic data indicate that its du-
ration was probably less than 300,000 years (Reynolds
and others, 1986).

A few small areas of volcanic rocks, which are
dominantly Uncompahgre caldera fill outside of the Lake
City caldera, lie within the boundaries of the Redcloud
Peak Wilderness Study Area (pl. 1). Monzonitic intrusions
related to the Uncompahgre caldera are also present in
the northwestern and southeastern corners of the study
area (pl. 1) (Lipman, 1976a).

Structural activity within the Redcloud Peak Wilder-
ness Study Area was closely related to volcanic processes,
particularly to the formation of the Lake City caldera.
Major episodes of faulting and doming within the study
area are directly attributable to catastrophic ash-flow erup-
tions, followed by the emplacement of a large intrusive
body.

The most prominent structure is the ring fault of
the Lake City caldera, which is typically vertical or dips
steeply inward toward the center of the caldera (pl. 1)
(Lipman, 1976a). The ring fault bounds a deeply subsided
block marked by the accumulation of more than 5,000
ft of Sunshine Peak Tuff. During resurgence of the Lake
City caldera, differential upward movement occurred
along the ring fault. The asymmetric emplacement of the
resurgent quartz syenite intrusion within the north-central
part of the caldera produced uplift of greater than 4,000
ft on the northern sector of the ring fault, and displace-
ments gradually decrease in a counterclockwise direction
along the ring fault. Stratigraphic relations also indicate
the presence of a major fault in the drainage of Alpine
Gulch. Maximum displacement of greater than 4,000 ft
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along this fault coincides with the area of greatest uplift
on the ring fault and displacement diminishes rapidly to-
ward the interior of the caldera (pl. 1) (Hon, 1987).

Faulting within the caldera is related to resurgent
doming and the emplacement of quartz syenite intrusions
into the caldera-fill sequence. The faults are concentrated
above the quartz syenite intrusions and have a dominant
northeast trend, suggesting that they represent the root
zone of an extensional graben. The displacements on these
faults are generally less than 200 ft, although some dis-
placements of as much as 600 ft can be documented.
Many of the faults are marked by quartz veins or fault
breccias, but some have no outcrop expression and are
reflected only by stratigraphic offsets (pl. 1) (Hon, 1987).

Mineralization within the Redcloud Peak study area
appears to have occurred mainly during the Lake City
caldera cycle. Quartz veins occupy many of the mapped
faults within the core of the caldera, and the intensity
of the alteration associated with these mineralized struc-
tures is zoned about the resurgent intrusion (pl. 1) (Hon,
1987). Silver and lead-zinc-copper vein deposits north of
the Lake City caldera, about 1-2 mi outside of the study
area, are also postulated to be related to the emplacement
of the resurgent intrusion (Slack, 1980). A few faults con-
taining quartz veins cut or displace intracaldera intrusions,
which indicates some mineralization occurred after the
main caldera cycle (pl. 1). Small silicified and brecciated
masses of rock containing fragments of or cutting Sun-
shine Peak Tuff are present in the northwestern part of
the study area (pl. 1) (Hon, 1987). These breccias bear
some resemblance to the silicified cap rock associated
with breccia-pipe deposits near Engineer and Red Moun-
tain Passes (fig. 2) (Burbank, 1941; Fisher and Leedy,
1973; Maher, 1983).

Both the quartz monzonite of Alpine Gulch and the
dacite of Red Mountain, which lies just to the east of
the study area, display characteristics of weak porphyry-
type mineralization (pl. 1) (Bove, 1984; Hon, 1987). The
quartz monzonite body is cut by rare graphic quartz-
feldspar veinlets and magnetite veinlets; it is also closely
associated with a zone of tourmaline breccias and frag-
mental dikes (pl. 1) (Hon, 1987). The dacite of Red
Mountain is spatially and temporally associated with ex-
tensive hydrothermal breccias and 23.1-Ma alunite altera-
tion (Mehnert and others, 1979; Bove, 1984). The intense
advanced argillic alteration on Red Mountain grades
downward into argillic and potassic zones that are weakly
mineralized (Bove, 1984). Both of these plutons appear
to have been intruded along the ring fault from the same
underlying magma chamber late in the Lake City caldera
cycle. No geologic evidence of porphyry-type dissemi-
nated mineral deposits was found associated with any of
the resurgent quartz syenite or rhyolite intrusions within
the core of the Lake City caldera (Hon, 1987). In the
northwest corner of the study area, alteration and widely

disseminated porphyry-type mineralization associated with
monzonites in the Capitol City area (Steven and others,
1977; Slack, 1980) predate the Lake City caldera, as
shown by masses of this altered rock locally within
megabreccia of the Lake City caldera (Lipman and others,
1976).

Geology of the Handies Peak
Wilderness Study Area

The Handies Peak Wilderness Study Area encom-
passes part of the San Juan caldera, as well as the south-
western edge of the Lake City caldera. The area between
these two calderas is marked by faulted blocks of Protero-
zoic granite (pl. 2) (Lipman, 1976a), which represent the
remnants of the septum dividing the San Juan and Uncom-
pahgre calderas.

Rocks within the western part of the Handies Peak
study area represent deep levels of the fill within the San
Juan caldera and include thick sequences of the intracal-
dera Sapinero Mesa Tuff (Eureka Member) interfingered
complexly with megabreccia (Picayune Megabreccia
Member) (pl. 2) (Lipman, 1976a, b). In places this intra-
caldera ash-flow assemblage is capped by remnants of
postcollapse lavas (andesite, dacite, and rhyolite) and in-
terbedded sediments of the Silverton Volcanics, which
were downfaulted within the Eureka graben (pl. 2) (Lip-
man, 1976a). A similar sequence of intracaldera ash-flow
tuff (lower member of the Sunshine Peak Tuff) and inter-
fingered caldera-collapse breccia occurs in the part of the
Lake City caldera within the Handies Peak study area (pl.
2).

Only one intrusive body, a small dike southeast of
Handies Peak (pl. 2), was mapped in this study area. The
dike is a quartz- and sanidine-bearing dacite, similar to
dacites dated between 22 and 24 Ma in the vicinity of
Red Mountain and Engineer Passes (Lipman and others,
1976). Dikes of 17.5-Ma high-silica rhyolite are as-
sociated with mineralized pebble dikes 1 mi south of the
study area (Hon, 1987); however, there is no indication
that similar intrusions occur within the study area.

Northeast-trending faults of the Eureka graben
dominate structure within the Handies Peak study area;
however, on the south side of the study area a few faults
trend northwest (pl. 2) (Lipman, 1976a). Most of the
quartz veins in the study area lie within the Eureka graben
and represent the extension of a vein system that is highly
mineralized 5 mi southwest of the study area (Burbank
and Luedke, 1969; Casadevall and Ohmoto, 1977). Al-
though the faults were formed during resurgence of the
Uncompahgre-San Juan caldera complex, mineralization
did not occur until after the Lake City caldera cycle (Lip-
man and others, 1976). Some sections of the ring fault
of the Lake City caldera also contain quartz veins that
are younger than the caldera (pl. 2) (Hon, 1987).
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APPRAISAL OF IDENTIFIED RESOURCES

By Stanley L. Korzeb

Methods of Evaluation

County and BLM records were reviewed for loca-
tions of patented and unpatented claims and Federal min-
eral leases and lease applications in or near the wilderness
study areas. Field studies included examination of known
mines, prospects, and mineralized areas. Officals of the
BLM, mine owners, claim owners, and local residents
provided information regarding mining activity and min-
eral deposits. Samples of 538 rocks were taken from sites
within and near the wilderness study areas. Chip samples
were taken across known or suspected mineralized or al-
tered areas, and grab samples were taken from mine
dumps. Samples from patented claims outside of the study
areas were taken only if the mineralized structure extends
into one of the study areas. All samples were fire assayed
for gold and silver, and most were analyzed by atomic-
emission spectrography for 40 elements. Additional
analyses were made when other elements of interest were
detected or suspected. Analytical results are available for
public inspection at the U.S. Bureau of Mines, Intermoun-
tain Field Operations Center, Building 20, Denver Federal
Center, Denver, CO 80225, and are reported in Korzeb
(1986) and in Sanford and others (1987).

Four hundred feet of drill core from a site adjacent
to the Handies Peak study area were described in detail.
Sixteen polished sections were examined to determine the
mineralogy and texture of the veins.

Mining History

The western San Juan Mountains contain numerous
mining districts that have produced precious (silver and
gold) and base (principally lead, copper, and zinc) metals
worth about $8.5 billion at today’s prices’. With some
important exceptions, most of this production has been
from vein-type epithermal deposits. Breccia-pipe-type
epithermal deposits of the Red Mountain district, 12 mi

%Production figures are calculated at current prices, using $340/0z
for gold and $6.80/0z for silver where separate figures are available.
Where only total value of production figures are available and production
was mostly pre-1933, the current production value was computed by
multiplying the pre-1933 production by the ratio of the current price
of gold ($340/0z) to the pre-1933 price of gold ($20.67). Sources of
production data are: Sunnyside mine, Casadevall and Ohomoto (1977);
Golden Fleece mine, Irving and Bancroft (1911); Golden Wonder mine,
Slack (1976); Ute-Ulay mine, Irving and Bancroft (1911), Burbank
(1947a), p. 440; San Juan Mountains, Burbank and Luedke (1968); Red
Mountain district, Burbank (1947b), p. 430; Clastic-sediment dissemi-
nated-type epithermal deposits, Mayor and Fisher (1972); Carson camp,
Larsen (1911).

west of the study areas near Red Mountain Pass (fig. 2),
produced metals worth at least $164 million. Clastic-
sediment disseminated-type epithermal deposits adjacent
to veins had $20 million in reserves plus total production
through 1971. The acid-sulfate-type deposits (included in
breccia-pipe-type deposits) of Carson camp, 4 mi south
of the Redcloud Peak study area, produced metals worth
about $3 million. Although there has been no production
of metals in the area from volcanic-hosted disseminated
gold-silver deposits, from molybdenum-copper porphyry
deposits, nor from vein uranium deposits, the USGS in-
vestigations show that the geologic setting is favorable
for their occurrence. Mining has mostly been by under-
ground methods. Open-pit mining, used elsewhere for dis-
seminated gold-silver deposits and porphyry molybdenum-
copper deposits, has not been used in the western San
Juan Mountains as of 1987.

Parts of two mining districts (the Galena and Lake
districts) are within the wilderness study areas, and two
other districts (the Eureka and Mineral Point districts) are
just west of the study areas in the vicinity of the Eureka
graben and Engineer Pass (fig. 2). Most of the mines
in these districts produced mainly silver, lead, copper,
zinc, and minor amounts of gold. The individual silver-
lead-copper-zinc deposits in the districts adjacent to the
wilderness study areas range in production from very
small to about $200 million from the Ute—Ulay mine (pl.
1). Gold exceeded silver in dollar amount of production
in only three mines in these districts: (1) the Sunnyside
mine in the Eureka district (total production value: more
than $217 million), (2) the Golden Fleece mine in the
Lake district south of Lake City (total production value:
$23 million), and (3) the Golden Wonder mine in the
Lake district south of Lake City (total production value:
$740,000).

The Galena mining district is adjacent to and partly
inside the northern boundary of the Redcloud Peak study
area and extends from Engineer Pass to Lake City (fig.
2). Mining began after the discovery of the Ute—Ulay
veins in 1871 (Irving and Bancroft, 1911, p. 13). The
Ute—Ulay mine was active during 1871-1883 and 1887—
1940’s (Irving and Bancroft, 1911, p. 14; Burbank,
1947a, p. 440). In 1984, a flotation mill at the Ute—Ulay
mine in Henson Creek processed gold-telluride ore from
the Golden Wonder mine in the Lake district.

The Pride of America mine (pl. 1) in the Galena
district produced silver-lead-zinc-copper ore intermittently
between 1954 and 1969, during which time the ore as-
sayed 10 troy oz of silver per ton, 10-17 percent com-
bined lead and zinc, and 1 percent copper. The ore was
shipped to the Ute—Ulay mine and to Silverton for milling
(Sanford and others, 1986). Since then, the mine has been
inactive (as of early 1987).

Total production from the Galena district in 1943,
entirely from the Ute-Ulay mine, was 34 oz of gold,
9,329 oz of silver, 5 tons of copper, 191 tons of lead,
and 16.5 tons of zinc (Burbank, 1947a, p. 440). From
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1946 to 1958, combined production for the Lake and
Galena districts was 190 oz of gold, 36,696 oz of silver,
24 tons of copper, 846 tons of lead, and 186 tons of
zinc (Del Rio, 1960, p. 157).

The Lake district is mostly outside the eastern and
southern boundary of the Redcloud Peak study area and
outside the northern boundary of the Handies Peak study
area. The extreme western part of this district is referred
to as Burrows Park (fig. 1). With the discovery of the
Golden Fleece vein in 1874, the Lake district was estab-
lished (Irving and Bancroft, 1911, p. 13). This vein had
produced $1,400,000 (current value: $23 million) of ore
as of 1911 (Irving and Bancroft, 1911, p. 14). The Bon
Homme mine (pl. 2) in Burrows Park had produced
$2,265 (current value: $37,260) of ore by 1911 (Irving
and Bancroft, 1911, p. 17).

In 1984, mineral activity in the two study areas was
limited to claim staking. One hundred thirty one patented
claims and 509 unpatented claims are within an area in-
cluding the study areas and a 1-mi-wide strip around their
borders. Of the 131 patented claims, 8 are in the Redcloud
Peak Wilderness Study Area and 15 are in the Handies
Peak Wilderness Study Area. A claim owner was planning
to core drill a patented claim near Cooper Creek (fig.
1) in the Redcloud Peak Wilderness Study Area in 1985.
A block of unpatented claims in the Redcloud Peak Wil-
derness Study Area was staked for uranium in 1979, but
no mining for uranium or anything else was done.

Appraisal of Sites Examined

Veins in the two study areas are exposed only in
surface cuts, outcrops, and short adits. Samples from the
veins contain anomalous concentrations of many elements,
but no identified resources were found. Although no min-
eral resources are exposed at the surface, the USGS
studies suggest that some may be present at depth in the
veins.

Redcloud Peak Wilderness Study Area

Three mines in the Galena district are adjacent to
the Redcloud Peak Wilderness Study Area: the Pride of
America, Four Aces, and Ute-Ulay mines (pl. 1). The
Pride of America mine (Korzeb, 1986; Sanford and
others, 1986) is just outside the northern boundary of the
study area and in 1984 was owned by Ada—Mar Mines,
Inc., Grand Junction, Colo. A jeep road extending from
the main road in Henson Creek Valley provides access
to the mine. From this mine, a west-striking vein and
a north-striking vein trend into the Redcloud Peak Wilder-
ness Study Area. The veins exposed in the mine consist
of brecciated and silicified tuff; white quartz and clay in
pods, seams, and stringers; and sulfide minerals. The
most abundant sulfide minerals are galena, sphalerite, and
pyrite in seams, stringers, pods, and disseminated grains.

Chalcopyrite, silver-bearing tetrahedrite, and native silver
occur in minor amounts. These two veins have high con-
tents of arsenic, barium, copper, lead, silver, and zinc.

In the north-trending vein at the Pride of America
mine, anomalous concentrations are reported (Korzeb,
1986) for arsenic (0.014-0.084 percent), barium (0.006—
0.06 percent), copper (0.073-1.3 percent), lead (1.3-18
percent), silver (0.9-78.2 oz per ton), and zinc (0.22-44
percent). Assay grades for elements of potential economic
interest average 17.4 oz silver per ton, 6.0 percent lead,
and 9.85 percent zinc. In the west-trending vein of the
Pride of America mine, grades are: arsenic (0.0021-0.031
percent), barium (0.01-0.1 percent), copper (0.018-0.82
percent), lead (0.012-14.5 percent), silver (0.2-29.9 oz
per ton), and zinc (0.017-12.2 percent). The average
grade of the vein is 6.9 oz silver per ton, 4.7 percent
lead, and 1.7 percent zinc.

The Four Aces mine (Korzeb, 1986) is 600 ft north
of the northern boundary of the Redcloud Peak Wilderness
Study Area. Stanley Guy, Grand Junction, Colo., owned
the Four Aces mine in 1984. A jeep road extending from
the main road along Henson Creek provides access to the
mine. The Four Aces mine is on the same west-trending
vein mined in the Pride of America mine but is 200 ft
higher in elevation. The vein is composed of brecciated
and silicified tuff; white quartz in stringers, pods, and
veinlets; disseminated pyrite; and traces of disseminated
galena, sphalerite, and chalcopyrite. Sulfide mineral con-
tent is lower at this higher exposure of the vein than in
the Pride of America mine.

In the Four Aces mine, anomalously high concentra-
tions of arsenic, barium, lead, silver, and zinc were found
in the west-trending vein. Average assay grades for the
vein are: arsenic 0.005 percent, barium 0.007 percent,
lead 0.13 percent, silver 0.3 oz per ton, and zinc 0.10
percent.

The Ute-Ulay mine (Slack, 1976, 1980), about Y%
mi north of the Redcloud Peak study area, was owned
in 1984 by LKA International, Inc., Seattle, Wash. Ac-
cess is from the main road along Henson Creek. This
mine has accounted for most of the silver, lead, and zinc
produced in the Galena mining district.

The Redcloud Peak Wilderness Study Area has ap-
proximately 100 quartz veins of which about 30 are more
than 2,000 ft long; some are as much as 1 mi long and
extend 1,000 ft vertically (Hon, 1987). These veins con-
sist of brecciated and silicified tuff; stringers, pods,
lenses, and seams of white quartz; disseminated pyrite;
and traces of galena, chalcopyrite, sphalerite, tetrahedrite,
and rhodochrosite. Anomalous amounts of arsenic,
barium, lead, silver, and zinc have been found in the
veins in the study area. Tetrahedrite, colusite, and tel-
luride minerals have been found in the Sweethome vein
(pl. 1) (Korzeb, 1986; R.F. Sanford and A.M. Kramer,
unpub. data); semseyite (lead-antimony sulfosalt) has been
found in the vicinity of Cooper Creek (fig. 1, pl. 1) (Kor-
zeb, 1986); and tetrahedrite, tennantite, colusite, thorite,
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and monazite have been found at the Champion mine
(R.F. Sanford and A.M. Kramer, unpub. data).

The widest parts of the exposed veins have the high-
est sulfide mineral content and the highest assay values.
The highest values for arsenic, barium, lead, silver, and
zinc were found in prospects in the vicinity of Cooper
Creek, in the ring fracture near the western boundary of
the study area, and in the Sweethome vein.

Handies Peak Wilderness Study Area

In the Handies Peak Wilderness Study Area, there
are nearly 50 veins of which about 12 are longer than
2,000 ft and several are longer than 1 mi (Hon, 1987).
The veins are composed of brecciated and silicified tuff;
pods, stringers, and seams of white quartz; and dissemi-
nated grains, pods, seams, and veinlets of pyrite, galena,
sphalerite, and chalcopyrite (Korzeb, 1986).

Anomalously high arsenic, barium, copper, lead,
silver, and zinc concentrations were found in surface and
underground samples of veins in the Handies Peak study
area. On the west side of American Basin (fig. 1), one
vein is as much as 40 ft thick. At this location, sulfide
minerals are more abundant, and analytical values are
higher than in samples of the vein where it is less than
10 ft wide. In samples from the 40-ft-wide section of
the vein, maximum grades are 2.2 oz silver per ton and
14.3 percent lead compared to 1.0 oz silver per ton and
0.17 percent lead for vein widths of less than 10 ft (Kor-
zeb, 1986).

Mineralogy and geochemistry of the exposed veins
in the Handies Peak study area are similar to those of
veins in the Pride of America, Four Aces, and Ute-Ulay
mines (Korzeb, 1986). No mineral resources were iden-
tified at the surface in the study area, but USGS studies
show that resources similar to those in formerly producing
mines may exist at depth in these veins. Highest grades
of mineral resources are most likely to be found where
veins exceed 10 ft in thickness and where high values
of arsenic, barium, copper, lead, silver, and zinc are
found. The Fannie vein in the Bon Homme mine (pl.
2), near the northern boundary of the Handies Peak study
area, has had limited production of silver, copper, lead,
and zinc; according to the USGS study, additional
undiscovered resources of these elements might be found
elsewhere in this vein within the wilderness study area.

Geochemical and mineralogical evidence for a por-
phyry molybdenum deposit was found in a drill hole east
of the Handies Peak study area (pl. 2). A 421-ft-long
angle hole (—45°) drilled by MAPCO (USBM, unpub.
records) adjacent to the southeast corner of the study area
intersected approximately 300 ft of Proterozoic granite.
The drill core shows alteration, mineralogy, and geochem-
ical concentrations similar to those of porphyry molybde-
num deposits at Climax, Colo. (Korzeb, 1986). Pyrite and
fluorite are associated with porphyry molybdenum de-

posits of the Climax type (White and others, 1981, p.
270-271); both were found in quartz veins in the drill
core. Propylitically altered rock intersected by the
MAPCO drill hole is recognized by the presence of chlo-
rite, epidote, calcite, clay, and sericite and is commonly
found in the host rock above Climax-type ore bodies
(White and others, 1981, p. 302-303). Veins of massive
white quartz containing fluorite and molybdenite also were
intersected. Analytical results showed anomalous molyb-
denum, niobium, strontium, thorium, and uranium con-
centrations in the quartz veins and adjacent altered rocks.
Analytical results of two samples from the quartz veins
(provided to USBM by Charles Dustin, Lake City, Colo.)
are: molybdenum 0.0002-0.05 percent, niobium 0.002
percent, strontium 0.009 percent, thorium 0.0055 percent,
and uranium 0.0003-0.0007 percent. These analytical val-
ues are not ore grade and are not diagnostic because only
two samples were analyzed, but they do indicate minerali-
zation like that commonly associated with porphyry mo-
lybdenum deposits.

ASSESSMENT OF POTENTIAL FOR
UNDISCOVERED RESOURCES

Geochemistry
By Richard F. Sanford and Richard I. Grauch

Analytical Methods

Several different analytical techniques were used by
the USGS to analyze samples of veins, altered host rocks,
and stream sediments in and around the wilderness study
areas. The two main analytical techniques used were
direct-current arc emission spectroscopy (Myers and
others, 1961; Grimes and Marranzino, 1968) and induc-
tively coupled argon plasma atomic emission spectroscopy
(Crock and others, 1983). Many other specialized tech-
niques were employed for individual elements. Sample
preparation and analytical techniques are described in de-
tail in Sanford and Seeley (1987) and Sanford and others
(1987). Of the USGS samples, 412 were from veins and
altered host rocks. Twenty-five stream-sediment samples
were analyzed by the USGS in order to confirm geochem-
ical anomalies defined by data from 317 stream-sediment
samples analyzed by Barringer Research, Inc., for the
BLM (Weiland and others, 1980). This data set, hereafter
referred to as the BLM data, is a subset of samples from
the Lake City—Silverton region. USBM data include 554
samples from prospected veins and mine dumps (S.L.
Korzeb, USBM files, Denver; Korzeb, 1986; Sanford and
others, 1987). These data were considered along with the
USGS and BLM data in the following analysis of the
geochemistry.
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Analyses of an element were considered anomalous
if they exceeded the concentration in 95 percent of the
samples of typical host rocks (Sanford and others, 1987).
Elements having concentrations more than two orders of
magnitude above the minimum anomalous concentration
were classified as highly anomalous.

Results of Analyses of Rock Samples

The following elements occur in anomalous concen-
trations and are important for evaluating the mineral re-
source potential in the study areas: gold, silver, antimony,
arsenic, barium, beryllium, bismuth, boron, copper, in-
dium, iron, lead, manganese, mercury, molybdenum,
niobium, phosphorous, rare-earth elements, scandium,
strontium, sulfur, tellurium, thallium, thorium, tin,
tungsten, uranium, vanadium, and zinc. The complete
analytical data are reported in Sanford and others (1987).

The wilderness study areas are extensively
mineralized. Virtually all sampled veins show anomalous
concentrations of several of the above elements. For ex-
ample, figure 3 shows the distribution of samples with
anomalous gold, silver, or molybdenum concentrations.

Many elements commonly occur together in
anomalous amounts; silver, copper, lead, zinc, arsenic,
molybdenum, and antimony, for example, form broad
anomalies that extend across much of the wilderness study
areas as illustrated by the area of anomalous silver con-
centrations shown on figure 3. This suite of elements is
typical of mineralized veins and altered rocks throughout
the highly mineralized western San Juan Mountains. For
comparison, abundances of these elements in the wilder-
ness study areas are closely similar to those in breccia-
pipe deposits of the Red Mountain district near Red
Mountain Pass (fig. 2) (Fisher and Leedy, 1973) and the
breccia-pipe deposit on Engineer Pass (fig. 2) (Mabher,
1983) as shown in table 1. Only the southeast corner of
the Redcloud Peak Wilderness Study Area and a narrow
strip along the southeast margin of the Handies Peak Wil-
derness Study Area have no anomalies, which reflects a
combination of few samples in areas of poor exposure,
difficult access, and an apparent scarcity of veins.

Anomalous gold concentrations are found in scat-
tered localities throughout the northern part of the Red-
cloud Peak Wilderness Study Area (fig. 3). The Silver
Creek—Burrows Park area (fig. 3) is locally anomalous
in gold. The Handies Peak Wilderness Study Area has
numerous scattered mineral occurrences, especially in the
American Basin—Handies Peak area (fig. 3).

Molybdenum concentrations are anomalous in virtu-
ally all sampled veins; hence figure 3 shows only molyb-
denum occurrences that exceed 235 ppm (parts per mil-
lion). Highly anomalous molybdenum concentrations (as
much as 1,000 ppm) are in veins of the Galena and Lake
districts northeast of the Redcloud Peak Wilderness Study
Area (fig. 2), and the molybdenum there is locally as-

sociated with lithium. The contiguous Alpine Gulch area
in the Redcloud Peak Wilderness Study Area (fig. 1) also
contains very high molybdenum concentrations. Veins on
the north and west margins of the Redcloud Peak Wilder-
ness Study Area are also highly anomalous in molybde-
num. Very high concentrations also occur in the Handies
Peak Wilderness Study Area between American Basin and
the Black Wonder mine (fig. 3, pl. 1). Highest concentra-
tions of molybdenum are in the upper parts of Grizzly
Gulch, Campbell Creek, and Boulder Gulch drainages
(fig. 3). In the Handies Peak area, molybdenum is as-
sociated with thallium and barium.

Tungsten and boron concentrations are anomalous
in two mineralized samples associated with the quartz
monzonite of Alpine Gulch (pl. 1) (Hon, 1987). Tungsten
is high in a hematite vein; boron is high in the tourmaline
breccia. Because the detection limit (50 ppm) for tungsten
is so high above what is typical of the host rocks (2 ppm)
(Sanford, 1987), the extent of tungsten anomalies cannot
be determined. However, the sample containing 150 ppm
is significant because it is about 75 times background.

The elements beryllium, indium, manganese, and
tin are closely associated and, according to USGS data
(Sanford and others, 1987), are in anomalous concentra-
tions in veins of Burrows Park, upper Cooper Creek, Sil-
ver Creek, and Alpine Gulch in the Redcloud Peak Wil-
derness Study Area and in a vein northeast of Handies
Peak in the Handies Peak Wilderness Study Area. USBM
data (S.L. Korzeb, USBM files, Denver; Sanford and
others, 1987) show a much wider distribution of beryllium
over most of the wilderness study areas. High-silica rhyo-
lites north of the Lake City caldera are also strongly
anomalous in beryllium (Sanford and others, 1987).

Thorium, rare-earth elements, and phosphorous
occur together in veinlets of the Champion mine in Bur-
rows Park (fig. 1, pl. 1) and in a silicified breccia on
the northwest margin of the Lake City caldera. A few
other locations in the Lake City caldera as well as the
high-silica rhyolites north of the Lake City caldera also
exhibit anomalous concentrations of one or more of these
elements (Sanford and others, 1987).

Results of Analyses of Stream-Sediment Samples

Statistical analysis, including multivariate factor
analysis, of the BLM stream-sediment data indicate that
the major drainages of both wilderness study areas
traverse zones of anomalous metal content. Elemental
concentrations are considered anomalous if they are within
or above the 90th percentile of the probability distribution.
For example, base-metal (copper, lead, and zinc) occur-
rences are indicated in the areas of American Basin,
Shafer Basin, lower Lee Smelter Gulch, and Owl Gulch
(fig. 4, table 2). These results are in general agreement
with spatially limited investigations conducted by the U.S.
Department of Energy (Theis and others, 1981).
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with a broad aeromagnetic high and with outcrops of
quartz syenite. H1 probably reflects the resurgent intru-
sion under the caldera. The gravity and magnetic models
of Grauch (1985) suggest that H5 is caused by a southern,
deeper extension of the intrusion. The models also suggest
that the crescent-shaped high centered on Red Mountain
(H2) is produced by a deep intrusive body that is more
magnetic and denser than the resurgent intrusion. This
body may have fed the Red Mountain dacite dome just
east of the Redcloud Peak Wilderness Study Area.

The large-magnitude, local high anomaly between
Silver Creek and Cooper Creek (H3) has no corresponding
aeromagnetic or surface expression, but may indicate a
small dense intrusion that has lost its magnetic minerals
through hydrothermal alteration. Preliminary gravity mod-
eling with simple geometric shapes constrain estimates of
the density and shape of the causative body. The body
is probably fairly close to the surface (within the first
hundred feet) and does not extend laterally much more
than % mi in any direction. The body also extends to
great depth and is denser than 2.67 g/cm®. These con-
straints suggest that H3 represents a body of intermediate
or mafic composition that locally intruded the Sunshine
Peak Tuff. Its location within an area of extensive hydro-
thermal alteration may explain the lack of an associated
aeromagnetic anomaly.

The low along Alpine Gulch (L1) coincides with
a major tear fault (pl. 1). L1 is probably caused by low-
density material that is spatially associated with the fault.
The quartz monzonite of Alpine Gulch at the mouth of
Alpine Guich crops out only on the west side of this tear
fault. The aeromagnetic data (High Life Helicopters/QEB,
1981) confirm that the quartz monzonite occurs only on
the west side, even at depth, and in fact may continue
just below the surface about a mile to the northwest.

Anomalies located in or near the Handies Peak Wil-
derness Study Area are the lows in Burrows Park (L2),
along Grizzly Gulch (L3), and straddling the edges of
the two study areas (L4), and a high (H4) centered around
Handies Peak. L2 and L3 may be due to fracturing and
alteration typical of the Eureka graben (fig. 2). The low
at L4 suggests a local area of low-density rock, and coin-
cides with an area of hydrothermally altered rock that was
inferred from electrical studies (Pierce and Hoover, 1985).
Hydrothermal solutions at shallow depth may have altered
the minerals of the rocks in this area to lower density
minerals. The aeromagnetic map (fig. 6) shows a negative
anomaly (L2) coinciding with gravity anomaly L3 and
bordering L4. This aeromagnetic low also suggests an
area that has lost its magnetic minerals through hydrother-
mal alteration (Grauch, in press).

The high gravity anomaly centered around Handies
Peak (H4) is poorly constrained. It may be caused by
an underlying intrusion. The steep sides of this anomaly
suggest a shallow source, although there is no surface

evidence for a shallow intrusion in this area. The high
anomaly more likely indicates that the material making
up Handies Peak is somewhat denser than the reduction
density of 2.40 g/cm>.

Aeromagnetic Survey and Results

Detailed aecromagnetic data over the Redcloud Peak
and Handies Peak Wilderness Study Areas (High Life
Helicopters/QEB, 1981) have been evaluated elsewhere
(Grauch, in press). In addition, regional acromagnetic data
(U.S. Geological Survey, 1972) and another detailed sur-
vey (High Life Helicopters/QEB, 1983) were available but
were not evaluated during this investigation. The 1983
High Life survey shows the same features as the 1981
High Life survey and covers a similar area. A total inten-
sity aeromagnetic anomaly map for the study areas and
vicinity is shown on figure 6.

The aeromagnetic data over the study areas reflect
mostly rocks exposed at the surface, such as at anomalies
L1, H1, H2, and H3 on figure 6 (Grauch, in press).
Aeromagnetic anomalies H4 and H5 confirm the presence
of the quartz syenite resurgent intrusion, expressed as
gravity anomaly H1, and the intrusion centered under Red
Mountain, expressed as gravity anomaly H2. In addition,
a steep-sided, local aeromagnetic anomaly (H6), which
has no gravity counterpart, occurs over alluvium 2.5 mi
west of Grassy Mountain, crossing the contacts between
ash flows of the lower and middle and the middle and
upper members of the Sunshine Peak Tuff (pl. 1) (Hon,
1987). The source of the anomaly must be strongly mag-
netic and very shallow (under the alluvium or within it),
but there is nothing anomalous at the surface. The absence
of an associated gravity anomaly suggests that the magnet-
ic source is not an intrusion.

A broad, low aeromagnetic anomaly (L2 on fig. 6)
coincides with gravity anomaly L3 and borders on L4 (fig.
5). As discussed in the previous section, this area may
have experienced extensive hydrothermal alteration at
shallow depths.

Aeroradiometric Survey and Results

Aeroradiometric data covering both the Redcloud
Peak and Handies Peak Wilderness Study Areas were col-
lected by High Life Helicopters, Inc. (High Life Helicop-
ters/QEB, 1981). The data are in general agreement with
those obtained by two earlier surveys (Western Geophysi-
cal Company of America, 1979; GeoMetrics, Inc., 1979).
These latter two surveys were not evaluated as part of
this study. Interpretation of the High Life Helicopters,
Inc., data by Pitkin and Duval (1982) suggests that within
the wilderness study areas the chemistry of the exposed
rocks is accurately reflected by the airborne measurement
of eU (equivalent uranium), eTh (equivalent thorium), and
K (potassium). Highly anomalous concentrations of these
elements were not recognized within the study areas.
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Rhyolite intrusions immediately north of the Redcloud
Peak Wilderness Study Area, which are associated with
minor uranium deposits, have slightly elevated (>0.5) eU/
€Th ratios. Several small areas within both study areas
have ratios greater than 0.5; however, they do not corre-
spond to mapped rhyolite intrusions and are interpreted
in a later section on resource potential for uranium as
due to uranium enrichment related to potential vein-type
deposits.

Electrical Survey and Results

Pierce and Hoover (1985) conducted an audio-
magnetotelluric traverse across both of the study areas
(fig. 7) and a telluric traverse through Burrows Park just
north of the Handies Peak Wilderness Study Area. Both
techniques are designed to measure variations in resistivity
of rocks in the near surface and deeper subsurface. Areas
of low resistivity may indicate altered rock and (or) water-
saturated, conductive material. Three areas of anoma-
lously low resistivity were defined within the study areas.
The ring fault of the Lake City caldera marks a deep
zone of very low resistivity, which Pierce and Hoover
(1985) interpreted as a zone of alteration and possible
mineralization. This area generally coincides with gravity
and aeromagnetic lows, L4 on figure 5 and L2 on figure
6. In addition, a steeply dipping resistivity gradient occurs
near Silver Creek, and a gently east-dipping resistivity
gradient occurs between Middle Fork Alpine Guich and
East Fork Alpine Gulch. Pierce and Hoover (1985) inter-
preted both of these anomalies as manifestations of con-
tact zones between the resurgent intrusion of the Lake
City caldera and the Sunshine Peak Tuff.

Mineral and Energy Resource Potential

Epithermal Precious-Metal (Silver and Gold) and Base-Metal
(Principally Lead, Zinc, and Copper) Deposits

By Richard F. Sanford

Criteria for Recognition of Epithermal Deposits

Epithermal ore deposits are those formed by precipi-
tation of metals from hydrothermal solutions at moderate
temperatures (200-300 °C) and relatively shallow depth
(a few hundred to several thousand feet). The hydrother-
mal solution was originally meteoric water, which perco-
lated downward through fractures and pore spaces in the
rocks and was then heated, presumably by deep-seated
igneous intrusions. As the temperature of the water in-
creased, the water reacted with and leached metals from
the enclosing rocks. Where this solute-laden fluid rose
by convection through fractures and pore spaces toward
the surface, it cooled and (or) mixed with dilute surface

water causing the metals to drop out as sulfides, sul-
fosalts, and other valuable minerals.

The commodities of epithermal deposits are princi-
pally gold, silver, lead, copper, and zinc. Other com-
modities in this type of deposit include antimony, bis-
muth, cadmium, manganese, mercury, selenium, tel-
lurium, tungsten, barite, and fluorspar. Anomalous as-
sociated elements that are primarily useful as exploration
guides include, in addition, arsenic, barium, molybde-
num, niobium, thallium, and tin (Fisher and Leedy, 1973;
Ashley, 1982; Berger, 1982; Silberman, 1982; Bonham,
1984, 1986; Tooker, 1985).

The common tectonic setting for epithermal deposits
is a stable continental craton covered by a thick volcanic
pile of rhyodacitic to rhyolitic flows and tuffs (Barton
and others, 1982).

Structures favorable for the occurrence of epither-
mal deposits in volcanic terrane are usually faults, frac-
tures, and cavities that have formed during multiple gener-
ations of fracturing associated with caldera collapse, resur-
gent doming, and graben formation (Berger, 1982; Hayba
and others, 1985; Heald and others, 1987). Multiple
episodes of fracturing and brecciation favor the circulation
of hydrothermal fluids. Major faults that bound graben
structures and collapse calderas are particularly favorable
for large deposits, although important deposits, notably
those at the Ute—Ulay mine, are hosted by relatively small
isolated structures. In the western San Juan Mountains,
the most favorable formations are the San Juan Formation,
the Silverton Volcanics, and the Eureka and Picayune
Megabreccia Members of the Sapinero Mesa Tuff (Bejnar,
1958).

Alteration around epithermal deposits includes pro-
pylitic, silicic, sericitic, argillic, and advanced argillic
types. Regional propylitization of host rocks is virtually
ubiquitous in mineralized areas.

The study areas are favorable for the occurrence of
four types of epithermal deposits: vein, breccia-pipe,
volcanic-hosted  disseminated, and clastic-sediment
disseminated.

Previous work shows that the historically most im-
portant epithermal deposits in the San Juan Mountains re-
gion are those in veins. The Idarado—-Camp Bird
(Moehlman, 1936; Hildebrand, 1957), Sunnyside (Bur-
bank and Luedke, 1968; Casadevall and Ohmoto, 1977),
and Creede (Steven and Ratté, 1965; Steven and Eaton,
1975; Barton and others, 1982) deposits in the San Juan
Mountains are examples of this type. Veins are formerly
open fractures and faults that have since been filled by
hydrothermally deposited minerals. They are typically
steeply dipping to vertical and are orders of magnitude
longer than they are wide. Individual veins are typically
a few feet wide and as much as several miles long. At
depth, they extend to hundreds or thousands of feet. Ore
occurs as pods or lenses separated by barren waste mate-
rial such as quartz. Because of this variability within
veins, it is important to recognize that seemingly barren
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veins at the surface may be rich in ore at depth, and,
conversely, rich veins at the surface may be barren at
depth. Vein-type deposits typically exhibit potassium-
feldspar “flooding” and sericitization adjacent to the veins
and sericitic to argillic caps above the ore (Barton and
others, 1982).

The second type of epithermal deposit is a breccia-
pipe deposit. The Red Mountain district between Silverton
and Ouray (Ransome, 1901) contains many deposits of
this type. Other examples near the study area are the En-
gineer Pass deposit (Maher, 1983), the Golden Wonder
mine (Billings and Kalliokoski, 1982; Kalliokoski and
Billings, 1982), and the Carson camp deposits (Larsen,
1911). Breccia pipes are roughly cylindrical in shape,
equidimensional in plan, and tens to hundreds of feet in
diameter. Surface expression of pipe-like bodies ranges
from very prominent silica caps having varicolored red,
orange, and yellow alteration halos to subtle ring-shaped
fractures and brecciated zones with little hydrothermal
alteration. Breccia-pipe deposits are generally smaller and
have higher grades than vein-type deposits. Typically, the
ore fills the interstices of fault and hydrothermal breccias.
Acid dissolution typically has enlarged the cavities and
locally provided additional space for mineral deposition.
Such deposits are commonly leached in the center with
surrounding zones of intense silicification and advanced
argillic alteration. They tend to be concentrated along the
ring faults of calderas (Hayba and others, 1985; Heald
and others, 1987).

The third type of epithermal deposits is dissemi-
nated deposits in volcanic rocks. Round Mountain in
Nevada (Berger and Tingley, 1980; Sander and Mills,
1984) typifies this type of deposit. Precious metals (gold
and silver) are usually the only mineral commodities. In
these deposits, a large volume of volcanic rock has been
mineralized either in an extensive network of small vein-
lets or in the primary pore spaces of a permeable non-
welded tuff. Ore bodies vary in size from minor deposits
adjacent to veins to major deposits covering square miles.
Locally, stockworks in the hanging walls of veins are
more productive than the veins. Some districts show sev-
eral structural types of epithermal deposits (for example,
veins, stockworks, and replacements) that are controlled
by local differences in the host rocks. Thus, areas having
known deposits of precious metals in veins in volcanic
rocks are favorable for the occurrence of disseminated
deposits.

Disseminated deposits in clastic rocks are the fourth
type of epithermal deposits considered here. The Bachelor
Mountain deposit at Creede, Colo. (Smith, 1981; Rice,
1984) is one example. Ore minerals were deposited in
primary and secondary pore spaces in permeable volcan-
iclastic sandstones. Sediment-hosted ore bodies occur as
disseminations in small bodies adjacent to veins as at the
Idarado mine (Mayor and Fisher, 1972), in larger bodies
where veins in volcanic rocks terminate against lacustrine

volcaniclastic sediments as at Creede (Smith, 1981; Rice,
1984), and as large bodies covering square miles in vol-
caniclastic sediments as at Sulfur and Hasbrouck Peak,
Nev. (Silberman, 1982). Permeable host rocks and adja-
cent mineralized veins are considered as favorable indi-
cators for the occurrence of this type of deposit.

Evaluation of Mineral Resource Potential for
Epithermal Deposits—General Statement

The study areas have regions of high mineral re-
source potential and regions of moderate potential for
principally silver, gold, lead, zinc, and copper in epither-
mal deposits, with certainty levels ranging from B to D.
The Redcloud Peak and Handies Peak Wilderness Study
Areas are in Tertiary volcanic terrane that is highly frac-
tured and faulted as a result of repeated episodes of cal-
dera collapse and graben formation. Such a setting favors
the formation of all types of epithermal deposits. Mapping
(Hon, 1987; this report) and geophysical data (Grauch,
1985) indicate that large intrusions capable of driving con-
vective hydrothermal circulation underlie the Redcloud
Peak Wilderness Study Area, although similar clear evi-
dence for intrusions in the Handies Peak Wilderness Study
Area is lacking. Geophysical data also suggest several
areas of intense fracturing and alteration in both areas.
The wilderness study areas lie in or adjacent to the highly
mineralized San Juan—Uncompahgre caldera complex,
which includes the Eureka graben.

Almost all of the Redcloud Peak and Handies Peak
Wilderness Study Areas has anomalous concentrations of
virtually all the elements associated with epithermal de-
posits elsewhere in similar volcanic environments. These
geochemical anomalies are favorable indicators for the oc-
currence of all the types of epithermal deposits discussed
here.

Regional propylitic alteration is widespread espe-
cially in the lower two members of the Sunshine Peak
Tuff (Hon, 1987), in the lower part of the Eureka Member
of the Sapinero Mesa Tuff (Lipman, 1976a), and in the
Proterozoic rocks closest to the ring fault of the Lake
City caldera and to the Eureka graben (Larson and Taylor,
1986). Quartz-sericite-pyrite alteration, corresponding to
hematite- and limonite-altered areas on plate 1, occurs
around the resurgent intrusion in the Lake City caldera
and in most rocks adjacent to veins in the two study areas
(Hon, 1987). Similar alteration has affected rocks in the
Capitol City area (Slack, 1976; Steven and others, 1977).
Oxygen-isotope data also indicate hydrothermal alteration
in the study areas (Larson, 1983; Larson and Taylor,
1986). Electrical studies suggest that much intensely al-
tered rock is associated with the ring fault in the Burrows
Park area (pl. 1, fig. 7) (Pierce and Hoover, 1985). The
widespread and locally intense alteration in the study areas
is a favorable indicator for all varieties of epithermal
deposits.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

Definitions of Mineral Resource Potential

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical charac-
teristics define a geologic environment in which the existence of resources is unlikely. This broad
category embraces areas with dispersed but insignificantly mineralized rock as well as areas with few
or no indications of having been mineralized.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations
of data indicate a reasonable likelihood of resource accumulation, and (or) where an application of
mineral-deposit models indicates favorable ground for the specified type(s) of deposits.

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical charac-
teristics indicate a geologic environment favorable for resource occurrence, where interpretations of
data indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit
models indicating presence of resources, and where evidence indicates that mineral concentration has
taken place. Assignment of high resource potential to an area requires some positive knowledge that
mineral-forming processes have been active in at least part of the area.

UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign low,
moderate, or high levels of resource potential.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined
area.

Levels of Certainty

U/A H/B H/C H/D
f HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL
-
.3_ m/8 Mm/C M/D
z
o MODERATE POTENTIAL | MODERATE POTENTIAL | MODERATE PGTENTIAL
o
a UNKNOWN
w
CLC) POTENTIAL L/B L/C L/D
)
S LOW POTENTIAL
4 LOW Low
o) POTENTIAL POTENTIAL N/D
@
S NO POTENTIAL
w
-

A B C D
LEVEL OF CERTAINTY =3

Available information is not adequate for determination of the level of mineral resource potential.
Available information suggests the level of mineral resource potential.

Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

vCaw»

Abstracted with minor modifications from:

Taylor, R. B., and Steven, T. A., 1983, Definition of mineral resource potential: Economic Geology,
v. 78, no. 6, p. 1268-1270.

Taylor, R. B., Stoneman, R. J., and Marsh, S. P., 1984, An assessment of the mineral resource potential
of the San Isabe! National Forest, south-central Colorado: U.S. Geological Survey Bulletin 1638, p.
40-42.

Goudarzi, G. H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S.
Geological Survey Open-File Report 84-0787, p. 7, 8.



RESOURCE /RESERVE CLASSIFICATION

IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Probability Range
Inferred (or)
Measured Indicated Hypothetical l Speculative
! I
ECONOMIC Reserves Inferred Reserves
L ] _ -4 —]
1
MARGINALLY . Inferred
Marginal Reserves .
ECONOMIC Marginal Reserves
ot — Threred | ~
SUB- Demonstrated Sub[:ac:ec;:meomic
ECONOMIC Subeconomic Resources Resources

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from
U. S. Bureau of Mines and U. S. Geological Survey, 1980, Principles of a resource/reserve classification for

minerals: U. S. Geological Survey Circular 831, p. 5.



GEOLOGIC TIME CHART

Terms and boundary ages used in this report
BOUNDARY AGE
EON ERA PERIOD EPOCH IN
MILLION YEARS
Holocene
Quaternary 0.010
Pleistocene
- 1.7
Neogene Pliocene 5
Cenozoic Subperiod Miocene
24
Tertiary Oligocene 38
Paleoge.ne Eocene
Subperiod 55
Paleocene
66
Late
Cretaceous Early - 96
1
Late 38
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Early
i ~ 240
Phanerozoic ] Late
Permian Early
290
Late
Pennsylvanian Middle
Carboniferous Early
Paleozoic Periods . Late ~ 330
Mississippian Early
360
Late
Devonian Middle
Early
410
Late
Silurian Middle
Early 435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
~ 570"
Late Proterozoic
900
Proterozoic Middle Proterozoic
1600
Early Proterozoic
2500
Late Archean
3000
Archean Middle Archean
3400
Early Archean
b—_— ——— —t o . — 38007 - ]
pre - Archean?
4550

'Rocks older than 570 m.y. also called Precambrian, a time term without specific rank.

2 Informal time term without specific rank,
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