











BOULDER-PIONEER WILDERNESS STUDY AREA, IDAHO

By FRANK S. SIMONS,! U.S. GEOLOGICAL SURVEY, and

ERNEST T. TUCHEK, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey of the Boulder-Pioneer Wilderness study area in
the Pioneer and Boulder Mountains of south-central Idaho, was made in
1974-75. The area has demonstrated resources of about 1.7 million tons of lead-
zinc-silver ore, mostly in the Phi Kappa mine, and an additional 2.5 million tons
of demonstrated resources in areas of substantiated potential for these metals
and for tungsten, molybdenum, and fluorite. The survey indicates substantiated
resource potential in eight areas and probable mineral-resource potential in
seven. Mineral commodities of greatest interest include tungsten, copper, lead,
zing, silver, gold, molybdenum, vanadium, and barite. There is little likelihood
for the occurrence of oil, gas, coal, or geothermal resources.

CHARACTER AND SETTING

The Boulder-Pioneer Wilderness study area is just
northeast of the town of Ketchum in central Idaho. It is
a northwest-trending, roughly oval shaped mountain-
ous area 35 mi long and 20 mi wide, and covers about
450 sq mi exclusive of corridors along access roads. The
northeastern half of the area is drained by the Big Lost
River, the southwestern half by the Big Wood River.
The nearest highways are U.S. 93 on the west side of the
study area along the Big Wood River and U.S. 93 Alter-
nate northeast of the study area. The study area is
crossed by a road and branches of this road go up East
Fork Big Lost River into Copper Basin, Star Hope
Creek, and Muldoon Canyon; up North Fork Big Lost
River; and up Wildhorse Creek. Other access roads lead
from U.S. Highway 93 up East Fork Wood River and
Hyndman Creek, from Hailey to the Porcupine Creek
area, and from Bellevue into Muldoon and Copper
Creeks.

Access to most of the area is by trails, only a few of
which are maintained and regularly used. Except for
Trail Creek summit, the crest of the Pioneer Mountains
is extremely rugged, and no trail crosses it anywhere in
the 15 air mile distance between Trail Creek summit and
the head of Little Wood River.

The topography of the study area is rugged and char-
acterized by steep slopes and very narrow ridge crests.
Altitudes range from about 6000 ft along the southwest
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border of the area and 7000 to 8000 ft along the north-
east border, to 12,009 ft on Hyndman Peak, the third
highest point in the state. Local relief is commonly 3000
ft and in places is as much as 4000 ft. Canyons on the
northeast side of the mountain crest have been glaci-
ated for their entire length, and those on the southwest
side were glaciated to at least as low as 7000 ft.

The most scenic part of the study area is along the
crest of the Pioneer Mountains, particularly the part ex-
tending from Devil’s Bedstead (11,151 ft) to Standhope
Peak (11,878 ft) and Pyramid Peak (11,628 ft), a dis-
tance along the crest of about 5 mi. This region is one of
knife-edge ridges (aretes), jagged horn peaks, and
numerous small cirque lakes, and bears the imprint of
vigorous alpine glaciation.

The bedrock of the study area consist of granitic
gneiss and associated rocks of Precambrian age; meta-
sedimentary rocks, mainly quartzite, schist, and mar-
ble, of Proterozoic(?) and Ordovician age; Paleozoic sedi-
mentary rocks of varied lithologies and ranging in age
from Ordovician to Permian; intrusive quartz mon-
zonite and associated silicic dikes, and intermediate to
silicic volcanic rocks, all of Tertiary age. Bedrock is
locally concealed beneath glacial and lake deposits,
alluvium, and talus, all of Quaternary age. Paleozoic
rocks make up two units on the geologic map, rocks in
tectonic windows beneath thrust faults, and rocks in the
overlying thrust plates.

The Paleozoic rocks are complexly folded and are cut
by east- to northeastward-directed thrust faults of great
displacement and by normal faults, some of which are
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large. The Pioneer Mountains are broadly anticlinal and
consist of a northwest-trending core of gneiss, metasedi-
mentary rocks, and plutonic rocks tectonically overlain
by a succession of thrust sheets of sedimentary rocks,
some of which are slightly metamorphosed. The young-
est sedimentary rock unit involved in major thrust
faulting is the Wood River Formation of Pennsylvanian
to Permian age. Thrust faulting was essentially com-
pleted before emplacement of most of the intrusive
rocks and deposition of the volcanic rocks; the volcanics
are broken by normal faults but are not otherwise much
disturbed.

A geochemical study was based on analyses of
stream-sediment, rock, and soil samples, and samples
from mines and prospects. Mines, prospects, and min-
ing records were examined. Aeromagnetic and gravity
surveys were done to aid in interpretation of geologic
structure and evaluation of mineral-resource potential.

The study area includes parts of 5 mining
districts—Alta, Copper Basin, Little Wood River, Lava
Creek, and Warm Springs—and adjoins 2 others,
Mineral Hill and Alder Creek (or Mackay). Production
from these seven districts totals about $65 million, of
which about $870,000 was produced from mines within
the study area. Mines within or close to the study area
that have produced $50,000 or more are shown on the
map. About 80 percent of the production in the study
area has come from lead-zinc-silver deposits of the
Homestake and Lake Creek mines ($340,000), the Phi
Kappa mine ($174,000), the Eagle Bird mine ($130,000)
and the Star Hope mine ($50,000). Mines outside of but
close to the study area that have had appreciable pro-
duction are the Wildhorse ($459,000 in tungsten ore),
Mascot ($200,000 in lead-silver ore), and Solid Muldoon
($200,000 in lead-silver ore). Mining has been intermit-
tent from about 1885 to 1975. More than 2600 lode
claims and 11 placer claims have been located within the
study area, and hundreds more near the boundary.

MINERAL RESOURCES

The study area has geologic terranes with probable
and substantiated mineral-resource potential. Eight
areas of substantiated resource potential are shown on
the map: Little Fall Creek (area A), Phi Kappa Creek
(area C) and Wildhorse Creek (area D) in the Alta
district; Lake Creek (area B) and East Fork Wood River
(area E) in the Warm Springs district; Star Hope Creek
(area F) in the Copper Basin district; and Garfield Creek
(area G) and Muldoon Creek (area H) in the Little Wood
River district. Mines in these terranes that contain
25,000 tons or more of demonstrated or inferred
resources of known or estimated grade are shown.
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Demonstrated resources at specific mines in the areas
of substantiated resource potential total about 1.7
million tons of lead-zinc-silver ore, most of which is in
the Phi Kappa mine (Alta district). Resources of a few
thousand tons are in the Homestake and Lake Creek
mines in the Warm Springs district and in the Eagle
Bird mine in the Little Wood River district.

Additional demonstrated and inferred resources total
about 2.5 million tons in areas of substantiated mineral-
resource potential. The largest, about 1.4 million tons of
tungsten-bearing rock averaging 0.32 percent tungsten
trioxide, is in the Pine Mouse group of prospects on
Wildhorse Creek in the Alta district. Other resources
are mainly in areas of substantiated lead, zinc, and
silver resource potential and consist of about 106,000
tons in the Alta district, 880,000 tons in the Warm
Springs district (730,000 tons in the Homestake mine
alone), and 107,500 tons in the Little Wood River
district. The Alta district also has a resource of about
50,000 tons of molybdenum-bearing rock averaging 0.22
percent molybdenum sulfide and 1000 tons of fluorite-
rich rock containing from 49 to 95 percent calcium
fluoride (fluorite). Past production from the Star Hope
mine in the Copper Basin district suggests that the
district has substantiated mineral-resource potential
but data are not adequate to estimate demonstrated
resources.

Analytical data from stream-sediment and rock
samples indicate seven areas that have probable
mineral-resource potential. These areas are interpreted
to have only probable potential because the size of
known deposits in the study area is small, the area lacks
extensive zones of alteration, and most of the geochem-
ical anomalies are weak and widely scattered.

The first area of probable resource potential is about
10 mi long and 4-6 mi wide in the southeast part of the
study area in which many samples contain anomalous
amounts of copper, lead, zinc, and silver (area 7). In the
southern part of this area, many samples have anoma-
lous amounts of barium, and a small tonnage of barite
has been produced from the nearby Solid Muldoon
mine. The northwestern part of the area contains
slightly anomalous amounts of molybdenum. The most
favorable part of this anomalous area is along the ridge
common to Argosy, Muldoon, and Left Fork Iron Bog
Creeks and Muldoon Canyon, where several rock
samples contain anomalous amounts of arsenic and,
locally, anomalous amounts of gold. The southeastern
part of area 7 includes two occurrences of Tertiary in-
trusive rock, which aeromagnetic data indicate to be
parts of a much larger northwesterly-trending body.

The second area of probable potential is an east-
trending area about 10 mi long and 3-4 mi wide that
contains anomalous amounts of copper, lead, molyb-
denum, silver, and zinc (areas 1A, 1B, 1C). The central









IDAHO WILDERNESS, IDAHO

By FRED W. CATER, U.S. GEOLOGICAL SURVEY, and

R. D. WELDIN, U.S. BUREAU OF MINES

SUMMARY

Mineral surveys conducted between 1966 and 1972 in the Idaho Wilderness
identified 28 areas with probable or substantiated mineral-resource potential,
and 5 mines with demonstrated or inferred resources. Metals valued at about
$1,671,500, including gold, silver, copper, lead, zinc, and tungsten, have been ex-
tracted from deposits inside the wilderness. Current studies indicate additional
areas of probable mineral-resource potential for gold, tungsten, mercury, rare-
earth elements, and base metals related to intrusive rocks that follow structures
formed by cauldron subsidence. These on-going studies also indicate that there
is probable and substantiated resource potential for cobalt with copper, silver,
and gold in the Precambrian rocks in the northeastern part of the wilderness in a
geologic environment similar to that of the Blackbird mine that lies outside the
area. The nature of the geologic terrane precludes the potential for organic fuels.

CHARACTER AND SETTING

The Idaho Wilderness occupies about 2200 sq mi in
the rugged mountainous area of central Idaho. The wil-
derness is cut by spectacular canyons, including those
of the Middle Fork and main Salmon Rivers, that in
places are more than 6000 ft deep. The wilderness is
remote from paved roads; the east side is about 60 mi by
rough USFS road from U.S. Highway 93 between
Salmon and Challis; the west side is 40-70 mi by USFS
road from McCall and Cascade, which are on Idaho
State Highway 55. A graded road down the north side
of the Salmon River from North Fork parallels the north
border to a point a few miles below the mouth of the
Middle Fork Salmon River, but it is not feasible to cross
the Salmon River except by boat or by the footbridge at
the mouth of the Middle Fork.

Most of the Idaho Wilderness was an established
Primitive Area when the Wilderness Act was passed in
1964. As provided by that Act, a mineral survey was
made in 1966, 1967, and 1968; the Clear Creek-Upper
Big Deer Creek addition was examined in 1972. The
mineral survey included geologic mapping and samp-
ling and analysis of altered rocks and stream sediments.
An aeromagnetic survey was also made. All known
mines and prospects were mapped and sampled in
detail.

The wilderness is underlain by Precambrian gneiss

and schist, Cretaceous granitic rocks of the Idaho
batholith, Eocene granitic rocks, and Tertiary volcanic
rocks (Challis Volcanics). The volcanic rocks occupy
most of the central part of the wilderness. The rocks are
cut by numerous faults, most of which trend either
northeast or northwest. Most conspicuous is the large
northeast-trending strike-slip Bargamin Creek fault
that cuts the northwestern part of the wilderness.

MINERAL RESOURCES

The Idaho Wilderness contains about 5400 mining
claims and would seem to be a likely region for mineral
deposits. The wilderness is in a region that has yielded
millions of dollars of metals and has a large potential for
future yield. The wilderness itself has yielded about
$1,671,500 worth of metals. Favorable geologic struc-
tures and rock types occur throughout the wilderness.
An evaluation of the ore deposits related to volcanic
systems then, hinges in large measure in determining
the former presence of ore-bearing solutions. The former
presence or passage of ore-bearing solutions in a rock
mass is indicated by such features as altered rock,
leached rocks that may have formerly contained ore
minerals, and geochemical halos.

Most productive of the mining areas is the Thunder
Mountain area (1 on map) in the Thunder Mountain
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cauldron, which was one of the main sources of the
Challis Volcanics and has a substantiated precious-
metal resource potential. Most of the gold came from
two mines, the Dewey and the Sunnyside. The Dewey
mine is in a black volcanic breccia that averaged 0.11 oz
gold/ton and 0.25 oz silver/ton. The black breccia prob-
ably was the source of the gold-rich charred logs and
wood fragments found during the boom days of the
district. The Sunnyside deposit is in argillized and
silicified rhyolite. No gold is visible in recently sampled
ore from the district, but in a sample donated to the
U.S. National Museum in 1902, probably from the
Dewey mine, particles of gold are readily visible. No
veins occur in the Thunder Mountain district, and no
significant gold strikes were reported as a result of com-
pany prospecting in 1968 in areas underlain by altered
rocks. The Monumental Creek area (9) is adjacent to
area 1, yielded a few ounces of gold many years ago, and
is an area of probable gold resource potential.

The Snowshoe area (2) of substantiated mineral-
resource potential has yielded $270,063 worth of gold,
silver, copper, and lead ore, mostly from veins at the
Snowshoe mine. Veins in the Copper Camp area (3) are
composed mostly of quartz and magnetite containing
small quantities of copper minerals. Although the veins
are low grade and discontinuous, the area has a prob-
able resource potential for copper, lead, zinc, silver, and
gold.

The Greyhound Ridge area (4) has a recorded produc-
tion of nearly $325,000 of precious- and base-metal ore,
mostly from the Mountain King mine, but deposits just
south of the mine outside the wilderness have yielded
about $1,000,000 worth of ore. Demonstrated resources
of about 100,000 tons of rock containing small quan-
tities of valuable minerals are estimated to be present in
this area of substantiated mineral-resource potential.

The Springfield and Cougar areas (5 and 6, respective-
ly) have substantiated mineral-resource potential and
have yielded $465,226 worth of metal; more than half of
this total was tungsten ore taken in the early 1960’s
from the Springfield Scheelite mine. The ore deposit at
the Springfield Scheelite mine consists of an irregular
body at the contact of the Idaho batholith and country
rock. Available demonstrated resources are estimated
to contain several times as much tungsten as already
produced, but the grade is much lower. Gold, silver, cop-
per, and lead were produced from the Lucky Lad and
Cougar mines (6) between 1935 and 1941. Inferred
resources around the Lucky Lad and Cougar mines are
estimated to total about 100,000 tons of low-grade rock.

The Golden Hand area (7) yielded a recorded produc-
tion of gold and silver from lode deposits of about
$44,000 all from the Golden Hand mine. Placer gold
recovered from the district is between $70,000 and
$100,000. Remaining demonstrated resources include
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lode deposits of about 200,000 tons of low-grade
material and about 17,000,000 cu yds of gravel contain-
ing 0.002 oz gold/cu yd in an area of substantiated
mineral-resource potential.

The Middle Fork area (8) has yielded a small but
unknown amount of gold from both lode and placer de-
posits. Lode deposits are scattered and consist mostly
of thin, discontinuous quartz veins with a little gold and
other metals. Only traces of gold occur in the gravel
deposits along the Middle Fork Salmon River and the
area has a probable gold resource potential.

The Wiles area produced about $1000 worth of opal
(10). The opal deposit continues to produce small
amounts of material. Placer deposits have a very low
average gold content. Demonstrated resources of
200,000 to 300,000 tons of material containing 0.6 per-
cent copper occur in the Copper Mountain area of sub-
stantiated copper resource potential (11). A small
amount of placer gold was produced from the South
Fork area of probable gold resource potential (12). All,
however, contain known vein deposits that have been
prospected for precious and base metals.

Since the publication of the results of the study con-
ducted between 1966 and 1972, further geologic and
geochemical studies conducted in parts of the Idaho
Wilderness have identified additional areas of probable
or substantiated mineral potential. Although these
studies are as yet unpublished, preliminary results are
briefly summarized here and incorporated into the map.

Of particular importance, two major cauldron com-
plexes have been discovered; the older, the Van Horn
Peak has margins largely invaded by intrusive rocks in
the wilderness, the younger, the Thunder Mountain, is
mostly within the wilderness. Areas of probable
mineral-resource potential probably related to cauldron
margin structures and late intrusive activity include:
the Monumental Summit area (13), with rare-earth
elements, mercury, gold(?), silver(?); Big Chief Creek (14)
with gold, molybdenum, antimony, tungsten(?); Vir-
ginia Beth (15) with molybdenum; Pungo Creek (16)
with fluorine; RDG (17) with molybdenum; Shell Rock
Peak (18) with gold, fluorine, copper, lead, silver; Wood
Tick Summit (19) with gold, silver, copper; Aparejo
Creek (20) with fluorine, molybdenum; Paint Creek
Divide (21) with molybdenum; Werdenhoff (22) with
silver; Yellow Jacket (23) with copper, lead, zinc, gold,
silver; Falconberry Ranch (24) with gold, silver, copper;
Thomas Creek (25) with gold, silver, copper, lead.

Resource potential has also been found in Precam-
brian rocks in the northern and northeastern parts of
the wilderness. Particularly important are areas of prob-
able and substantiated mineral-resource potential in
Upper Big Deer Creek (26) where high-grade metamor-
phic rocks of the metasedimentary Yellowjacket Forma-
tion host cobalt-copper mineralization related to the









ITALIAN PEAK AND ITALIAN PEAK MIDDLE ROADLESS AREAS,

IDAHO AND MONTANA

By BETTY SKIPP, U.S. GEOLOGICAL SURVEY, and

ROBERT H. LAMBETH, U.S. BUREAU OF MINES

SUMMARY

The Italian Peak and Italian Peak Middle Roadless Areas, in southwestern
Montana and east-central Idaho, contain areas of probable mineral-resource
potential based on combined geologic, geophysical, and geochemical studies and
prospect examination conducted during 1980-82. Small areas along the
western, southern, and northeastern boundaries of the roadless areas have prob-
able mineral resource potential for zinc, lead, silver, and uranium. An area of
probable resource potential just east of and including a part of the Birch Creek
mining district, may contain stratabound and fault-controlled silver and base
metals, even though geochemical anomalies are low, and extensive prospecting
has not identified any significant mineralization. The roadless areas are a part of
the overthrust belt, and oil and gas possibilities must be assessed, as rock units
in the underlying thrust plates have characteristics favorable for gas accumula-
tion. No hydrocarbons have yet been produced from these rocks in southwestern
Montana, however, and there is little likelihood of the occurrence of hydrocar-
bons in these areas. There is little promise for the occurrence of other energy

resources because of the nature of the geologic terrane.

CHARACTER AND SETTING

The Italian Peak and Italian Peak Middle Roadless
Areas, referred to collectively as the study area, are con-
tiguous and are located along the Continental Divide,
which is also the Idaho-Montana State boundary. The
study area consists of about 90 sq mi in the southern
Beaverhead Mountains, 30 percent in Beaverhead
County, southwesternmost Montana, and the re-
mainder in Clark and Lemhi Counties, east-central
Idaho, and is located about 17 mi southwest of Lima,
Montana, and 25 mi northwest of Dubois, Idaho.
Dubois is 50 mi north of Idaho Falls on Interstate 15.
Scott Peak (11,393 ft), the highest point in the study
area, and Heart Mountain (10,422 ft) can be seen from
Idaho State Highway 22 looking north on a clear day.
Eighteenmile Peak (11,141 ft) in the northwestern cor-
ner of the study area is visible on the east side of Idaho
State Highway 28 in Birch Creek Valley. Other peaks,
including Italian Peak (10,998 ft), along the Continental
Divide are not visible from major roads. Fritz Peak
(9,738 ft) can be seen on the west side of an improved
dirt road in Medicine Lodge Valley. Maximum relief in

the study area is about 4600 ft. Timberline is at about
9600 ft, and average annual rainfall ranges from 16 in.
in the lower valleys to 32 in. near the Continental
Divide.

The study area is an extension of the Idaho-Wyoming
thrust belt north of the Snake River Plain, and consists
of Precambrian (Proterozoic) and Paleozoic rocks that
have been faulted and folded and moved from west to
east (thrust) at least several miles. Thrusting is thought
to have taken place about 70-65 million years ago. Two
major thrust plates, the Hawley Creek and the Fritz
Creek make up most of the study area (Skipp and
others, 1983). Rocks of the Hawley Creek thrust plate,
the upper plate, consist of relatively thick Proterozoic
shallow-water marine sandstone, relatively thick Or-
dovician marine sandstone and quartzite, Ordovician
granite and syenite, Devonian marine carbonate rocks,
siltstone and shale, and relatively thin Mississippian
marine limestone, siltstone and shale. Rocks of the Fritz
Creek thrust plate, the lower plate, differ from those of
the Hawley Creek plate in that Ordovician sandstone
and quartzite are thin or missing; only small outcrops of
Ordovician granite and syenite are present; and the
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Mississippian and younger Paleozoic carbonate rocks
are very thick, about 5500 ft, and make up most of the
outcrops of the Fritz Creek thrust plate in the study
area.

Rocks of the study area, which overlie the thrust
plates include young (about 47 million years and
younger) volcanic rocks, fresh-water limestone or
travertine, and thick sections of gravel, sand, and silt.
Most of the old gravel and sand originated as alluvial-
fan deposits. The thrust plates and the post-thrust
deposits have been broken by younger normal faults
along which parts of the mountain range have been
raised and slightly tilted eastward or northeastward, as
along the west side bordering Birch Creek Valley, and in
the central and southwestern parts of the study area.
Movement along these faults appears to have been
episodic. Along the western margin of the Beaverhead
Mountains, west of the study area, irregular masses of
Mississippian limestone from the Fritz Creek plate slid
westward from old eastern topographic highs to rest on
parts of the Hawley Creek thrust sheet.

All of the rocks and deposits described above have
been eroded by small Pleistocene alpine glaciers, melt-
waters, and steep gradient, fast-moving streams that
sculptured the deep valleys and canyons, now either dry
or occupied by small perennial or intermittent streams.

MINERAL RESOURCES

The Nicholia or Birch Creek mining district adjacent
to the study area on the west was a significant lead-
silver producing district for about 10 years (1881-90);
$2.5 to $5 million in lead, silver, and zinc was recovered
from the Viola mine and a few adjacent properties. Pro-
duction was primarily from long, relatively thin, sandy
lead carbonate ore bodies located in the Hawley Creek
thrust plate in dolomite or magnesian limestone of the
Devonian Jefferson Formation. Recent investigations
by the USBM (Lambeth and Mayerle, 1983) suggest
that the ore probably was stratabound and of basin-
margin carbonate-hosted origins, rather than of
hydrothermal origins as suggested by earlier workers
who envisioned magmatic hydrothermal mineralizing
fluids migrating up the normal faults that bound the
range on the west, from an igneous source below. The ig-
neous rock early workers thought might have been the
source of metals is the Beaverhead Mountains pluton
that 20 years ago was dated radiometrically as early
Paleozoic, more than 100 million years older than the
mineral deposits. Geochemical studies of the study area
(Antweiler and others, 1983), show that outcrops of
Devonian Jefferson Formation are mineralized in base
metals throughout the study area, to one degree or
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another, and thus support the concept that mineraliza-
tion within this formation may be stratabound.
Although most observed geochemical anomalies are
weak, a probable resource potential for stratabound
deposits of lead, silver, and zinc in areas of the Devonian
Jefferson Formation in the central part of the study
area (A, on map) is assigned here.

Some prospecting in the study area along the western
margin has been done along young normal faults. These
structures, weakly mineralized in silver, copper, and
base metals, have had no production, however, and no
evidence was found indicating that resources might
occur.

A small area (D) regarded as having probable mineral
resource potential for uranium-vanadium, and silver
and base metals is a northern extension of the Heart
Mountain mineralized area which lies mainly south of
the study area. This mineralized area has been pros-
pected and drilled since the early 1950’s, but no produc-
tion has resulted. The low-grade occurrences, including
silver and base metals in addition to uranium and
vanadium, are in brecciated and (or) sheared zones in
black shales and siltstones of the Devonian Sappington
Member of the Three Forks Formation and the Missis-
sippian McGowan Creek Formation.

Another area (B and C) classed as having probable
mineral-resource potential is an untested segment of the
northeast part of the study area near the headwaters of
Divide Creek where secondary dolomite is present lo-
cally in limestone of the Mississippian Scott Peak For-
mation, and a single analyzed sample of weakly mineral-
ized ferrodolomite indicates the possible presence of
stratabound silver-lead-zinc.

Granites and syenites of the Ordovician Beaverhead
Mountains pluton have been prospected for uranium,
silver, and base metals. Gravity and aeromagnetic (U.S.
Geological Survey, 1981) surveys suggest that rocks of
the pluton underlie much of the northwest part of the
area at shallow depths (Skipp and others, 1983), but
geochemical anomalies are weak, and there is little
likelihood of the occurrence of resources.

The eastern part of the study area probably is under-
lain at several thousand feet by rocks of the Medicine
Lodge and underlying thrust plates; these may contain
reservoirs suitable for gas accumulation; no hydro-
carbons have been produced to date (1982), however,
from these rocks where they have been tested in south-
westernmost Montana. Limestones at the surface on
the Fritz Creek and Cabin thrust plates have been
heated to temperatures of more than 190° C and any
petroleum in these rocks would have been driven off;
dry gas is the only possible shallow hydrocarbon
resource. The fact that dense limestones are at the sur-
face throughout the area makes present seismic explora-









SALMON RIVER BREAKS PRIMITIVE AREA AND VICINITY, IDAHO

By THOR H. KIILSGAARD, U.S. GEOLOGICAL SURVEY, and

ERNEST T. TUCHEK, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Salmon River Breaks Primitive Area and vicinity by
the USGS and USBM in 1968-1970 confirmed a substantiated gold resource
potential in placer deposits along the Salmon River but determined that large-
scale mining of the deposits probably would not be feasible. Except for
demonstrated fluorspar resources at the Big Squaw Creek deposit, no other
mineral resources were found in the area. The geologic environment,
geochemical findings, and geophysical data all suggest little likelihood for the
occurrence of additional mineral resources in the area. No energy resources were

identified in this study.

CHARACTER AND SETTING

The Salmon River Breaks Primitive Area and vicinity
consists of 420 sq mi of rugged mountainous terrane
that forms the north side of the precipitous Salmon
River canyon in central Idaho. Creeks draining into the
river from the north have incised steep-gradient can-
yons. Topographic relief, from river level to ridge crests
within 3 mi of the river, often exceed 6000 ft. The area
can be reached by unimproved roads from the south-
east, north and southwest but principal access is by way
of float trips down the Salmon River, the “River of No
Return,” which forms the southern boundary of the
area. Business in the area consists predominantly of
tourist float trips during the summer season; however, a
few permanent residents live on small alluvial terraces
along the river.

The mineral survey of the primitive area and an addi-
tional area along Horse Creek, contiguous to the prim-
itive area, was made in 1968-1970 and the results pub-
lished in 1972 (Weis and others, 1972). Scattered gold
placers along the river and one small fluorspar deposit
comprise the mineral resources identified in the area. On
July 23, 1980, the area studied was incorporated into
the National Wilderness Preservation System as part of
the River of No Return Wilderness.

The area studied is underlain by older metamor-
phosed rocks of Precambrian age, which have been in-
truded by younger (Cretaceous) granitic rocks of the
Idaho batholith. The youngest rocks are a variety of

igneous dikes that range from dacite to rhyolite in com-
position, and which intrude the older rocks. A northerly
trending fault passes along part of Bargamin Creek
canyon, extending southwest into the Salmon River
canyon.

MINERAL RESOURCES

Since the discovery of gold along the Salmon River in
the 1860’s all of the Salmon River valley in the primi-
tive area and vicinity has been held by placer location at
one time or another. More than 200 mining claims have
been located in the area, nearly all of them within 1 mi of
the river.

The largest and most explored prospect in the area is
the Big Squaw Creek fluorspar deposit, also known as
the Smothers property. Large quartz veins with associ-
ated fluorspar were discovered in 1860, investigated
during World War 11, and explored by diamond drilling
and trenching in 1957. The latter work was done under a
Defense Mineral Exploration Administration (DMEA)
contract. Exploratory work at the deposit shows that it
contains demonstrated resources of about 100,000 tons
of material that averages 70 percent CaF,.

The Painter mine in the southwest corner of the area
consists of a concentrating mill and a few prospect
workings; the more intensive mine workings are east of
the river outside the primitive area.. The mill operated
only a few months before being closed by restrictions
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brought on by World War II. Neither the mine nor the
mill have operated since then and the small discon-
tinuous amounts of mineralized material seen in the
deposit are not indicative of significant resources.

Other prospects examined consist of small pits dug to
test quartz veins, dikes, and pegmatites, none of which
are indicative of mineral resources.

Many alluvial terraces and low-lying gravel bars
along the Salmon River contain gold and have been
worked as placers. Poor accessibility has limited
development of the placers, consequently most of the
work has been done by hand methods. The last period of
active mining was during the 1930’s and those opera-
tions were small, employing as many as 4 men per in-
dividual operation. Gold was priced at $35/0z and the
placer operators tried to maintain ore grade of mined
material at an average gold value of $3 to $6/cu yd, but
at times they mined material valued at only a few cents
per cubic yard. About one-third of the placer deposits
had been withdrawn from mineral entry by the USFS at
the time of the mineral survey.

Gold was found to be concentrated in the placers, the
values varying from zero to $2.70/cu yd of placer
material, as determined at a gold price of $42.19/oz.
Richer concentrations of gold are in river bar deposits,
known locally as skim-bar deposits, but these com-
monly are small in size, some containing only a few
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cubic yards of material. Skim-bar gravels along the
north bank of the river, over the 52 mi stretch of the

- river that was studied, are estimated to total 25,000 to

50,000 cu yds and the area along the north bank is con-
sidered to have substantiated resource potential for
gold.

The mineral survey confirmed the occurrence of meas-
urable quantities of gold in placers along the Salmon
River, but indications are that large-scale placer mining
in the area probably is not feasible. Except for the Big
Squaw Creek fluorspar deposit, no other indications of
significant mineral resources were uncovered by map-
ping and sampling efforts of the mineral survey.

SUGGESTIONS FOR FURTHER STUDY

Further studies of the mineral-resource potential of
the Salmon River Breaks part of the present River of No
Return Wilderness are not recommended.
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veins, replacement bodies, and disseminations in meta-
sedimentary host rocks.

The largest and best known mineral resources in the
area are molybdenite deposits at the head of Little
Boulder Creek, which contain resources of national
importance. Mineral exploration has outlined two min-
eralized zones that contain demonstrated molybdenum
resources. Samples taken from the north zone during
the mineral survey ranged from 0.01 to 0.33 percent
MoS, and gave a weighted average of 0.16 percent
MoS,. Demonstrated and inferred resources of 100
million tons have been calculated for the north zone.
Samples from the south zone yielded a weighted aver-
age of 0.12 percent MoS, and demonstrated and inferred
resources in the zone are estimated at 35 million tons.
Sediment samples anomalous in molybdenum were ob-
tained from many streams that drain the area of in-
trusive rocks immediately west of the Little Boulder
Creek deposits, from streams in the Slate Creek district,
and from streams in the vicinity of West Pass Creek.
Further search might reveal additional molybdenite
deposits in these areas.

The Livingston mine has produced more metals than
any mine in the recreation area. The ore contained gold,
silver, copper, lead, and zinc in veins and replacement
bodies in metasedimentary rocks and intrusive dikes.
Jamesonite, a lead-antimony sulfide, was the principal
mineral mined but antimony apparently was not recov-
ered from the ore. Demonstrated resources at the mine
are estimated at 50,000 tons of material that averages
0.005 oz gold/ton, 4 oz silver/ton, 4 percent lead, and 5
percent zinc.

Several mines in the vicinity of Slate Creek have pro-
duced silver, lead, and zinc, all from deposits in
metasedimentary rocks. The Hoodoo mine is the largest
known deposit. Demonstrated resources at the mine
total 870,000 tons. Weighted samples from the deposit
average 11 percent zinc, 0.47 percent lead, and 0.35 oz
silver/ton; zinc concentrates from the ore contained
about 0.46 percent cadmium. Past production and
selected samples from Silver Rule mine dumps suggest
resources may be present in the inaccessible workings.
Inferred resources of the nearby Carbonate mine
amount to 20,000 tons, the average grade of which is
1.6 oz silver/ton, 2.7 percent lead, and 1.4 percent zinc.
Inferred resources of 20,000 tons of vein material at the
nearby Tango mine average 5.6 oz silver/ton, 3.3 percent
lead, and 0.8 percent zinc. Stream-sediment and rock
samples containing anomalous concentrations of zinc
and tin were obtained in the Slate Creek area.

Four mineral deposits in metasedimentary rocks in
the headwaters area of Fourth of July Creek, have
demonstrated resources and are surrounded by areas of
substantiated mineral-resource potential. Two major
zones of mineralization have been explored at the Deer

Trail mine. Of these the western zone is estimated to
contain 270,000 tons of demonstrated resources that
average 3.66 percent zinc, 0.17 percent lead, and 0.26 oz
silver/ton, whereas the eastern zone contains 200,000
tons averaging 3.84 percent zinc, 1.62 percent lead, and
0.6 oz silver/iton. Lenses in the zones contain higher
grade ore. Demonstrated resources at the Rupert mine
are estimated to be 18,000 tons, averaging 1.05 oz
silver/ton, 3.13 percent lead, and 1.30 percent zinc. Two
veins at the Meadow View mine, contain 51,000 tons of
demonstrated resources that average 0.20 oz silver/ton,
3.92 percent zinc, and 0.15 percent WO,. Demonstrated
resources at the Timberline prospect are estimated at
27,000 tons, averaging 9.3 oz silver/ton, 1.96 percent
lead, 2.28 percent zinc, and 0.48 percent tin. One sample
from the Timberline prospect contained 6 percent tin.
An area of additional prospects, including the Con-
fidence and Silver Dollar, has a substantiated mineral-
resource potential.

More than 45 mines and prospects are known in the
Germania area. Notable quantities of silver, lead, and
gold have been produced from several of the deposits.
Some of these and other deposits are known to contain
tungsten, bismuth, antimony, and tellurium. The Ger-
mania area of substantiated mineral-resource potential
is estimated to contain demonstrated mineral resources
of 25,000-100,000 tons, the grade of which is 0.2 to
0.11 oz gold/ton, 5.8 to 12.6 oz silver/ton, and 3.38 to
4.27 percent lead. Several million tons of lower grade
material are present. There is also substantiated poten-
tial for the occurrence of additional mineral resources,
particularly in Washington basin.

The Galena area, which extends along the crest of the
Boulder Mountains, contains mines in metasedimen-
tary rocks that have produced notable amounts of
silver, lead, and zinc. Areas of probable and substan-
tiated mineral-resource potential for these and other
metals are present. Four deposits at the Red Cloud,
Chief, Highland Chief, and Lucky mines contain demon-
strated resources that total 19,000 to 27,000 tons aver-
aging 4 oz silver/ton and 5 percent lead. The Highland
Chief mine contains an additional 180,000 tons of lower
grade material. Samples from these and other deposits
in the Galena area also have contained tin, with some
containing as much as 2.25 percent.

Mines in the Boulder basin have yielded substantial
amounts of gold, silver, lead, and zinc. Demonstrated
resources of 4000 tons, averaging 0.05 oz gold/ton,
21.7 oz silver/ton, 8.7 percent lead, and 1.5 percent zinc
are estimated for the mines, as well as several thousand
additional tons of resources of silver- and lead-bearing
material. Past production, known resources, and favor-
able geologic setting makes the area one of substan-
tiated resource potential. Quartz-fluorite veins and gold-
bearing quartz veins crop out in granite in an area of
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substantiated resource potential in the Casino Creeks
vicinity. Demonstrated resources of fluorite-bearing
rock are estimated to be at least 200,000 tons. Tactite
deposits near the head of West Pass Creek contain
disseminated galena and sphalerite. Inferred resources
are estimated at 10,000 tons that contain as much as
1.43 oz silver/ton, 5.86 percent lead, and 5.48 percent
zinc. Other areas of interest include Elk Mountain,
southeast of Elk Creek, where an area of probable po-
tential for flake graphite in metasedimentary rock is
present.

Gold has been mined from mineralized shear zones in
a broad zone of altered granitic rock that is several hun-
dred feet wide and thousands of feet long, in the north-
western part of the recreation area. Two mines, the
Valley Creek and the Buckskin have been worked, the
Valley Creek mine being the more productive. Com-
bined demonstrated resources of the two mines total
376,000 tons, averaging 0.15 oz gold/ton, 2.31 oz
silver/ton, and 2 percent lead.

Forty-five placer deposits were identified in the
mineral survey, of which demonstrated resources of two
of the larger ones, Valley Creek and Stanley Creek, ag-
gregate 10 million cu yd at an average gold content of
0.003 oz/cu yd, and 5.9 million cu yd at an average gold
content of 0.0017 oz/cu yd, respectively.
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SUGGESTIONS FOR FURTHER STUDIES

The recreation area warrants extensive additional
studies. The metasedimentary rocks need to be mapped
in detail and at large scales in order to gain information
on the complicated stratigraphy and geologic structure.
Stream-sediment anomalies should be studied and at-
tempts made to locate their sources. Geology and metal-
lurgy of tin-bearing deposits should be investigated.
Tertiary intrusive rocks should be differentiated and
their association to mineral deposits ascertained. Cost
analysis of placer mining and measures needed to pro-
tect the environment should be determined. The mineral
potential of favorable targets should be explored.
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mining districts adjoin or extend into the wilderness.
Three of these districts, Atlanta, Vienna, and Sawtooth
have produced notable amounts of gold and silver. Ten
other mining districts within 20 mi of the wilderness
have produced gold, silver, and other metals.

MINERAL RESOURCES

Mineralized quartz veins, iron-stained altered country
rock and nearby productive mines in similar geologic
environs have long made the Sawtooth Wilderness and
contiguous areas an attractive region for prospecting.
The mineral survey noted the existence of nearly 700
mining claims in the area studied. Extensive localities
of altered granitic rocks trend northeasterly across the
wilderness, and the mineralized character of some of
these was confirmed by analysis of samples of the rock.
Many stream sediments derived from erosion of up-
stream rocks contained anomalous quantities of metals
and dispersement of the sample sites indicates a wider
spread distribution of mineralized outcrops than was
found by the mineral survey. Of the many mineralized
occurrences prospected in the wilderness, only one, the
Little Queens mine, is known to have been productive; it
produced gold valued at about $10,000.

Stream-sediment samples that were collected over
widespread areas in the Sawtooth Wilderness contained
anomalous quantities of molybdenum, particularly
those from streams draining terrane underlain by the
Sawtooth batholith (Kiilsgaard and others, 1970, fig. 8).
The best known molybdenum prospects are near the
mouth of Rock Creek, where molybdenite coats frac-
tures and is disseminated in the fractured rock. Two
prospect areas, the Lucky and the Crooked Tree groups
of claims, are more than 0.5 mi apart and molybdenite
may be traced for several hundred feet on each group.
Rock samples from the two sites contained as much as
0.7 percent molybdenum and 3.2 oz of silver per ton.
Stream-sediment samples taken below the prospects
were anomalous in molybdenum.

Large areas of altered granite of the Sawtooth
batholith crop out in the vicinity of Mt. Cramer and
sediment samples from streams draining these areas
were anomalous in molybdenum, beryllium, silver, lead,
and zinc. Samples of the altered rock showed enrich-
ment in silver, molybdenum, tin, lead, zinc, bismuth,
and tungsten. None of the samples were of ore grade but
they contained quantities of metal significant enough to
warrant further investigation. Molybdenum was ob-
tained from samples of quartz taken southeast of Mt.
Regan and from a sediment sample in that area. A sam-
ple of hillside float, taken along North Fork of Baron
Creek, west of the above-mentioned quartz sample site,

yielded 0.2 percent molybdenum and indicates more
widespread mineralization than can be explained by the
Mt. Regan occurrence alone. More significantly, sedi-
ment samples taken along more than 2 mi of the upper
reaches of Iron Creek, northeast of Mt. Regan and on
the opposite side of the Sawtooth Mountains, are
anomalous in molybdenum. One of these samples con-
tained 50 ppm molybdenum. The analyses were received
after completion of field work thus there was no oppor-
tunity to search for the source of the molybdenum, but
the unusually enriched sediment samples indicate far
more extensive molybdenum deposits in the area than
are now known. Quartz veins in the vicinity of Johnson
Creek and the La Moyne Creek-Leggit Creek area also
contain molybdenum but those occurrences are believed
of minor significance.

A placer deposit that contains several hundred
million cubic yards of demonstrated resources of rare-
earth elements lies along the South Fork Payette River
in an area of substantiated potential, extending from
beyond the wilderness boundary to about 4.5 mi into the
wilderness. Niobium, tantalum, and uranium have been
the principal elements searched for in the deposit. Ex-
ploration through 1968 consisted of 17 churn drill holes
ranging from 40 to 177 ft deep and several bulldozer
trenches. All but one of the holes were drilled within the
present wilderness. Analytical results on holes 1
through 12, which span about a 4.2 mi length of the
placer, show the placer to average 11.16 lbs of black
sand and 4.02 lbs of heavy but nonmagnetic material
per cubic yard. The nonmagnetic fraction was analyzed
for niobium, tantalum, and uranium and contained aver-
age values for Nb,O;, Ta,0; and U,O; of 0.320, 0.0015
and 0.0004 Ib/cu yd, respectively. Significant quantities
of the rare earths yttrium, cerium, and lanthanum have
been identified by spectrographic analysis of the placer
concentrate. At 1968 prices, value of the several hun-
dred million cubic yards of demonstrated placer
resources, based on niobium alone, ranged from about
4¢/cu yd at the north end of the deposit to 19¢/cu yd at
the south end in the wilderness. About half the niobium
was nonrecoverable by technology of 1968, but total
contained niobium and rare earths of the placer had a
calculated value of more and 40¢/cu yd at 1968 prices.

Quartz veins that contain gold and silver occur at
several localities in the wilderness and several of these
have been explored to a limited extent. The most exten-
sively worked deposit is the Little Queens gold mine,
which is just inside the southwestern border of the
wilderness and contains demonstrated resources. The
deposit is developed by several hundred feet of mine
workings on several different levels plus several hun-
dred feet of bulldozer trenches. Mining in 1966 was from
a quartz vein in a stope off a winze beneath the lowest
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adit level. A panned sample of crushed quartz from the
vein being mined yielded fragments of gold as much as
1/8 in. in diameter and a chip sample across an 8-in.
thickness of vein contained 1 oz of gold/ton and 4.4 oz
silver/ton. The area around the Little Queens mine has a
probable gold and silver potential. Several quartz veins
crop out on the Basin mining claims in the Leggit Creek
area. The veins range from a few inches to more than 17
ft in thickness and some may be traced for several hun-
dred feet on the surface. Exploration of the veins consist
of a short adit only 15 ft long and few prospect pits. The
veins are estimated to contain demonstrated resources
of 10,000 tons of material that ranges from 2.6 to 24.6
oz of silver/ton and 0.4 to 0.9 percent lead, and addi-
tional demonstrated resources of 100,000 tons of mate-
rial that contains about 2 oz of silver/ton. Quartz veins
that contain low grade amounts of gold and silver crop
out at the Pilot Knob prospect at the head of La Moyne
Creek. The Leggit-LaMoyne Creek area has a substan-
tiated resource potential for gold and silver. Several
large quartz veins crop out on the divide at the head of
Mattingly Creek. One of these veins on the This Is It
claim is 4 to 6 ft thick and may be traced more than
1000 ft on the surface. A 16-in. sample across part of
the vein contained 43.8 oz of silver/ton, 3 percent lead,
0.3 percent zinc, and 0.3 percent bismuth. Several hun-
dred feet to the southeast, on what may be a continua-
tion of the This Is It vein, a dump sample at a prospect
pit contained 58.4 oz of silver/ton, 3 percent lead, 0.7
percent zinc, and 0.5 percent bismuth. Other quartz
veins crop out in the Johnson Creek area and some of
these have been explored for gold and silver by small
prospect pits and limited underground workings.

An unexpected discovery from the stream-sediment
sampling program was the content of uranium in many
stream sediments, particularly from streams draining
areas underlain by pink granite of the Sawtooth batho-
lith. Values of more than 0.2 percent uranium were ob-
tained from the samples but the volume of alluvial
material at the higher-grade sample sites is too small to
constitute a viable resource. Radiometric testing of the
pink granite country rock shows those rocks to contain
more uranium than normal granite. Two samples of the
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granite show it to contain about 8 parts per million
uranium, an amount adequate to account for uranium in
the stream sediments. Although it is not considered as
having energy resource potential, the radioactive
Sawtooth batholith is of scientific interest and likely
will be the topic of further investigation.

Beryllium in the form of blue beryl (aquamarine) is
widespread throughout rocks of the Sawtooth batholith
particularly in the vicinity of Glens Peak. Beryl is found
in discrete crystals in the host rock, in narrow veinlets,
pods, and as fine-grain spherical concentrations, but no
mineral-resource potential was identified.

SUGGESTIONS FOR FURTHER STUDY

Large areas of the Sawtooth Wilderness warrant fur-
ther study and some areas warrant subsurface explora-
tion. Particular attention should be given to terrane
favorable for the occurrence of molybdenum. The entire
drainage of Iron Creek deserves detailed examination as
does the area in the vicinity of Rock Creek, and all
altered or mineralized rocks, particularly those near Mt.
Cramer and east of the headwaters of Redfish Creek.
Mineralized quartz veins in the vicinity of upper Mat-
tingly Creek, Leggit Creek-La Moyne Creek, Little
Queens River and along the Montezuma fault require
further surface study and possible subsurface explora-
tion before reliable estimates of their mineral-resource
potential can be made. Metallurgical studies on the
recovery of niobium and rare earths, cost analysis of
placer mining and of measures that would be needed to
protect or restore the ecologic environment would aid in
determining the net value of the Payette Placer.
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SELWAY-BITTERROOT WILDERNESS, IDAHO AND MONTANA

By MARGO I. TOTH,! U.S. GEOLOGICAL SURVEY, and

NICHOLAS T. ZILKA, U.S. BUREAU OF MINES

SUMMARY

Mineral-resource studies of the Selway-Bitterroot Wilderness in Idaho
County, Idaho, and Missoula and Ravalli Counties, Montana, were carried out
in 1976 and from 1978 to 1981. Four areas with probable and one small area of
substantiated mineral-resource potential were recognized. The areas of the
Running Creek, Painted Rocks, and Whistling Pig plutons of Tertiary age have
probable resource potential for molybdenum, although detailed geochemical
sampling and surface investigations failed to recognize mineralized systems at
the surface. Randomly distributed breccia zones along a fault in the vicinity of
the Cliff mine have a substantiated potential for small silver-copper-lead

resources.

CHARACTER AND SETTING

The Selway-Bitterroot Wilderness covers approx-
imately 1950 sq mi in east-central Idaho and western
Montana. The wilderness lies across the Bitterroot
Range, which forms the boundary between Idaho and
Montana, and includes large portions of the drainage
basins of the Selway, Lochsa, and Bitterroot Rivers.
Altitudes range from 1800 ft on the Selway River near
the western boundary to 10,157 ft at Trapper Peak in
Bitterroot Mountains. Cities within 50 mi of the wilder-
ness include Missoula, Hamilton, and Salmon on the
east, and Orofino and Grangeville on the west. Access
to the wilderness is limited to trails which are accessible
by dirt roads.

The Selway-Bitterroot Wilderness was established as
a primitive area in 1932 and was designated a wilder-
ness in 1964. A mineral survey was made of the wilder-
ness in 1976 and from 1978 to 1981 and the results of
the study were published (Toth and others, 1983; Coxe
and Toth, 1983).

The Magruder Corridor (165 sq mi), located to the
southwest of the wilderness, was added to the Selway-
Bitterroot Wilderness in 1980. The mineral-resource
potential of that area is not included in this report.

The wilderness encompasses most of the northern
part of the Idaho batholith, a large composite body of

'With contributions from Berton W. Coxe, USGS, and Mike M. Hamilton, USBM.

granitic rocks (Toth, 1983). It consists of rocks that
vary in age from Cretaceous (about 100 to 110 m.y.
(million years)) to Tertiary (about 40 to 50 m.y.) and
have compositions that vary widely but systematically
with age. Older metamorphic rocks (Precambrian) en-
circle the wilderness and occur as small isolated bodies
between the granite plutons. Widespread glaciation in
Pleistocene time carved the stream valleys into
U-shapes to the east and west of the crest of the Bitter-
root Mountains, in The Crags area, and in some of the
other higher altitudes in the wilderness.

A detailed geochemical survey was carried out in the
wilderness by sampling and analyzing stream sedi-
ments and rocks. All samples were analyzed for 30 ele-
ments and some selected stream sediments were also
analyzed for uranium and thorium (Coxe and others,
1982). Analyses of selected rocks for major-elements
were also performed (Koesterer and others, 1982). The
results of the geochemical survey indicate that with the
exception of the three Tertiary plutons and the small
area around the Cliff mine, the Selway-Bitterroot
Wilderness lacks concentrations of metals.

Aeromagnetic and gravity reconnaissance surveys
were carried out in the wilderness area but failed to
yield any evidence of mineralized systems (Kleinkopf
and Bankey, written commun., 1982). A mineral survey
of claims, prospects, and mines was done as part of this
investigation to determine the mineral-resource poten-
tial of the area (Zilka and Hamilton, 1982).
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MINERAL RESOURCES

Although major mining activity has occurred on the
periphery of the Selway-Bitterroot Wilderness, none is
known within it; ninety-three lode and five placer claims
have been located in the wilderness. Regional geochem-
ical, tectonic, and petrologic studies suggest that the
three Tertiary granitic plutons on the south and south-
west sides of the wilderness have characteristics
favorable for molybdenum resources. Their composition
is similar to that of other plutons genetically related
to molybdenite deposits. Chemical data from stream-
sediment samples taken from the areas of the plutons
indicate enrichment in molybdenum, and associated tin,
niobium, beryllium, yttrium, lead, and zinc. However,
molybdenum was detected in only two rock samples,
both from the Whistling Pig pluton, and detailed sur-
face mapping failed to locate alteration patterns charac-
teristic of molybdenite mineralization. Therefore, there
is little liklihood for near-surface molybdenum concen-
trations. Based on the favorable environment and geo-
chemistry, the areas of these plutons have a probable
molybdenum resource potential.

A deposit containing silver, lead, zinc, and copper was
identified at the Cliff mine near the northeastern corner
of the wilderness. These metals occur in randomly dis-
tributed breccia zones along a fault. Although the area
has substantiated potential, the occurrences are small in
size and erratically distributed.

There is no known geological evidence for oil, gas,
coal, geothermal resources, or other energy-related com-
modities within the wilderness.

SUGGESTIONS FOR FURTHER STUDIES
Further study of the wilderness probably would not
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locate any hidden or concealed mineral deposits, with
the exception of a drilling program in the Tertiary
plutons that could explore the possibility of molyb-
denite deposits at depth.
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medium- to coarse-grained, weak to strongly foliated,
porphyritic variety with large (commonly 5-15 cm),
gray or pink potassium-feldspar phenocrysts often
rimmed with plagioclase; the other is a nonporphyritic,
medium- to coarse-grained, strongly foliated phase.
These comagmatic granites are part of intrusions which
have been dated at 1370 million years (Evans and Zart-
man, 1981). Contacts with the host Yellowjacket rocks
are both intrusive and faulted; and a thrust fault places
a metaquartzite unit on the granite.

Fine- to coarse-grained, slightly feldspathic, white or
tan metaquartzite occurs as allochthonous plates which
have been moved over the Yellowjacket Formation and
Proterozoic granite along a thrust or low-angle normal
fault, as evidenced by brecciation and greatly disparate
attitudes of foliation and bedding across the contact.
The metaquarzite is correlated to the Middle Protero-
zoic Big Creek Formation. Bedding is generally mas-
sive, with sparse crossbedding and finely laminated,
biotitic layers. Analysis of the geologic map is sug-
gestive of thrusting, but post-thrust steeply dipping
faults, which make up all other Big Creek-Yellowjacket
contacts in the area, have probably modified the dip of
the basal fault surface.

Tan, medium-grained, nonfoliated to weakly foliated,
two-mica granite, possibly an outlier of the main phase
of the Idaho batholith, is exposed in Owl Creek several
miles north of the area. The two-mica granite intrudes
metagraywacke and schist near the mouth of Panther
Creek and is partly truncated by steep faults.

Scattered dikes and small stocks of pink, medium-
grained, biotite granite, porphyritic rhyolite, and por-
phyritic dacite occur in the area and are related to the
Tertiary Bighorn Crags pluton which crops out on Clear
Creek at the southwestern edge of the management
Zone.

Quaternary alluvial and colluvial deposits are found
in the Salmon River and Panther Creek canyons. Valley-
glacier moraine and outwash are found in Clear Creek.

Generally, northeast-southwest and east-west trend-
ing, steep faults control the exposure of the
allochthonous Proterozoic metaquartzite and the
Proterozoic granite. In the northwestern part of the
area, the higher-grade metasedimentary rocks may have
been uplifted along the steep faults; an original increase
in metamorphic gradient in that direction is likely.
Movement on some of the faults has probably been
recurrent, but a partial sequence of fault movements
can be established. Hughes (1983) suggests that some of
these faults may have been syndepositional with the
Yellowjacket Formation and may have controlled
sedimentation, volcanism, and ore deposition within the
Yellowjacket basin. The youngest evidence of faulting is
indicated by offset Cretaceous and Tertiary intrusive
rocks.

Although there is no history of mining activity in the
management zone, production records indicate mining
activity occurred in the adjacent Mineral Hill,
Mackinaw (Leesburg), and Blackbird districts. Nearly
all production from the Blackbird mining district is
from the vicinity of the Blackbird mine. Gold, silver,
copper, and lead were mined mainly from the late 1800’s
and prior to the 1940’s; cobalt was mined from the
Blackbird district mainly in the early 1900’s and in the
1950’s. Mining activity in the Mackinaw and Mineral
Hill mining districts is currently active.

As of 1982, at least 40 mining claims had been re-
corded in the management zone; few claims had been lo-
cated prior to 1960. Mills and facilities for processing
the cobalt and copper ores mined near the management
zone exist at the Blackbird mine. Other mills, for cop-
per, gold, silver, and lead, exist in the Mackinaw and
Mineral Hill mining districts.

MINERAL RESOURCES

Based on mapping and geochemical sampling in-
tegrated with the regional geology and known mineral
systems in east-central Idaho, potential was found in
the management zone for sediment-hosted cobalt-
copper and porphyry-type copper-molybdenum
deposits.

The Elkhorn and upper Garden Creek areas in the
management zone have substantiated potential for the
occurrence of cobalt-copper resources. Both have
anomalous values of cobalt, copper, and boron in
stream-sediment samples, and outcrops near Elkhorn
Creek have visible cobalt mineralization. Of the features
coincident with ore at the Blackbird mine (Hughes,
1983; Karen Lund, unpub. data, 1983), both areas in the
management zone have the appropriate stratigraphy,
possible mafic volcanics and exhalative(?) cherts, and
tourmaline breccias. In addition, the Garden Creek area
is cut by amphibolites which were probably originally
mafic dikes. Syndepositional faulting through the re-
gion is postulated by Hughes (1983), although this
study cannot confirm this. The combination of these
factors suggests a substantiated potential for cobalt
resources. All areas underlain by Yellowjacket-
equivalent rocks are assigned a probable potential
based on the geologic environment and regional pat-
terns consistent with the favorable factors mentioned
above.

A probable potential for porphyry-type copper-
molybdenum mineralization is assigned to an area along
Clear Creek below Rancherio Creek and in upper Squaw
Gulch, where bright-reddish-orange gossans are devel-
oped in the Proterozoic foliated, nonporphyritic granite.
Extensive stockwork fracturing, quartz and limonite
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veining, alteration (possibly potassic), disseminated
magnetite, and the bleaching of originally dark gray
metasedimentary rocks to white ‘“‘quartzites” are all
features attributable to a major hydrothermal system
and suggest the presence of a buried Tertiary(?) pluton.
A small exposure of what appears to be epizonal, Ter-
tiary pink granite in a fault block at the mouth of
Rancherio Creek provides added credence to this inter-
pretation. The intersection of major regional structural
trends inferred from aeromagnetic data and mapping
may indicate some structural control. Molybdenum
mineralization similar to that inferred here probably is
present a few miles east of Panther Creek near the head-
waters of Beaver Creek (Bennett, 1977) and at the
Napolean Ridge prospect yet farther east near North
Fork, Idaho (Bennett, 1980).

SUGGESTIONS FOR FURTHER STUDIES

Further studies on the regional geology, stratigraphy
of the Yellowjacket Formation, age and nature of the in-

586

trusive rocks, and age and origin of mineralization are
currently being conducted.
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Chapman Creek, near the northern boundary of the
area, also has a probable potential for mineral resources,
although evidence of mineralization here is weaker than
in the main belt. Placer gold has been found in terrace
gravels and alluvium along North Fork Boise River and
Crooked River.

The northwest-trending mineralized belt is about 2 mi
wide and extends more than 15 mi southeast of the Ten
Mile West Roadless Area to and beyond the gold-
producing district at Atlanta. Numerous quartz veins
and hydrothermally altered and mineralized rocks crop
out in the belt. Many of the mineralized sites have been
prospected and some mined. Within the roadless area
several areas of substantiated resource potential occur
in the mineralized belt and include silver-gold deposits
in the Grouse Creek area, gold-silver deposits on the
ridge above Johnson Creek on the southern border of
the roadless area, silver deposits in Bayhouse Pass,
silver prospects in the vicinity of Graham Peak, silver-
gold quartz veins on ridges above Big Silver Creek, and
a silver-molybdenum locality south of Crooked River.
Two areas of substantiated placer gold resource poten-
tial occur within the belt, one along the Crooked River
and one along the North Fork Boise River.

Exploration for silver and gold in the roadless area
dates from the early 1880’s, when activity began at the
old mining camp of Graham. Mine workings were ex-
cavated near the ridge top south of Graham Peak, and
an aerial tramway was built from the mine to a mill
which was built at the former town of Graham. At least
10 adits were driven near Graham Peak but only 4 were
open in 1982. Assays from 43 samples taken in and near
the workings ranged from 0.2 to 5.0 oz silver/ton and
0.005 to 0.62 oz gold/ton.

Several mine workings in highly altered granitic rock
in the Bayhouse Pass area are on the southwest side of
the Montezuma fault. Assays from 10 samples taken
from workings and outcrop contained as much as 14.6
oz silver/ton, 1.0 percent zinc, 0.7 percent lead, 0.3 per-
cent copper, and 0.07 percent bismuth. Sediment
samples from the area were anomalous in silver, molyb-
denum, lead, and copper. .

Caved adits, trenches, and pits in the upper Grouse
Creek area, in altered granite southwest of the
Montezuma fault, explore a vein more than 1000 ft long
(Kiilsgaard and others, 1970). Ten samples taken from
the vein outcrop and prospect workings contained as
much as 3.5 oz gold/ton, 4.4 oz silver/ton, 2.0 percent
lead, and 0.15 percent zinc. A stream-sediment sample
from a small stream north of the prospected area was
anomalous in silver and lead, which suggests the possi-
bility of other mineralized occurrences in the area.

Southwest of the Grouse Creek mine workings, on the
ridge top between Black Warrior and Johnson Creeks,
are some prospect pits and a short adit that explore an

altered and mineralized zone. Samples from the dumps
gave high gold values, one sample containing 3.2 oz
gold/ton (Kiilsgaard, 1982c).

Several northwest-striking quartz veins that range
from 6 in. to 2 ft in thickness cross the ridge immedi-
ately northwest of Big Silver Creek. Chip samples
across these veins contained from 0.9 to 1.3 oz silver/ton
and from 0.001 to 1.2 oz gold/ton. On the ridge 2500 ft
northwest, a sample taken across what probably is a
continuation of one of the quartz veins, also was en-
riched in silver and gold. Erosion of these veins prob-
ably accounts for the anomalous amounts of silver
detected in stream-sediment samples taken from
streams that drain the area.

A number of 160-acre placer claims have been located
in the area. Seven claims are located along Crooked
River, 4 along North Fork Boise River and 11 along
Cow Creek. Gravel was sampled for placer gold at 57
sites along the Crooked and North Fork Boise Rivers
and gold was found at 27 of the sites. One locality along
Crooked River contains 3400 cu yds in which the gold
content is valued at $0.32/cu yd (at a gold price of
$400/0z). Three localities along the North Fork Boise
River, above the mouth of Johnson Creek, contain
434,000, 75,000 and 32,000 cu yds in which the gold con-
tent is valued at $0.58, $0.89 and $1.22/cu yd, respec-
tively. These areas have substantiated gold resource
potential.

Stream-sediment samples anomalous in molybdenum
are clustered in two areas of probable resource potential
in the mineralized belt in the Ten Mile West Roadless
Area: in the vicinity of Big Silver Creek and at streams
draining into Crooked River near the western boundary
of the belt. Molybdenum in the Silver Creek sediments
could have been derived from the quartz veins that crop
out on the ridges between Big and Little Silver Creeks;
however, samples from those veins are low in molyb-
denum content. Granodiorite making up the ridge
immediately north of Big Silver Creek is intensely
altered and is cut by many small quartz veins. It is pos-
sible that concentrations of molybdenum occur in those
rocks but more sampling and exploration would be
needed to verify its occurrence.

Near the western boundary of the roadless area, south
of the bend in Crooked River, are two molybdenum oc-
currences that have been tested by prospect pits. The
two localities are on separate ridges about 1500 ft apart.
Both sets of workings appear to explore the same miner-
alized zone. Fragments of quartz as much as 1-ft thick
litter the dumps and suggest that a fairly thick vein was
explored. Two samples of quartz from the dumps con-
tained low values in silver and molybdenum; however,
sediment samples from streams that drain the mineral-
ized area and from streams that drain an area west of
the known mineralized locality were anomalous in
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molybdenum. The clustering of anomalous stream-
sediment samples indicates wider spread mineralization
than was seen at the outcrop and the area is assessed a
probable resource potential.

Several stream-sediment samples, collected from
tributary streams at the head of Ten Mile Creek, in an
area of probable mineral-resource potential in the north-
ern part of the area, were anomalous in one or more of
the elements lead, fluorine, copper, and uranium. The
anomalies suggest mineralized outcrops in the area but
only one was found. Sample localities suggest that the
mineralized sources may be related to an exposure of
hornblende granodiorite of the Jackson Peak stock.

SUGGESTIONS FOR FURTHER STUDIES

The Ten Mile West Roadless Area warrants further
study to better define its mineral-resource potential. In
particular, the altered rocks in the northwest-trending
mineralized belt warrant large-scale mapping and more
intensive rock and stream-sediment sampling, the ob-
jectives of which should be to more adequately outline
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the known mineralized localities and to better define
other localities where field evidence suggest other
mineral deposits may occur.
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WEST AND EAST PALISADES ROADLESS AREAS, IDAHO AND WYOMING

STEVEN S. ORIEL,! U.S. GEOLOGICAL SURVEY, and

JOHN R. BENHAM, U.S. BUREAU OF MINES

SUMMARY

Studies from 1979 to 1982 of the West and East Palisades Roadless Areas,
which lie within the Idaho-Wyoming thrust belt, document structures, reservoir
formations, source beds, and thermal maturities comparable to those in produc-
ing oil and gas fields farther south in the belt. Therefore, the areas are highly
favorable for the occurrence of oil and gas. Phosphate beds of appropriate grade
within the roadless areas are thinner and less accessible than those being mined
from higher thrust sheets to the southwest; however, they contain 98 million
tons of inferred phosphate rock resources in areas of substantiated phosphate
resource potential. Sparsely distributed thin coal seams occur in the roadless
areas. Although moderately pure limestone is present, it is available from other
sources closer to markets. Geochemical anomalies from stream-sediment and
rock samples for silver, copper, molydenum, and lead occur in the roadless areas
but they offer little promise for the occurrence of metallic mineral resources. A
possible geothermal resource is unproven, despite thermal phenomena at nearby

sites.

CHARACTER AND SETTING

The West and East Palisades Roadless Areas encom-
pass about 386 sq mi of the Snake River Range along
the Idaho-Wyoming boundary. They lie within the
Targhee and Bridger National Forests in Teton and
Bonneville Counties, Idaho, and Teton and Lincoln
Counties, Wyoming. The two roadless areas, considered
here as one study area, extend from Alpine and the
Grand Canyon of the Snake River in Wyoming, north-
ward to Pine Creek and the Teton Basin near Victor,
Idaho. Jackson, Wyoming, lies 7 mi east of the northern
part of the study area. The study area is bounded on the
southwest by Swan Valley, in which lies the U.S.
Bureau of Reclamation Palisades Reservoir, used for
both irrigation and generation of electrical power.

Altitudes in the study area range from about 5600 ft
in Swan Valley to 10,025 ft at Mount Baird. The flanks
of the range, in contrast to its crest, are heavily
forested. The sinuous east boundary of the study area
excludes several logging trails to timbered areas, some
of which have been clear-cut, as along Mosquito Creek,
and only pack trails traverse the roadless areas.

'With contributions from David W. Moore, John C. Antweiler, and Don R. Mabey, USGS.

Investigations were begun by the USBM during the
summer of 1979, and by the USGS during the summer
of 1980, to assess the mineral-resource potential. These
investigations, have included trenching and sampling of
phosphate beds, geochemical sampling, and gravity and
aeromagnetic surveys.

Bedrock of the study area consists overwhelmingly of
westward thickening Paleozoic and Mesozoic layers of
resistant limestone, quartzite, and dolomite, which form
ridge crests, and weaker mudstone, claystone, and sand-
stone, which form valleys. These strata have been trans-
ported laterally tens of miles eastward and northeast-
ward, in large thrust sheets which are folded and cut by
imbricate thrust slices. The strata are locally intruded
by igneous rocks exposed now in several small bodies.
Strata in the thrust sheets are unconformably overlain
locally by upper Cenozoic volcanic ashfalls and ashflows
with interbedded terrestrial sediments, and by
sediments of even younger, latest Cenozoic age. The
rocks were deformed not only in response to the com-
pressive stresses which produced thrusting and folding,
but also by later uplift of the southwestern flank of the
Snake River Range, as sediments in Swan Valley were
tilted down. Very ancient Archean (older than 2500 mil-
lion years) basement rocks present in the nearby Teton
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Range, to the north, are not exposed in the roadless
areas.

MINERAL RESOURCES

The study area is highly favorable for petroleum
exploration, the commodity of greatest interest. The
study area lies in the northern part of the Idaho-
Wyoming-Utah thrust belt. Numerous highly produc-
tive oil and gas fields have been found (Petroleum In-
formation, 1981; Ver Ploeg and De Bruin, 1982) and
continue to be found about 100 mi southward within the
belt in southwesternmost Wyoming and northern Utah.
The same formations are present throughout the belt,
including the same type of potential reservoirs, the
same hydrocarbon source beds, and comparable thermal
maturities. Comparable structures, including anticlines
which may entrap oil and gas both above and below ma-
jor thrust faults, are present throughout the belt. Some
structures, like those that are buried and productive to
the south, are now exposed to erosion in the study area,
and hydrocarbons that may have been present have
escaped. Nevertheless, comparable structures are also
present at depth, beneath the several thrust sheets, as
indicated by exposed structural relationships. East-
ward thinning of most Paleozoic and Mesozoic units,
which are inclined predominantly to the west, is favor-
able for the presence of numerous stratigraphic, as well
as structural, traps.

The oil and gas potential we and others (Powers, 1978)
recognize for the study area is based on the presence of
favorable source beds, potential reservoirs, structural
and stratigraphic traps, and thermal maturities, com-
parable to those in the already proven, highly produc-
tive southern part of the Idaho-Wyoming thrust belt.

Vanadium-bearing phosphate rock is present in the
Meade Peak Phosphatic Shale Member of the Permian
Phosphoria Formation. The formation crops out exten-
sively in the roadless areas, but its continuity is
disrupted by thrust faults. Sampling and analyses of
the member in stratigraphic sections and trenches that
represent 74 mi of strike length revealed 98 million tons
of inferred phosphate rock resources in areas of substan-
tiated phosphate resource potential based on phosphate
rock zones containing at least 14 percent P,0,.

Associated with these resources is an average of 2.39
percent fluorine that might be recovered as a byproduct,
and lesser amounts of vanadium and uranium (Sheldon,
1963; Gere and others, 1966; Benham, 1983). Units of
phosphate rock richer than 24 percent are thinner and
less accessible in the the study area than those 20 to
more than 30 ft thick now being mined in the higher
Meade thrust sheet in the Soda Springs and Pocatello
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areas to the southwest (U.S. Geological Survey, 1977,
v.1, p. 48).

The Phosphoria Formation contains small concentra-
tions of silver, chromium, lead, vanadium, zinc, cad-
mium, copper, molybdenum, and nickel. Although no
resource potential was identified, recovery of some of
these metals could enhance the phosphate-mining
potential at some sites.

Coal seams and beds occur in the Cretaceous Frontier
and Bear River Formations, which trend northwest
along the northeastern part of the Snake River Range.
The seams and beds are thin, dip steeply, pinch out
within short distances, and no potential for coal
resources was identified.

The Mississippian Mission Canyon Limestone, ex-
posed in the Jackson, Absaroka, and St. John thrust
sheets, contains relatively pure limestone. The material
is suitable as flux for smelters, and for use in glass,
sugar-beet refining, and paper making, as well as for rip-
rap. Other limestone sources closer to markets, make
deposits in the study area useful only for local needs
(Benham, 1983).

Analyses of samples of rocks, stream sediments,
panned concentrates, and waters show geochemical
anomalies for several elements. The anomalies occur in
three different geologic settings: stratabound silver and
copper in the mid-Mesozoic Nugget Sandstone; base
metals and molybdenum associated with Tertiary ig-
neous intrusive rocks; and several elements in the
Phosphoria Formation. No mineral-resource potential
was identified in any of these settings.

The Nugget Sandstone in the study area, as elsewhere
in the thrust belt, hosts stratabound deposits of copper
and silver locally accompanied by gold, zinc, lead, or
other base metals. The metal concentrations are associ-
ated with local oil staining and bleached zones (Love
and Antweiler, 1973). Gypsiferous beds in the basal part
of the Twin Creek Limestone directly overlie the strata-
bound metal occurrences. At four localities in the study
area, malachite- and azurite-stained sandstone or
quartzite was found in the Nugget. Selected specimens
contain as much as 2 percent copper and 150 parts per
million silver; concentrations of other base metals, in-
cluding zinc, are relatively minor. Because the observed
mineralization is neither extensive nor continuous, no
resource potential was identified for the areas having
these occurrences. :

Heat-flow data are not available for the study area
but thermal phenomena are known from nearby locali-
ties. The study area lies close to the Eastern Snake
River Plain and Yellowstone Park thermal anomaly,
characterized by high heat-flow (Blackwell, 1978,
p. 190). Although a geothermal resource is unproved in
the study area, such a resource is possible.









WHITE CLOUD-BOULDER ROADLESS AREA, IDAHO

By FREDERICK S. FISHER, U.S. GEOLOGICAL SURVEY, and

FREDRICK L. JOHNSON, U.S. BUREAU OF MINES

SUMMARY

There have been no minerals produced from, and there are no mines located
within the White Cloud-Boulder Roadless Area, Idaho; however, based on min-
eral studies by the USGS and USBM in 1981, the southern part of the roadless
area has a probable resource potential for tungsten and the northwestern corner
a probable resource potential for gold and silver. The conclusions are based on
the presence of favorable geologic environments for calc-silicate skarns in the
southern part of the roadless area and the presence of gold-bearing quartz-
carbonate veins in the northern part. The northern part of the area in the vicin-
ity of Sheep Mountain-Bowery Peak has a probable resource potential for
arsenic, copper, gold, lead, molybdenum, silver, tin, and zinc, on the basis of
geologic and geophysical data that suggest the presence of a buried intrusive
body which probably has associated ore deposits. No energy resources were

identified in the study.

CHARACTER AND SETTING

The White Cloud-Boulder Roadless Area is located in
Custer County approximately 30 mi south of Challis,
Idaho. It contains about 62 sq mi and is accessible by
county roads along the East Fork of the Salmon River
and then by foot and horse trails. The roadless area is on
the eastern and southern sides of the White Cloud-
Boulder Mountains and is characterized by very rugged
topography with relief in excess of 4000 ft. Previous
geologic work is limited to the northern third of the
roadless area.

The White Cloud-Boulder Roadless Area includes two
principal groups of rocks: sedimentary rocks of Paleo-
zoic age, and volcanic rocks with associated intrusive
rocks of Eocene age. The Paleozoic sedimentary rocks
had been faulted, complexly folded, and eroded to form
a rugged terrain prior to deposition of the volcanic
rocks. Locally, especially in the southern part of the
roadless area, the sedimentary rocks were contact meta-
morphosed by intrusive masses that were emplaced dur-
ing the volcanism.

The structure within the northern part of the roadless
area is closely related to two major regional structural
features that occur to the west and east. To the west is
the northeast-trending East Fork fault zone; to the east
is the northwest-trending Herd Creek fault zone. North-

east and northwest-trending faults bound the uplifted
block centered on Sheep Mountain-Bowery Peak ridge.
Uplift of the block most likely is due to buoyancy of an
intrusive mass still concealed beneath the ridge. The
presence of such an intrusive mass is suggested by the
swarm of porphyry dikes on the ridge, the pervasive
alteration of all rocks exposed on the ridge, and a strong
positive aeromagnetic anomaly centered on the ridge
(M. W. Webring, oral commun., 1982),

East- and northeast-directed thrust faults of con-
siderable displacement characterize the structural
geology of the Paleozoic rocks in the southern part of
the roadless area. The allochthonous plates were
emplaced during Paleozoic and Mesozoic deformation
that affected wide areas of the western United States.
The thrust plates have been broken by high-angle faults
at various times and were intruded by numerous quartz
porphyry plutons during Tertiary time.

MINERAL RESOURCES

In the southern part of the roadless area, skarns are
commonly developed in carbonate-rich Paleozoic rocks
adjacent to Tertiary plutons. Scheelite (CaWO,) has
been observed in some of these skarns, and panned con-
centrates collected from streams draining these areas
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contain visible scheelite grains. The skarn zones are
commonly iron stained and contain garnet, epidote, and
in places, pyrrhotite. Tungsten, molybdenum, and lead
are all present in anomalous amounts in panned concen-
trates collected from streams draining the area of
Paleozoic rocks. Although no skarn deposits have been
identified in the roadless area, these types of ore bodies
have been mined near the western and southern bound-
aries of the roadless area.

A probable resource potential for tungsten is assigned
to the western and southern part of the roadless area
because highly anomalous concentrations of tungsten
were found in panned concentrates from all of the
streams draining the area, scheelite has been observed
both in the panned concentrates and in the skarn zones,
and geologic relationships favorable to the formation of
skarn deposits occur in the area.

In the northern part of the roadless area northwest of
Sheep Mountain a series of quartz-carbonate veins cut
rhyodacitic pyroclastic rocks and lava flows with
predominantly northeast trends. Most of the veins are
narrow (less than 1 ft wide) and are exposed along strike
for only a few tens to a few hundred feet. One vein,
however, has a strike length of nearly 1 mi and in places
is as wide as 300 ft. The vein rocks are mostly breccias
which consist mainly of a dense, white, fine-grained
silica matrix surrounding subangular altered rock
fragments about 1 to 2 in. in diameter. The veins are
commonly crustiform, vuggy, and banded. Some clay
occurs in small (less than 1 in.) pods, and carbonates are
present both in thin veinlets and as vug fillings. The
veins are usually iron stained, probably from the
weathering of pyrite. The wallrocks a few inches away
from the veins have been argillically altered and are
bleached, somewhat iron-stained, and contain fine-
grained clay minerals. Propylitized rocks are wide-
spread in the region and are characterized by the devel-
opment of chlorite and epidote as replacements of
biotite, hornblende, and plagioclase. Samples collected
from the veins and adjacent rocks contain anomalous
concentrations of zinc, arsenic, antimony, gold, molyb-
denum, and silver. A probable resource potential for
gold and silver is assigned to the area of this vein zone
because metalliferous quartz-carbonate veins are quite
common in the area; gold was detected in approximately
25 percent of the rock samples from the area; and 50 per-
cent of the rocks collected from the area contained
anomalous concentrations of one or more metals.

Arsenic, copper, gold, lead, molybdenum, silver, tin,
and zinc are all present in anomalous concentrations in

600

rock and stream-sediment samples taken from the
Sheep Mountain-Bowery Peak area. With the exception
of the auriferous quartz-carbonate veins described
above, no recognizable deposits were observed in the
Sheep Mountain-Bowery Peak area. The most logical
explanation for these widespread geochemical anoma-
lies is the presence of a buried intrusive mass beneath
Sheep Mountain-Bowery Peak ridge as suggested
earlier. Copper or molybdenum porphyry-type ore
deposits could be associated with such an intrusive and
the observed geochemical anomalies would be explained
as resulting from the hydrothermal events associated
with the emplacement of the intrusive. If this is the case
then deposits may be present, but not exposed, in the
Sheep Mountain-Bowery Peak area and it is assigned a
probable resource potential.

Sand, gravel, and stone could be produced from
numerous localities within the roadless area, but there is
a lack of good transportation routes and they are far
from potential markets. Sedimentary rocks are present
in the roadless area but have been extensively folded,
faulted, metamorphosed, and intruded by igneous
plutons; thus there is little likelihood for the occurrence
of oil and gas.

SUGGESTIONS FOR FURTHER STUDIES

More detailed geologic mapping and geochemical
sampling in the Sheep Mountain-Bowery Peak area
would delineate areas that might be drilled to confirm
the postulated presence of a buried intrusive with
associated mineral deposits.
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BURDEN FALLS ROADLESS AREA, ILLINOIS

By JOHN S. KLASNER, U.S. GEOLOGICAL SURVEY, and

ROBERT M. THOMPSON, U.S. BUREAU OF MINES

SUMMARY

The Burden Falls Roadless Area lies in the Shawnee National Forest of
southern Illinois, about 5 mi west of the western edge of the Illinois-Kentucky
fluorspar district. Geologic mapping and geochemical surveys done in 1980 in-
dicate that the area has little promise for the occurrence of fluorspar and
associated minerals; other special studies also indicate little promise for oil and
gas and construction materials. Traces of gold and silver were detected in some
geochemical samples but follow-up studies indicate little promise for the occur-
rence of resources of these metals within the Burden Falls Roadless Area.

CHARACTER AND SETTING

The 5.75 sq mi Burden Falls Roadless Area lies within
the Shawnee National Forest of southern Illinois, about
4 mi northwest of Eddyville. USFS records indicate
Federal ownership of roughly 82 percent of the surface
rights and 62 percent of the mineral rights; oil and gas
applications, filed in 1972, include about 36 percent. of
the roadless area.

The roadless area lies at the southern edge of the II-
linois Basin and about 5 mi west of the western edge of
the Illinois-Kentucky fluorspar district, the major
fluorspar producing district in the United States.
Geologic mapping (Klasner, 1983) shows that beds of
conglomerate, sandstone, siltstone and shale, all of
Pennsylvanian age, are exposed in the area, and are
gently dipping, generally less than 10°. A northeasterly
trending syncline (downwarp) transects the area and at
least two northerly trending faults exist in the area. The
faults, which are fracture zones along which movement
has taken place, locally disrupt the otherwise nearly flat
lying beds.

MINERAL RESOURCES

Mineral commodities evaluated for their occurrence in
the Burden Falls Roadless Area include fluorspar, coal,
oil and gas, and construction materials such as sand-
stone and shale. Inasmuch as gold and silver were
detected in geochemical analyses of stream sediment
and soil samples, the area was also evaluated for their
occurrence.

Geologic mapping did not reveal the presence of
fluorspar or commonly associated minerals such as
barite, galena, or sphalerite. Geochemical analyses of
bedrock samples (Klasner and Day, 1983) indicate that
fluorine and associated elements such as barium, beryl-
lium, lead, and zinc all occur at concentrations that are
about the same as or lower than average concentrations
of these elements for the rock types sampled. In addi-
tion, geochemical analyses of stream-sediment and soil
samples generally do not show elevated concentrations
of fluorine and other elements associated with fluorspar
deposits. For these reasons the roadless area is con-
sidered to have little promise for the occurrence of
fluorspar.

Geologic mapping as well as a special coal reconnais-
sance study did not reveal the presence of coal within
the roadless area. Well-log data indicate that only thin
lenses of coal of unminable thickness may occur in the
general area and no resource potential was identified.

Analyses of Lower Pennsylvanian sandstone samples
do not indicate that the sandstone is a source of high-
silica sand. Sandstone from this area could be utilized as
construction fill for local projects, but numerous
sources are available elsewhere in the region. Evalua-
tion of ceramic properties of exposed shale indicates
possible use for structural clay products, but limited ex-
posures and limited thickness of shale beds restrict this
possiblity.

There is little promise for the occurrence of oil and
gas. As shown on the map, several oil and gas tests have
been drilled around the roadless area and one within it.
A test hole, 1962 ft deep, was drilled into Mississippian
limestone near the northwest edge of the roadless area.
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It penetrated an anticline that marks the most favor-
able place structurally for oil and gas to occur in the
area, but it was dry. Rocks other than Mississippian
strata have not been tested but Weller (1940, p. 44)
points out that older beds contain fresh water, sug-
gesting that “* * *underground circulation may have
been effective enough to flush out any oil that may have
existed in some structurally favorable localities.”
Anomalous concentrations of gold and silver were
detected in 3 stream-sediment samples and silver was
detected in 2 soil samples (Klasner and Day, 1983).
Because of suspected contamination either in sampling
or instrumental analysis, the areas were resampled and
reanalyzed by two different techniques, atomic absorp-
tion and semiquantitative spectrographic analyses, for
gold and silver. Only a trace of gold was found in one of
the recollected samples. In addition, several bedrock
samples were analyzed, primarily for gold and silver,
with negative results. Thus we conclude that the area
has little promise for the occurrence of gold and silver.
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SUGGESTIONS FOR FURTHER STUDIES

Because mineral-resource potential studies (Thomp-
son, 1982, and Klasner and others, 1983) indicate that
the Burden Falls Roadless Area has little promise for
the occurrence of metallic, nonmetallic, and energy
resources, we do not recommend further studies in this
area.
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BEAVER CREEK WILDERNESS, KENTUCKY

By K. J. ENGLUND, U.S. GEOLOGICAL SURVEY, and

R. W. HAMMACK, U.S. BUREAU OF MINES

SUMMARY

The Beaver Creek Wilderness, Kentucky, was studied in 1980 by the USGS
and USBM. Coal is the most important mineral resource in the Beaver Creek
Wilderness. The coal is tentatively ranked as high-volatile A bituminous, and
like coal of this rank in nearby mining areas, it is primarily suitable for use as
steam coal. The coal resources are estimated to total 8.31 million short tons in
beds greater than 14 in. thick. Nonmetallic minerals present in the Wilderness
include limestone, shale, clay, and sandstone; these commodities are abundant
outside the wilderness. The information available is not adequate for the assess-
ment of the oil and gas resource potential of the Beaver Creek Wilderness. There
is little likelihood for the occurrence of metallic mineral resources.

CHARACTER AND SETTING

The Beaver Creek Wilderness contains about 7.5 sq
mi in the Daniel Boone National Forest, Kentucky. The
area is in McCreary County, about 11 mi southeast of
Burnside, Kentucky, and is principally within the cliff-
line bordering the Beaver Creek drainage basin. The
western edge of the wilderness is accessible from the
north and south via U.S. Highway 27 and USFS Road
50. From the east the area can be reached via Kentucky
State Route 90 and USFS Road 46. The interior is ac-
cessible by foot along an abandoned USFS Road and by
several primitive trails that extend along the major
streams.

Almost all surface rights in Beaver Creek Wilderness
are in U.S. Government ownership; however, almost all
mineral and oil and gas rights are privately owned.

The Beaver Creek Wilderness is located at the west-
ern edge of the Appalachian coal region and is within
the highly dissected Cumberland Plateau section of the
Appalachian Plateaus physiographic province. It is
drained by Beaver Creek and its tributaries, which flow
northeastward into Lake Cumberland, a reservoir on the
Cumberland River about 1 mi north of the wilderness.
Altitudes range from about 730 ft on the lower part of
Beaver Creek to about 1200 ft at its headwaters.

About 555 ft of sedimentary rocks of Late Mississip-
pian to Middle Pennsylvanian age crop out in the
wilderness, and as much as 8000 ft of older Paleozoic
rocks may be in the subsurface. The lowermost part of

the exposed section consists of marine rocks assigned to
the Newman Limestone of Late Mississippian age. The
remainder of the exposed stratigraphic section consists
mostly of coal-bearing continental rocks assigned to the
Mississippian and Pennsylvanian Lee Formation and
the Pennsylvanian Breathitt Formation, which also con-
tains several thin brackish-water and marginal marine
beds. These formations underlie broad upland areas and
crop out extensively along the upper valley slopes of the
Beaver Creek drainage. Unmapped Quaternary deposits
consist of colluvium on lower valley slopes and alluvium
along the valley floors.

The Beaver Creek Wilderness is underlain by relative-
ly flat lying rocks on the eastern flank of the Cincinnati
arch. Structure contour lines drawn on the top of the
Rockcastle Sandstone Member of the Lee Formation
show that the regional dip is easterly less than 1°, and is
modified locally to the northeast. Evidence of faulting
has not been observed in the wilderness.

MINERAL RESOURCES

Mineral resources that must be considered in the
evaluation of the resource potential in the Beaver Creek
Wilderness include coal, oil and gas, shale, sandstone,
and limestone. High-volatile A bituminous coal has
been prospected extensively and mined on a small scale
in and near the wilderness. In this report, coal resources
are separately estimated for coal beds more than 28 in.
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thick and for coal in beds 14 to 28 in. thick. Areas
underlain by coal beds more than 28 in. thick are shown
on the map as areas of substantiated coal-resource
potential.

Coal occurs in five beds in and near the wilderness:
the Hudson, Stearns No. 1 1/2 (?), Beaver Creek, Beaver
Creek rider, and Barren Fork. Of these, only the Hud-
son, Beaver Creek, and Beaver Creek rider contain coal
of sufficient thickness, extent, and quality to meet the
definition of resources.

The Beaver Creek coal, the thickest and most persist-
ent bed, contains slightly more than 6.1 million short
tons of coal. The Hudson coal bed is generally too thin
(less than 28 in. thick) to be shown on the map, but the
bed thickens in the north-central part of the area where
about 1.96 million short tons of coal is estimated. The
Beaver Creek rider coal bed is estimated to contain
about 0.25 million short tons of coal. The total coal con-
tained in the wilderness in beds more than 14 in. thick is
about 8.31 million short tons; 4.258 million short tons of
this total is contained in beds more than 28 in. thick and
is shown on the map as substantiated coal resources.

Nonmetallic minerals in the wilderness include
limestone, high-silica sandstone, clay, and shale; these
commodites are abundant outside of the wilderness in
other more favorably located areas.

Metallic mineral deposits have not been reported in
the area and none were observed during the field in-
vestigation. The rock units exposed in the wilderness do
not normally host metallic deposits in this region, and
no major geochemical anomalies indicative of minerali-
zation were identified in the geochemical survey (Grosz
and Siems, 1982). Sedimentary rocks underlying the
Beaver Creek Wilderness are similar to those in nearby
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areas that contain oil and gas resources. The oil and gas
potential of the Beaver Creek Wilderness cannot be ade-
quately determined from available information; most
exploration drill holes in nearby areas are too shallow
(less than 1100 ft) or widely spaced to adequately test
this sedimentary sequence.

SUGGESTIONS FOR FURTHER STUDIES

Seismic studies and drilling are needed to determine
the existence of traps for hydrocarbon accumulation
and test the nature of the sedimentary strata beneath
the Beaver Creek Wilderness if a proper assessment of
the oil and gas potential of this area is to be attained.
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Troublesome Roadless Area (Sigleo and others, 1981).
The coal is apparently of high-volatile A bituminous
rank, and it occurs in at least 13 beds of which two, the
Stearns No. 1 1/2(?) and the Barren Fork(?), contain coal
resources. In this report, demonstrated coal resources
are separately estimated for coal beds more than 28 in.
thick and for coal in beds between 14 and 28 in. thick.
Areas underlain by coal beds more than 28 in. thick are
shown on the map as areas of substantiated coal re-
source potential. Areas containing beds less than 28 in.
thick are not shown, despite their contained coal, as
development is considered unlikely. Other than for local
use, there has not been commercial development of the
coal resources in the Troublesome area. Coal has been
produced from several mines north of the area near
Fidelity, and to the southeast on a tributary of the
South Fork of the Cumberland River. All adits in and
adjacent to the roadless area are abandoned and most
are caved.

Demonstated coal resources of approximately
913,000 short tons, in beds more than 14 in. thick and
under less than 1000 ft of overburden, have been iden-
tified in the Stearns No. 1 1/2(?) and Barren Fork(?) coal
beds. Of the estimated total resources, 53 percent, or
483,900 short tons, is in beds 14-28 in. thick, and 47
percent, or 429,100 short tons, is contained in beds
28-42 in. thick which are shown on the map as occur-
ring in areas of substantiated coal resource potential.
The Stearns No. 1 1/2(?) coal bed is the thicker and more
persistent of the two beds, and is estimated to contain a
combined total of 747,000 short tons of coal or 82 per-
cent of the total calculated for the entire roadless area.

Sandstone in the Troublesome Roadless Area occurs
in the Lee Formation as cliff-forming orthoquartzites
and in the Breathitt Formation as poorly exposed sub-
graywacke and quartzose sandstone. The Rockcastle
Sandstone Member of the Lee Formation contains 95
percent or greater SiO, and is suitable for a variety of
uses as silica sand. Possible uses of other area sand-
stones include filter, furnace, and abrasive sand. Shale

occurs in both the Lee and Breathitt Formations and
preliminary tests suggest that it may be suitable for
structural clay products. These materials occur in abun-
dance outside the roadless area.

Producing and abandoned oil and gas wells in the sur-
rounding region indicate that oil and gas resources may
exist in the subsurface of the Troublesome Roadless
Area. Exploratory drilling has not yet been conducted
in the study area; however, about 0.6 sq mi were in-
cluded in an oil and gas lease (ES-7925) issued by the
U.S. Bureau of Land Management in 1971. The entire
area is classified as having a probable resource potential
for oil and gas.

Metallic mineral deposits have not been reported in
the area and none were observed during the field investi-
gations. The rocks exposed in the area do not normally
host metallic deposits and there is little promise for
their occurrence. Geochemical anomalies indicative of
metallic mineralization were not detected by a geochem-
ical survey.

SUGGESTIONS FOR FURTHER STUDIES

Additional exploration, particularly deep drilling, is
necessary to evaluate the area’s potential for oil and gas
resources.
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SANDY CREEK ROADLESS AREA, MISSISSIPPI

By BOYD R. HALEY, U.S. GEOLOGICAL SURVEY, and

RICHARD F. BITAR, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey of the Sandy Creek Roadless Area by the
USGS and USBM in 1981, the area offers little promise for the occurrence of
metallic mineral resources but has a probable resource potential for oil and

natural gas.

CHARACTER AND SETTING

The Sandy Creek Roadless Area includes about 3.7 sq
mi in the southeastern part of Adams County, Missis-
sippi. Sandy Creek, Pellucid Bayou and Pretty Creek,
the major streams, have eroded the area into gently roll-
ing hills and narrow steep-walled valleys. Surface alti-
tudes range from 130 to 290 ft above sea level in the
area.

Consolidated bedrock is not exposed in the roadless
area, but alluvium of two ages, Pleistocene and Holo-
cene, is present. The alluvium is composed of gravel,
sand, silt, and clay.

MINERAL RESOURCES

The Sandy Creek Roadless Area has a probable re-
source potential for oil and natural gas, but offers little
promise for the occurrence of metallic minerals. The
roadless area lies within the oil and gas producing
region known as the Western Gulf Basin (Mason, 1971,
fig. 1), but no producing wells are present in the roadless
area. Since 1948, oil and natural gas has been produced
from 14 different reservoirs of the Eocene Wilcox Group
or in younger rocks in the vicinity of the roadless area.
According to Craft (1966, p. 124), most of the Wilcox-
age oil and natural gas has been found in channel sands
with lithologic entrapment and some local structural en-
trapment; the remainder of the oil and natural gas has
been found in sheet sands that are draped over underly-
ing channel sands. Most of the oil fields in Wilcox and
younger strata have (1) structural closure of less than 20
ft, (2) an oil column of less than 15 ft, (3) less than six
producing wells, (4) an area of less than 160 acres, (5) oil
production of less than 600,000 barrels, and (6) more
than one reservoir in many of them.

The depositional environment and structural setting
are favorable for the occurrence of oil and natural gas in
the Wilcox and younger rocks in the roadless area, par-
ticularly when consideration is given to the following
facts: (1) less than half the area is drilled on a 40-acre
spacing, (2) a show of oil has been reported from 9 of the
23 wells drilled in the roadless area, and (3) oil has been
produced from 3 wells and reported as a show in four
wells, all drilled within 500 ft of the roadless area.

Wells sited in or near the roadless area were drilled to
test reservoirs of Wilcox or younger age rocks, and as
they are less than 7200 ft deep, they did not penetrate
the deeper reservoirs. Oil and natural gas are being pro-
duced from reservoirs of Late Cretaceous age in one oil
field and two gas fields in western Adams County to the
west, in four oil fields and two gas fields in Jefferson
County to the north, and in four oil fields and one gas
field in Franklin County to the east. Oil and natural gas
are also being produced from reservoirs of Late Jurassic
age in Franklin County. Because the roadless area is
bracketed on three sides by commerical production of
oil and natural gas, it is possible that wells drilled deep
enough to penetrate the older reservoirs will encounter
significant quantities of oil and natural gas in the road-
less area.

The deposits of gravel, sand, and clay present in the
area could be utilized in the construction industry, but
similar deposits elsewhere are much closer to available
markets.
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BELL MOUNTAIN WILDERNESS STUDY AREA, MISSOURI

By WALDEN P. PRATT,! U.S. GEOLOGICAL SURVEY, and

CLARENCE ELLIS, U.S. BUREAU OF MINES

SUMMARY

Geologic, geochemical, geophysical, and mineral-occurrence studies of the Bell
Mountain Wilderness study area made in 1978-79 indicate little promise for the
occurrence of major base-metal resources like those of the Viburnum Trend,
which lies 12 mi west of the study area. Abandoned prospects on the west side of
Shut-in Creek were opened on narrow sulfide-bearing quartz veins in Precam-
brian volcanic rocks. These veins contain lead, copper, and trace amounts of
silver, but they do not constitute a resource at present, and evidence from this
study suggests little promise for resources at depth. Unusually high amounts of
trace metals in panned concentrates from several drainages on the west side of
the area indicate areas of probable resource potential for low-grade lead-zinc
deposits buried at depths of a few hundred feet. There is little promise for the

occurrence of energy resources in the area.

CHARACTER AND SETTING

The Bell Mountain Wilderness study area covers
13sq mi of the Mark Twain National Forest in Iron
County, Missouri, about 110 mi by highway southwest
of St. Louis and 25 mi west of Farmington. All sides of
the study area are accessible by State, County, and
USFS roads. The area is on the western flank of the St.
Francois Mountains, and is dominated by Bell Moun-
tain and Lindsey Mountain, two rounded ridges of
Precambrian volcanic rocks. Flat to gently dipping
Cambrian dolomites and minor sandstones flank the
Precambrian rocks but are exposed only in small areas
of some of the drainages; elsewhere these sedimentary
rocks are covered by chert- and sandstone-bearing
residuum of unknown thickness, derived by dissolution
of the carbonates.

The Precambrian rocks that form Bell Mountain and
Lindsey Mountain are mostly welded rhyolitic ash-flow
tuffs. Porphyritic granite intrudes the rhyolite at the
southeast corner of the area. The volcanic rocks are
gently folded and faulted on a local scale; regionally,
they form the northwest margin of a large volcano-
tectonic depression.

The exposed Cambrian rocks are mostly dolomites
but include some shaly and silty units and a basal

'With contributions by R. L. Erickson, USGS.

arkosic sandstone; from the base up, they include the
Lamotte Sandstone, the Bonneterre and Davis Forma-
tions, and the Derby-Doerun (of the Missouri Geological
Survey), Eminence, and Potosi Dolomites, all of Late
Cambrian age. In much of the area underlain by these
formations, the carbonate bedrock has been leached to
considerable depths by percolating ground waters,
which have dissolved and removed the carbonate min-
erals, leaving a residuum of poorly consolidated clay
with fragments of chert, quartz, and sandstone.

The thickness of the Bonneterre Formation under-
neath the residuum north of Bell Mountain is pertinent
to an appraisal of mineral-resource potential, because
the Bonneterre is the principal ore host in the Old Lead
Belt and Viburnum Trend. The few bedrock exposures
of the sedimentary rocks indicate that the maximum
thickness of the Bonneterre Formation in the study area
is probably a few hundred feet, in the vicinity of Ottery
Creek at the northwest edge of the area.

The only structures observed in the Paleozoic rocks
are gentle dips away from the Precambrian knobs, re-
flecting initial depositional dips probably accentuated
by diagenetic compaction. No faults have been identi-
fied or inferred.

A geochemical study of the area was made to aug-
ment surface observations. This study consisted of
semiquantitative spectrographic and chemical analyses
of stream sediments, panned concentrates of stream
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sediments, and outcropping volcanic rocks. Geochem-
ical anomalies in the panned concentrates are discussed
in the section ‘“Mineral Resources”. Analyses of rock
samples from outcrops of Precambrian volcanic rocks
showed no evidence of mineralization.

Regional gravity and aeromagnetic maps that include
the study area do not show any anomalies considered to
be significant in terms of mineral-resource potential.

MINERAL RESOURCES

The resource appraisal is based on interpretation of
the local and regional geology, analyses of stream-
sediment and panned-concentrate samples representing
all the drainages in the area, analyses of representative
samples of Precambrian rocks, and exainination of out-
crops for visible metallic mineralization (Pratt and
others, 1982). Several of the formations that underlie
the study area are known to be the host rocks for
mineral deposits in nearby areas, and therefore may
have some potential for mineral resources in the study
area.

The Viburnum Trend lead-zinc-silver-copper-nickel-
cobalt ore deposits are located about 12 mi west of the
west border of the study area and are mostly in the Bon-
neterre Formation. To our knowledge, no mineralization
of economic importance has been discovered in the in-
tervening area. Drilling for lead and zinc on USF'S lands
northeast of the study area yielded negative results.
Much of the exposed Bonneterre Formation in the
study area consists of the “white rock facies” of local
usage, which is considered an unfavorable host rock for
ores of this type. Therefore, although the mineral po-
tential of the subsurface Bonneterre Formation can be
tested only by drilling, the available geologic and geo-
chemical data suggest that there is little promise in the
study area for the occurrence of ore deposits of the mag-
nitude of the Viburnum Trend deposits. However, the
geochemical study showed three sites along the north-
west side of the study area, in which the panned con-
centrates contained unusually high amounts of
base metals. Although these concentrates were derived
chiefly from formations higher in the stratigraphic
section than the Bonneterre Formation, the high metal
values may be leakage halos caused by the migration of
metals from mineralized Bonneterre rocks in the sub-

638

surface into overlying formations, which later were
reduced to residuum through chemical weathering and
dissolution of carbonate. Therefore these geochemical
anomalies in concentrates of stream sediments derived
from residuum are interpreted to be indirect indicators
of probable resource potential for low-grade lead-zinc
deposits in the Bonneterre Formation. If such deposits
exist, they are probably within a few hundred feet of the
surface.

Prospects on the west side of Shut-in Creek, in the
south-central part of the study area, were opened on
sulfide-bearing quartz veins in Precambrian rhyolitic
ash-flow tuff; the principal contained metals are lead,
copper, and traces of silver. The veins are exposed in
only a limited area, are well below ore grade, and do not
constitute a resource at present. They have not been ex-
plored at depth, but there is little promise for resources
because they contain no trace elements indicative of a
significant mineralizing system.

Coal is not found in Ordovician and older rocks. Oc-
currences of oil or gas are considered unlikely in the
Ozark uplift. Evidence of geothermal energy is lacking.

Except for shaly parts of the Davis Formation, the
rocks of the area are suitable for aggregate. The Bon-
neterre Formation is a major source of refractory dolo-
mite in Missouri, and the Eminence Dolomite, which
may be present beneath the residuum, is a potential
source of pure dolomite in some areas. However, these
formations are present over a wide area, and similar
rocks are abundant in more accessible locations in the
region.

SUGGESTIONS FOR FURTHER STUDIES

Drilling through the Bonneterre Formation in the
three areas of probable potential on the west side of the
study area, combined with geochemical studies of the
drill samples, would permit a better appraisal of the
potential for lead-zinc deposits in those areas.
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IRISH WILDERNESS ROADLESS AREA, MISSOURI

By ALLEN V. HEYL,! U.S. GEOLOGICAL SURVEY, and

GEORGE S. RYAN, BUREAU OF MINES

SUMMARY

Based on surveys by the USGS and the USBM during the years 1979-81,
parts of the Irish Wilderness Roadless Area (hereafter called roadless area) are
considered to have a probable mineral-resource potential for the occurrence of
lead, zinc, and silver deposits. The same Upper Cambrian formations that con-
tain economic deposits of lead, zinc, silver, copper, and, in places, cobalt and
nickel in the Viburnum Trend of the Southeast Missouri mining district occur in
the deep subsurface within the roadless area. Further, buried hills and wide fault
zones, known to be unusually good host areas for deposits in the Southeast
Missouri mining district, have been identified by geophysical surveys in the
roadless area. There is little promise for the occurrence of other mineral and

energy resources in the roadless area.

CHARACTER AND SETTING

The Irish Wilderness Roadless Area in southeast
Missouri covers about 27 sq mi in the Mark Twain Na-
tional Forest in northeastern Oregon County, just south
of the village of Wilderness. The roadless area is acces-
sible from County Highway J which partly follows the
Oregon and Ripley County line along the east side of the
area. U.S. Highway 160 is about 3.1 mi to the south of
the roadless area boundary.

The roadless area is within the Salem Plateau region
of the Ozark uplift. The heavily timbered, nearly flat
uplands are dissected by narrow, entrenched branches
of the Eleven Point River, forming narrow cliff-sided
valleys. Numerous small sinkholes and caves exist in
the roadless area.

Three rock formations, dolomites and sandstones of
Ordovician age, are exposed at the surface in the
roadless area. These rocks are underlain by sedimentary
rocks of Ordovician and Cambrian age, beneath which
are buried hills and valleys composed of Precambrian
rocks, probably granite (Kisvarsanyi, 1975, p. 16). As
the dips of the strata exposed at the surface are flat,
only the meaningful buried Precambrian structures
which are the controls for the probable base metal
deposits are shown on the map. These buried hills and

'With contributions by S. K. Odland and C. K. Moss, USGS.

valleys, which form an uneven land surface beneath the
sedimentary rocks, are at a depth of about 1600 ft. A
1.4-mi-wide northeast-trending fault or shear zone in
the Precambrian basement is expressed at the surface
by weak shearing and brecciation in the Paleozoic
sedimentary rocks. It has resulted from slight post-
Precambrian movements along the Precambrian fault
zone.

The deeply buried Precambrian hills extend into the
roadless area from three sides (see map) as shown by the
geophysical studies of C. K. Moss (unpub. data, 1982).
The areas of these hills as well as the buried fault zone in
the Precambrian, are shown on the map.

Geologic, geochemical, and geophysical studies of the
roadless area were done during the interval 1979-81
(Heyl and others, 1983). Spectrographic analyses of
minus-80-mesh stream sediments and their corre-
sponding panned concentrates from streams within, or
draining, the roadless area indicate only local and minor
anomalously high metal concentrations in the surface
formations of the roadless area. No successful mining
activity has taken place in the roadless area and there is
no record of production or development within it.

MINERAL RESOURCES

Extrapolation of available data, especially from many
drill holes north of the roadless area to within a few
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miles of it, plus the buried, irregular surface of the
Precambrian rocks which provide favorable traps for
ore deposits, suggest that there is a probable mineral-
resource potential for lead-zinc-silver deposits of the
type known from the Viburnum Trend in parts of the
roadless area (Erickson and others, 1978). The Vibur-
num Trend, which is located 45 mi north of the roadless
area, is the major subdistrict of the Southeast Missouri
lead district, which yielded 90 percent of the lead, 23
percent of the zinc, 5 percent of the silver, and 1 percent
of the copper produced in the United States in 1980
(G. S. Ryan, USBM, written commun., 1982). Cobalt,
nickel, and cadmium are also byproducts of this ore. The
probable potential for deeply buried metallic deposits
cannot be confirmed or ruled out without information
by drilling deep test holes within the roadless area,
especially near or above the buried hills and the fault
zone. The roadless area has little promise for the occur-
rence of nonmetallic mineral and energy resources; such
nonmetallic resources are more readily available else-
where in the region.

SUGGESTIONS FOR FURTHER STUDIES

A deep drilling program, with the holes spaced a
minimum of about 2000 ft apart, on the flat uplands of a
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large part of the roadless area is suggested as the best
means to determine if deeply buried metallic deposits
exist in the area. By using the many available old
lumber trails in the area, a minimum of damage would
result. The emphasis in this further study program
would be to drill those areas above or near the buried
Precambrian hills found by the geophysical study and
the fault zone in the northwest part.
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PADDY CREEK WILDERNESS STUDY AREA, MISSOURI

By WALDEN P. PRATT,! U.S. GEOLOGICAL SURVEY, and

CLARENCE ELLIS, U.S. BUREAU OF MINES

SUMMARY

The Paddy Creek Wilderness study area was investigated by geologic and
mineral surveys in 1978-79 by the USGS and USBM. There is no known record
of mineral production, development, or prospecting in the area. Several rock
units that underlie the study area are known to be the host rocks for important
lead-zinc-silver-copper-nickel-cobalt deposits and magnetic iron-ore deposits of
the Southeast Missouri district, about 52 mi east of the study area. Similar oc-
currences may exist in the Paddy Creek Wilderness study area, but the mineral-
resource potential cannot be adequately evaluated without further study. The
available data suggest that there is little promise for the occurrence of mineral
resources, but their existence cannot be confirmed or ruled out without addi-
tional information. There is little promise for the occurrence of energy resources

in the area.

CHARACTER AND SETTING

The Paddy Creek Wilderness study area in south-
central Missouri covers 11 sq mi of the Mark Twain Na-
tional Forest in northern Texas County, and is located
about 32 mi south-southwest of Rolla. The area is
within the Salem Plateau, a physiographic subdivision
of the Ozark Mountains. The heavily timbered, rolling
uplands are dissected by Big and Little Paddy Creeks,
forming narrow, bluff-lined valleys. Paddy Creek flows
into Big Piney River just east of the study area.
Numerous caves and sinkholes, typical of karst topog-
raphy, exist in and near the study area. Maximum
elevation in the study area is 1430 ft on the west edge,
and relief is 530 ft.

The study area is located on the northwest flank of
the Ozark uplift. The rock units exposed are about
530 ft of dolomites and sandstones of Ordovician age—
from the top down, the Jefferson City Dolomite, Roubi-
doux Formation, and Gasconade Dolomite—which
through most of the area appear to be flat lying but
actually have a very gentle southwesterly regional dip.
These units are underlain by about 1200 ft of essentially
flat lying sedimentary rocks of Cambrian age, and base-
ment igneous rocks of Precambrian age. Although the
Precambrian and Cambrian rocks are not exposed at the

With contributions from E. L. Mosier, USGS.

surface in the Paddy Creek area, they are exposed in the
surrounding region and have been identified in drill
holes several miles outside the study area.

The geologic structure in most of the area appears
fairly simple; the strata have the very gentle regional
southwesterly dip of this part of the Ozark uplift. Minor
faults at the northeast edge of the area are thought to be
due to solution collapse and not of tectonic origin; how-
ever, studies of regional Precambrian basement trends
and LANDSAT imagery suggest that the study area is
at the intersection of northeast- and northwest-trending
lineaments that may reflect major structures at depth
in the sedimentary section or in the Precambrian
basement.

MINERAL RESOURCES

The resource appraisal of the Paddy Creek Wilderness
study area is based on interpretation of the local and
regional geology, analyses of stream-sediment and
panned-concentrate samples representing all the drain-
ages in the area, and examination of outcrops for visible
metallic mineralization (Pratt and others, 1981), and in
part on a recent appraisal of the resource potential of
the Rolla 1° X 2° quadrangle whose western boundary
is just 3 mi east of the study area (Pratt, 1981). No
detailed magnetic or gravity surveys of the study area
are available.
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Several of the formations that underlie the study area
are known to be the host rocks for mineral deposits in
nearby areas. The most important of these formations
are the Cambrian dolomites, which contain the lead-
zinc-silver-copper-nickel-cobalt deposits and barite-lead
(zinc) deposits of the Southeast Missouri district, and
the Precambrian igneous rocks, which contain magnetic
iron-ore deposits.

The major lead-zinc-silver-copper-nickel-cobalt
deposits of the Southeast Missouri district, whose
western border lies about 52 mi east of the study area,
are sulfide disseminations and fracture fillings occur-
ring in the Bonneterre Formation and to a lesser extent
in the Lamotte, Potosi, Eminence, Gasconade, and Jef-
ferson City Formations. In addition, large baritelead,
barite, and baritezinc deposits are common in the
Potosi and Eminence Dolomites in southeast and cen-
tral Missouri. Thus in a general sense, sedimentary
carbonate rocks anywhere in this region constitute
“favorable geologic terrane” for ore deposits of this
type. More specifically, the most important known ore
trends in the Southeast Missouri district (1) occur in
dolomite and are closely parallel to limestone-dolomite
interfaces in the Bonneterre Formation, (2) tend to be lo-
calized close to algal reefs in the Bonneterre or (3) close
to buried hills on the Precambrian surface, and (4) are in
some cases spatially related to major faults. The exist-
ence of any of these features in the Paddy Creek area
would indicate a potential for undiscovered ore deposits.
Most of these features, however, cannot be detected at
the surface, and no subsurface information is available
on the Bonneterre Formation within the study area. All
that we know or can infer as to the existence of the four
features listed is that (1) on the basis of drill holes
several miles east of the area, the Bonneterre within the
study area is more probably limestone than dolomite;
(2) algal reefs may or may not be present; (3) the pres-
ence or absence of buried Precambrian hills is not
known, but could probably be inferred from a closely
spaced aeromagnetic survey; and (4) major faults are
not present at the surface but could be present at depth.

In a recent report on resource potential of the Rolla
1° X 2° quadrangle (Pratt, 1981) “high” potential for
small base-metal deposits in the Potosi and Eminence
Dolomites was assigned to a northwest-trending ellip-
tical area centered on a drill hole 3 mi southeast of the
Paddy Creek Wilderness study area. Although the
apparent northwest extension of that elliptical area
would include the study area, this assessment of high
potential is no longer considered valid because it was
based largely on “anomalous’ amounts of molybdenum
and arsenic in drill-hole samples, and subsequent
studies in southwestern Missouri have shown that large
trace amounts of these metals are not as anomalous as
was originally believed (Erickson and others, 1981).

In summary, several formations potentially favorable
for basemetal deposits underlie the study area; the
most favorable of these, the Bonneterre Formation, can
be inferred to be present at depths of about 1200-
1450 ft below the floor of Big Paddy Creek. The resource
potential for base metals below the area cannot be ade-
quately determined at this time.

The known magnetic iron-ore deposits in the South-
east Missouri district are in Precambrian silicic volcanic
rocks and syenite. The surface of the Precambrian rocks
in the Paddy Creek area is estimated to be about
1500-1600 ft below the floor of Big Paddy Creek. The
Precambrian rocks underlying the area are thought to
be gneiss and granite, and the nearest known silicic
volcanic rocks are those exposed in the Eminence area,
some 45 mi to the southeast. Precambrian volcanic
rocks or a magnetite ore body within them would not be
indicated by any visible features at the surface. How-
ever, a magnetite ore body comparable in size to those
known in the Southeast Missouri district would be
readily detectable at or above the ground surface by a
ground or airborne magnetometer; the use of a magne-
tometer would be the most practical way to test for such
a deposit.

Although the study area is underlain by several for-
mations that contain deposits of barite in nearby areas,
the evidence from this study indicates there is little
promise for the occurrence of barite resources. The most
important barite deposits in the region are in the clayey
residuum of the Potosi and Eminence Dolomites formed
by weathering at the surface. As the Potosi and
Eminence are deeply buried beneath the surface in the
study area, there is no Potosi or Eminence residuum
and hence no potential for this type of barite deposit.
The low barium values in the panned-concentrate
samples rule out the possibility that barite deposits of
commercial interest occur in the Gasconade, Roubi-
doux, or Jefferson City Formations in the study area.

There is some potential for ‘“filled-sink” iron-ore
deposits (marcasite-pyrite-hematite) in sedimentary
rocks in the study area, but such deposits are generally
so small, and the physical properties of the iron
minerals so unsuitable to present standards for iron
ores, that they would not constitute a resource.

Both the Roubidoux Formation and Gasconade Dolo-
mite have been quarried in the region for building stone
and crushed rock. Both formations are widely exposed
in Missouri and can be quarried at more desirable
locales outside the study area. Although sand and
gravel deposits occur in the lower reaches of the major
streams, they are abundantly available outside the
study area.

There is little promise for the occurrence of energy
resources in the area. The Ozark uplift is considered to
be geologically unfavorable for oil and gas occurrence.
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The abundant plant life necessary for coal formation did
not exist until after Ordovician time and no evidence for
deposits of radioactive minerals or for geothermal-
energy sources was found in the study area.

SUGGESTIONS FOR FURTHER STUDIES

The potential for important mineral resources in the
study area cannot be confirmed or ruled out without ad-
ditional information—specifically, deep drilling within
or close to the area to test the potential for base-metal
mineralization, and detailed magnetic surveys of the
area to test for magnetic anomalies.
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stream-sediment and panned-concentrate samples
representing all the drainages in the wilderness, exami-
nation of outcrops for visible metallic mineralization,
and regional studies of subsurface geochemical patterns
(Pratt and others, 1982).

There is no mining activity within the wilderness at
present, no production has been reported, there is no
evidence of prospecting, and no mineralized rocks were
found at the surface. The area is about 12 mi from the
McDowell deposit, the nearest known deposit of base-
metal sulfides. A small prospect named the Wild Cat
mine was opened on a show of galena in the Ordovician
Cotter Dolomite about 0.5 mi east of the wilderness.
Only sand, gravel, and limestone have been produced
near the area; some quarries are within 2 mi. Except for
100 acres in the NW1/4 sec. 28, T. 23 N., R. 25 W., all
mineral rights in the wilderness have been held by the
U.S. Government since 1975. No prospecting permits
are on record.

Although the southern limit of the Tri-State zinc-lead
district lies several miles to the northwest, there is no
evidence of Tri-State type (stratabound) mineral
deposits within the wilderness. The stream-sediment
samples and panned-concentrate samples collected
within the area indicate that anomalous concentrations
of metals probably are not present in the surface forma-
tions. Analyses of galena and altered dolomite from a
small prospect just east of the area showed strikingly
low amounts of trace metals, suggesting that an exten-
sive mineralized system is not present in the area.

The foregoing observations apply to the Ordovician
and Mississippian formations that are exposed at the
surface, which represent the lowermost of the units
known to be mineralized in the Tri-State district. In the
Southeast Missouri district, some 150 mi northeast of
the study area, mineral deposits of the same type are
concentrated in the Bonneterre Dolomite of Cambrian
age, and theoretically, the Bonneterre and other car-
bonate units that underlie the Cotter Dolomite in the
study area could be favorable for zinc-lead mineraliza-
tion. Analyses of insoluble residues of subsurface Cam-
brian formations, from drill holes along a traverse that
passes about 15 mi south of the wilderness, showed
anomalous amounts of several metals in the Derby-
Doerun (of the Missouri Geological Survey), Potosi, and
Eminence Dolomites at depths of about 1500-1850 ft
below the surface (Erickson and others, 1981). This indi-
cates that metal-bearing fluids passed through these
formations over a large area, and in the light of recent
studies in the Rolla 1° X 2° quadrangle, suggests that
these Cambrian units, as well as the subsurface Ordovi-
cian carbonate units, have a probable potential for base-
metal mineral deposits in the Piney Creek area. Further
evaluation of this potential, however, cannot be accom-

plished without deep drilling to provide information on
the lithology and anomalous metal content of these
formations within or close to the study area.

In the Southeast Missouri mining district, several
major magnetic iron ore deposits of past or potential
importance occur in Precambrian rhyolitic volcanic
rocks, and each of these major deposits is marked by a
positive magnetic anomaly of at least several hundred
gammas. The high-amplitude magnetic anomaly along
the northwest side of the Piney Creek Wilderness,
together with the inferred presence of rhyolitic volcanic
rocks in the Precambrian basement, suggests the possi-
bility of a buried magnetite deposit. Because the mag-
netic anomaly is not well defined and there is no specific
data on the lithology of the basement in this area, the
only interpretation now possible is that a probable
potential exists. Further evaluation of this potential re-
quires a detailed magnetic survey and physical (drilling)
evidence of the basement lithology. If the anomaly is
indeed caused by a magnetite deposit, the deposit is
probably at a depth of at least 2100 ft below the upland
surface, and is probably at least partly outside the
boundaries of the wilderness.

The wilderness contains industrial minerals like those
readily available elsewhere in the region. Dolomite and
limestone occur within the area, but abundant supplies
are available nearby. Sand, gravel, and limestone have
been produced near the area, and at the time of this in-
vestigation, quarries about 2 mi south of the wilderness
were producing crushed stone from the Cotter Dolomite.

There is no known potential for energy resources
in the area. The Ozark uplift is considered to be geo-
logically unfavorable for oil and gas occurrence. All the
known coal-bearing strata in Missouri are of Pennsyl-
vanian age; rocks as young as Pennsylvanian are not
present in or near the study area, and in general south-
western Missouri is considered unfavorable for coal
resources. No evidence for deposits of radioactive
minerals or for geothermal-energy sources was found in
the wilderness.

SUGGESTIONS FOR FURTHER STUDIES

Core-drilling one or two holes from the valley of Piney
Creek to the Precambrian basement, a depth of about
1700-1900 ft, would obtain samples for lithologic and
trace-element analysis, which would make possible a
more specific evaluation for zinc-lead resources in the
subsurface sedimentary rocks. The possibility for
magnetite (iron ore) resources also can be definitively
tested only by drilling, but in this case the drilling
should be preceded by a detailed magnetic survey.
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ROCK PILE MOUNTAIN WILDERNESS STUDY AREA, MISSOURI

By WALDEN P. PRATT,! U.S. GEOLOGICAL SURVEY, and

CLARENCE ELLIS, U.S. BUREAU OF MINES

SUMMARY

A geologic and mineral-occurrence survey in 1977-78 of the Rock Pile Moun-
tain Wilderness study area in southeastern Missouri indicates the area has little
promise for the occurrence of energy and mineral resources. Exploratory drill
holes on private land along the west side of the area encountered no mineraliza-
tion, and none of the rocks or sediments exposed in the area contain any detect-
able evidence of significant mineralization.

CHARACTER AND SETTING

The Rock Pile Mountain Wilderness study area
covers 6.5 sq mi of the Mark Twain National Forest in
Madison County, southeastern Missouri, about 100 mi
south of St. Louis and 15 mi southwest of Frederick-
town. The study area is within the St. Francois Moun-
tains, and is centered on a northerly trending forested
ridge made up of several rounded knobs of igneous rock.
The area of Paleozoic sedimentary rocks that flank the
igneous knobs has been eroded into valleys and low
bluffs. Maximum elevation is 1305 ft on Little Grass
Mountain at the north boundary; relief is 780 ft. Cap-
tain Creek and the St. Francis River flank the west side
of the area, and Trace Creek the east side. The St. Fran-
cis River and private land restrict access from the south
and west sides. The north and east boundaries are read-
ily accessible by good USFS roads which connect with
County Highway C.

The study area is on the southeast flank of the Ozark
uplift, and is centered on a northerly trending ridge of
Precambrian rhyolite, part of a widespread volcanic
complex that underlies most of the St. Francois Moun-
tains. Reconnaissance mapping shows that the volcanic
rocks appear to be flat lying at the extreme north end of
the area and on the south slope of Rock Pile Mountain,
but locally near the north end a sequence of lava flows
several hundred feet thick dips about 50° S. Cambrian
dolomite and minor sandstone lap up onto the Precam-
brian rocks on all sides, but are well exposed at only a
few places on the west side of the study area. The Cam-
brian rocks are divided into the Bonneterre Formation
below and the Elvins Group above. The Bonneterre is
massive fine- to coarsely crystalline dolomite, and

'With contributions by R. L. Erickson, USGS.

grades upward into thin-bedded mostly finely crystal-
line and locally silty dolomite of the Elvins Group.
Throughout most of the study area the surface is
underlainby chert and drusy quartz-bearing residuum of
unknown thickness, derived by dissolution of carbonate
sedimentary rocks.

Geologic structures are limited to the erosional and
depositional features of the rocks. The Paleozoic rocks
either are flat lying or dip gently away from nearby
Precambrian knobs, reflecting initial depositional dips
which probably have been accentuated by diagenetic
compaction. No faults have been identified or inferred in
either the Precambrian or the Paleozoic rocks. With the
exception of sparsely disseminated pyrite in Precam-
brian rhyolite and quartz latite at several localities, no
signs of mineralization were seen in any of the exposed
rocks in the area.

A geochemical study was made to augment field ob-
servations. This study consisted of the collection and
chemical analysis of stream sediments from all streams
draining the area, of pan concentrates from stream sedi-
ments from the same sites, and of representative out-
cropping volcanic rocks. Results show no metal values
of unusual concentrations.

Regional gravity and aeromagnetic maps that include
the study area do not show any anomalies that indicate
mineral-resource potential.

MINERAL RESOURCES

The resource appraisal is based on interpretation of
the local and regional geology, the geochemical survey,
and examination of outcrops for visible metallic miner-
alization (Pratt and others, 1982).
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ABSAROKA PRIMITIVE AREA AND VICINITY, MONTANA

By HELMUTH WEDOW, JR.,' U.S. GEOLOGICAL SURVEY, and

D’ARCY P. BANNISTER, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource appraisal of the Absaroka Primitive Area, now a part of
the Beartooth Wilderness, during 1970-71 indicates a probable resource poten-
tial for copper-molybdenum and gold in parts of the area. An area favorable for
the occurrence of early Tertiary porphyry-type copper-molybdenum and
associated gold deposits lies northwest of Cooke City, along the Cooke City
structural sag in the Beartooth uplift. An area favorable for stratabound gold
deposits of the Homestake type is in the western part of the area, in and around
the Jardine-Crevice Mountain mining district and in lower Hellroaring Creek
valley. There is little promise for the occurrence of energy resources in the

primitive area.

CHARACTER AND SETTING

The Beartooth Wilderness of Montana and Wyoming
was created by joining the Absaroka and Beartooth
Primitive Areas and most of their surrounding study
areas with a large contiguous wilderness study area
that extended northward to the vicinity of Livingston
Peak. This wilderness thus includes most of the north-
ern part of the Absaroka Range. Geologic studies and
mineral-resource assessment of the Absaroka Primitive
Area and adjacent terrain was conducted in 1970-71;
the results were published in 1975 (Wedow and others,
1975).

The Absaroka Primitive Area comprises an area of
about 320 sq mi of which about 105 sq mi was an
original officially established primitive area in the
Gallatin National Forest. The primitive area lies in the
northern part of the Absaroka Range along the north-
ern border of Yellowstone National Park. All of its ma-
jor streams flow southward into the Yellowstone River
from peaks that attain altitudes of nearly 11,000 ft. On
the west, north, and east are small mining districts that
have been mined and prospected for gold, silver, lead,
copper, zinc, molybdenum, tungsten, and arsenic since
the 1880’s. Within the primitive area some gold was
mined at Horseshoe Mountain before the turn of the
century; claims in that area have been restaked and
prospected periodically.

'With contributions by David L. Gaskill, USGS, and Eldon C. Pattee, USBM.

Precambrian gneisses and schists, Paleozoic sedimen-
tary rocks, and igneous rocks—both extrusive and
intrusive—of Tertiary age comprise the bedrock of the
Absaroka Primitive Area. Locally extensive deposits of
various types of Quaternary debris partly conceal the
bedrock. During Precambrian time an early sequence of
sedimentary rocks was intensely folded and warped
while undergoing metamorphism. Later, Paleozoic
shales and carbonate strata, interrupted by minor un-
conformities, were deposited by shallow, intermittent,
transgressive seas. In Late Cretaceous and early Ter-
tiary time the primitive area was elevated as part of the
Beartooth uplift, a major regional structural element.
As a consequence, thick sequences of upper Paleozoic
and Mesozoic rocks, found in nearby areas, are missing
because of extensive erosion and structural denudation.
Most Tertiary volcanic vents, associated intrusive
rocks, and related mineral deposits in and near the
primitive area are along the northwest-trending Cooke
City structural sag, across the middle part of the uplift.

Several strong positive magnetic anomalies, found by
geophysical surveys, appear to coincide with the larger
Tertiary stocklike intrusive masses and several Precam-
brian intrusives. Contrasts in gravity data delineate the
Gardiner fault along the southwest side of the Bear-
tooth uplift and the contacts of the Precambrian crys-
talline core of the uplift with peripheral Tertiary
volcanics. A significant gravity high in the valley of
Hellroaring Creek, near the center of the primitive area,
suggests a mass of dense Precambrian rock, possibly
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metamorphosed iron-carbonate formation, cut off along
the Gardiner fault. A gravity low in the vicinity of Ash
Mountain, in the western part of the primitive area, is
most likely related to a volcanic vent and its associated
intrusive plug.

MINERAL RESOURCE POTENTIAL

The Absaroka Primitive Area and vicinity has a prob-
able potential for porphyry-type copper-molybdenum
and associated gold resources in a wide zone across the
northeast part of the area, and for stratabound gold re-
sources in metamorphosed Precambrian iron-formation
in the southwest part of the area.

Many of the attributes of the empirical porphyry
model (Cox, 1982) are present in, along, or near the
Cooke City structural depression, a zone about 10 mi
wide trending northwest from the vicinity of Cooke City
and Independence Peak to the Mill Creek area. Abun-
dant fracturing and numerous Laramide porphyry in-
trusive rocks are prominent features of the Cooke City
sag. The sag zone also is the locus of the large eruptive
feature of Eocene age, postulated by Rubel (1971) as the
Independence stratovolcano. The Independence volcano
conduit and its associated intrusive plugs, as described
by Rubel (1971), is a particularly favorable area for
mineralized-porphyry targets. Eruptive centers with
associated mineralized alteration zones and breccia
pipes are known elsewhere along the sag-zone trend,
namely, in the New World (Cooke City) and Emigrant-
Mill Creek districts and in the Horseshoe Mountain
area. Anomalously high metal values occur in the zone
in both stream-sediment and rock samples associated
with the intrusive bodies and altered rocks. The lack of
any significant supergene enrichment, so common to
many of the porphyry deposits of the Southwest, can be
ascribed to the extremely recent deglaciation of the
region.

The association of gold with metamorphosed Precam-
brian iron-formation, particularly with rocks derived
from the iron-carbonate facies, has long been considered
geochemically feasible (Sawkins and Rye, 1971). In the
type example at the Homestake mine, in the Black Hills
of South Dakota, gold occurs in cummingtonite or
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sideroplesite schist in veins and masses of quartz and
sparse pyrrhotite, pyrite, and arsenopyrite. The pres-
ence of quartz-cummingtonite schist in the western part
of the wilderness and the occurrence of arsenopyrite in
the gold-arsenic-tungsten ores of the Jardine-Crevice
Mountain district are indicative of a setting resembling
that at the Homestake mine. Thus, the area encompass-
ing the Jardine-Crevice Mountain district and part of
the valley of Hellroaring Creek are considered to have a
probable resource potential for gold, arsenic, and tung-
sten. The attendant clusters of geochemically anoma-
lous gold, arsenic, and boron support this classification
of the area.

SUGGESTIONS FOR FURTHER STUDIES

Further studies of the area could include detailed
mapping and sampling to analyze the potential for the
occurrence of Homestake-type gold in the Hellroaring
Ranger Station and the Jardine-Crevice Mountain
areas. Selected ground geophysical studies should
follow along with spot short-hole geologic drilling where
outcrops are few. Detailed geologic mapping, geochem-
ical sampling, and geophysical studies are needed along
the Cooke City structural sag, with particular emphasis
on the search for the study of the classic alteration zon-
ing associated with copper-molybdenum porphyry ores.
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southwest part of the wilderness. Other high-angle
northeast-trending faults were active during uplift of
the range in Tertiary time and some such as the range
front-faults on the southeast side of the wilderness con-
tinued to be active in late Tertiary and Quaternary time
when the range attained its present height.

The mineral-resource evaluation of the wilderness is
based on results of geologic mapping, a geochemical
survey, remote sensing techniques, geophysical
surveys, and the investigation of prospects (Elliott and
others, in press). In the geochemical survey samples of
rocks, stream sediments, and panned concentrates of
stream sediments were collected and analyzed. The ap-
plication of remote sensing techniques included limonite
“mapping”’ and the analysis of linear features. The
geophysical work consisted of gravity and aeromag-
netic surveys. A total of 40 prospects were examined for
the mineral survey of the wilderness.

MINERAL RESOURCES

Located in one of the most mineral-rich regions of the
Northern Rocky Mountains, the wilderness is situated
near many highly productive mining districts which
have geologic settings grossly similar to that of the
wilderness. The next range to the north, the Flint Creek
Range, contains many mining districts, including the
Philipsburg district with production of about $100
million. The “richest hill on Earth’’, Butte, with multi-
billion dollar production is about 35 mi to the east of the
wilderness, and the Pioneer Mountains, the next range
to the southeast of the wilderness, has many productive
districts and is currently the focus of much exploration
for deposits of molybdenum, tungsten, gold, and other
metals. Despite its location in a mineral-rich region,
previous exploration and prospecting in the wilderness
has resulted only in meager finds. The Barbara Ann
prospect is the only one with a record of production,
three tons of ore with a value of about $150, mainly in
silver.

Three mining districts with minor to moderate pro-
duction are situated within a few miles of or overlap the
wilderness; these are the Frogpond Basin, Moose Lake,
and Silver Lake districts. The Frogpond Basin district,
located about 5 mi northwest of the Senate mine and
west of Copper Creek, produced an estimated $23,100
mainly of lead and silver from mesothermal quartz
veins in Cretaceous granodiorite and Belt quartzite. The
Moose Lake district includes mines near Moose Lake,
the Senate mine, and about 30 prospects in the wilder-
ness which are concentrated mainly near Warren Peak
and in a belt trending south from the Senate mine.
Mines near Moose Lake have produced about $65,000,
mainly of gold, from mesothermal quartz veins in Belt

quartzite. The Silver Lake district, the center of which
is located about 6 mi north of Storm Lake at the north-
east edge of the area, has an estimated production of
about $490,000 mainly in tungsten and silver from
mesothermal fissure vein, replacement vein, and tabular
replacement bodies in Paleozoic carbonate rocks.

Areas of mineral-resource potential in the Anaconda-
Pintlar Wilderness are all located in the northern two-
thirds of the area; they include two areas with substan-
tiated potential and seven with probable potential.

The two areas with substantiated resource potential
are around the Senate mine (A, on map) and the Warren
Peak area (B). At the Senate mine a structurally con-
trolled zone of shearing, quartz veins, and replacement
of quartzite by ankerite, barite, and sulfide minerals is
present. Sparse sulfide minerals, mainly chalcopyrite,
pyrite, and galena, occur in veins and disseminated in
the wall rocks and constitute a demonstrated resource
of silver and copper. This zone extends southward into
the wilderness, and includes the Ivanhoe Lake pros-
pects where resources of silver and lead have been iden-
tified. The area has substantiated resource potential for
silver, copper, and lead. It is coincident with geochem-
ical anomalies of copper, silver, lead, antimony, molyb-
denum, and tungsten in rock samples and a zone of
highly fractured Belt quartzite. This fracturing has pro-
moted a high degree of secondary permeability and per-
mitted access by ore-forming hydrothermal fluids. In
the Warren Peak area, mesothermal fissure quartz veins
occur in a granodiorite stock and in quartzite or car-
bonate rocks which border the stock. This area has
substantiated resource potential for silver, lead, copper,
zinc, and molybdenum. Two deposits with resources of
silver, lead, and copper and several prospects occur in
the area. The area coincides with a positive magnetic
anomaly. Both the Senate mine and Warren Peak areas
are enclosed by mineralized areas of probable mineral-
resource potential. Area C encloses the Senate mine area
and extends to the vicinity of Kelly Lake and has prob-
able resource potential for silver, copper, and lead in
deposits similar to those in the Senate mine area. Area
D extends west and northeast from the Warren Peak
area and has probable resource potential for silver, lead,
copper, zinc, and molybdenum in deposits similar to
those in area B.

Other areas with probable potential for mineral
resources are the Beaverhead Mountain (E), Mount
Howe-Mount Evans (F), Lower Seymour Lake (G), One
Hundred Acre Meadow (H), and Copper Creek (I) areas.
The Beaverhead Mountain area (E) has probable re-
source potential for molybdenum, copper, silver, tung-
sten, and tin in stockwork or porphyry, vein, skarn, and
greisen deposits. The core of the area has a concentra-
tion of quartz veins with altered envelopes and several
altered rhyolite dikes, all of which cut granodiorite. The
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area is geochemically anomalous, has widespread
limonite staining related to hydrothermal alteration,
and is situated on the flank of a positive magnetic
anomaly. The Mount Howe-Mount Evans area (F) has
probable resource potential for molybdenum and copper
in vein and stockwork or porphyry deposits. Geochem-
ical anomalies in many elements occur in contact
metamorphosed Belt quartzite and argillite adjacent to
monzogranite and granodiorite stocks. The area has an
abundance of porphyry dikes, several quartz veins, and
locally intense limonite staining and is situated on the
flank of a positive magnetic anomaly. In the Lower
Seymour Lake area (G) a poorly exposed zone of shear-
ing, alteration, and veining in granodiorite is geochem-
ically anomalous in many elements. This area is on the
flank of a positive magnetic anomaly. It has probable
resource potential for molybdenum, silver, and tungsten
in stockwork or porphyry deposits. The One Hundred
Acre Meadow area (H) has probable resource potential
for silver, tungsten, and copper in vein and replacement
deposits in Paleozoic carbonate rocks. This area con-
tains prospects in the wilderness and known deposits
outside, but near the boundary. Favorable factors in-
clude the occurrence of highly fractured host rocks and
location on flank of positive magnetic anomaly. The
Copper Creek area (I) has probable resource potential
for gold in placer deposits in alluvium, glacial till, and
outwash along a stream valley. The stream drains an
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area with metal-bearing veins and several panned con-
centrate samples from the stream bed contain anoma-
lous gold values.

SUGGESTIONS FOR FURTHER STUDIES

Further studies are recommended for three areas; the
Warren Peak (B) and surrounding area (D) and the
Lower Seymour Lake area (G). The Warren Peak area
and area extending out from it are recommended for
detailed geochemical studies and geologic mapping. The
presence of several zones of limonitic staining needs to
be investigated further. In the Lower Seymour Lake
area, glacial till surrounds and partially covers the
mineralized zone. Drilling is required to assess the
resource potential of this promising zone.
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have been eroded from most of the uplifted block within
the Beartooth area but occur around the borders where
they locally are upturned steeply against the boundary
faults. Subsequent regional uplift, perhaps a few million
years ago, initiated the erosion period during which the
present rugged topography was carved by streams and
glaciers.

A geochemical study of the Beartooth area was based
on spectrographic and chemical analysis of samples of
rocks and stream sediments by the USGS, and on ex-
amination and sampling of prospects, mining claims, or
mineral occurrences by the USBM. An aeromagnetic
survey provided additional information on the geology
and mineral resources.

Except for a few hundred tons of chromite ore from
the Red Lodge district and possibly a few tons of copper
ore from the Cooke City district, no minerals have been
produced from the Beartooth area. Mineral production
from districts adjoining the area comprises about
$4 million in gold, silver, copper, lead, and zinc from the
Cooke City district; about $600,000 in chromite ore
from the Red Lodge district; 1 million tons of low-
quality chromite concentrate from the Stillwater dis-
trict; and a small amount of gold, silver, copper, and
lead from the Independence district.

MINERAL RESOURCES

Most of the prospects, mining claims, or mineral oc-
currences that were examined are in the Goose Lake
basin part of the Cooke City district and in the Red
Lodge district. The rest are widely scattered and are
mainly narrow veins or shear zones containing quartz,
iron oxide, and traces of copper, gold, lead, or silver.

In the Goose Lake basin part of the Cooke City dis-
trict, the Copper King claim has a deposit of copper,
silver, gold, and platinum-group elements. This deposit,
at the north end of Goose Lake, is in and near a body of
syenite (quartz-poor granite) 4000 to 5000 ft across that
intrudes gneiss. It has been explored by a shaft 60-
100 ft deep (now flooded to the level of the surface of
Goose Lake), at least 11 diamond-drill holes, and numer-
ous small surface workings, but no work is currently
being done. At least one drill hole found mineralized
rock containing copper, gold, and silver, and some rock
removed from the shaft contains gold, silver, copper,
and platinum-group elements (platinum and palladium)
disseminated and in veinlets. This area has a substanti-
ated mineral-resource potential.

The Red Lodge mining district extends a short way
into the eastern edge of the study area where chromite
in small masses of ultramafic rock occur in granitic
gneiss. Several prospect pits and trenches have exposed

a chromite-bearing zone that is estimated to contain
25,000 tons of demonstrated chromite resources averag-
ing 11.3 percent Cr,O;. From data collected in this study
it was determined that the area around the Red Lodge
district has a probable resource potential for chrome.

Elsewhere in the Beartooth area, little evidence of
mineral deposits was found. Although anomalous
amounts of one or more elements were found in many
samples (particularly chromium, cobalt, copper, gold,
lead, molybdenum, nickel, and silver), most of the
sanples appear to represent only very local concentra-
tions of that element rather than extensive mineraliza-
tion. In certain stream-sediment samples, anomalous
amounts of various elements reflect the presence in the
corresponding drainage basins of metal-rich rocks of the
Stillwater Complex (chromium, cobalt, copper, and
nickel) and of the Cooke City district (copper, lead,
molybdenum, silver, and zinc).

Except for mafic dikes, few intrusive rocks younger
than the metamorphic rocks were recognized, nor were
any large areas or volumes of altered rock seen; both of
these features are typically associated with mineral
deposits in the Rocky Mountains. In many places, rock
outcrops are iron stained and appear to be altered, but
upon examination the rusty color seen is the result of
very thin films of iron oxide apparently derived largely
from the oxidation of biotite, an iron-rich mica con-
tained in the rocks.

The lack of sedimentary rocks in the Beartooth area
precludes the existence of mineral deposits typically
associated with them, such as clay, gypsum, limestone,
and phosphate rock. No coal-, petroleum-, or natural
gas-bearing rocks are known within the area, and the
likelihood of their occurrence at accessible depth
anywhere beneath the area is very remote. No indi-
cators of potential geothermal energy—hot springs or
geysers, or very young volcanic rocks—are found in the
area.

SUGGESTIONS FOR FURTHER STUDIES

The Copper King deposit at Goose Lake has been ex-
plored repeatedly both on the surface and underground,
but the extent and grade of the mineralized rocks are
still not well known. Inasmuch as little new information
can be gained by further surface studies, additional ex-
ploration would require subsurface methods, such as
diamond drilling. However, the area is remote, access is
difficult, Goose Lake basin is free from snow for only
about 2 months in the summer, and the water table is
shallow, about at the level of the surface of Goose Lake;
these combined factors apparently have discouraged ex-
ploration in recent years.
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BIG SNOWIES WILDERNESS STUDY AREA AND
CONTIGUOUS ROADLESS AREAS, MONTANA

By DAVID A. LINDSEY, U.S. GEOLOGICAL SURVEY, and

FRANCIS E. FEDERSPIEL, U.S. BUREAU OF MINES

SUMMARY

A mineral survey published in 1982 determined that the Big Snowies
Wilderness study area had little promise for the occurrence of mineral or fossil
fuel resources. This assessment was based on consideration of geologic en-
vironments where minerals and fossil fuels might be expected, on geochemical
and geophysical surveys of the study areas, and on examination of claims and

prospects.

CHARACTER AND SETTING

The Big Snowies Wilderness study area and con-
tiguous roadless areas cover about 195 sq mi of Lewis
and Clark National Forest in the Big Snowy Mountains
in central Montana. Rising to an elevation of more than
8000 ft, the crest of the range is broad, near timberline,
and sparsely forested; the flanks of the range are deeply
dissected by valleys that resemble those cut by glaciers,
but probably owe their origin to landslides and erosion
by streams. The study area can be reached by auto via
gravel roads. From the north, it is about 25 mi by road
from Lewiston; from the west, about 10 mi from Judith
Gap; and from the southwest about 30 mi from Harlow-
ton. Trails enter the area from both sides and are con-
nected by a trail that runs along the crest of the range.

Four areas were studied in the Big Snowy Mountains;
these are (1) the Big Snowies Wilderness study area;
(2) the Snowies Roadless Area; (3) the Half Moon Road-
less Area; and (4) the Green Pole Canyon Roadless Area.

The Big Snowy anticline is the dominant geologic
structure of the study areas in the Big Snowy Moun-
tains. A small area of Precambrian sedimentary rocks is
exposed in the anticlinal core, large areas of Paleozoic
sedimentary rocks crop out high in the mountains, and
Mesozoic sedimentary rocks encircle the mountains.
The steep south limb of the anticline is broken by a fault
where it descends into the Wheatland syncline south of
the mountains, and the anticline is traversed by a north-
westerly trending zone of faults interpreted to overlie a
deep shear zone. The anticline was formed by regional
tectonic stress and does not contain intrusive rocks.

None of the geologic features of the study areas is
known to be associated with significant mineral or fuel
deposits. Geophysical and geochemical anomalies that
might indicate buried deposits were not found in the
study areas.

MINERAL RESOURES

There are only a few claims and prospects in the study
areas. No patented claims and no production has been
reported from the areas. Geochemical analyses of sparse
veins from prospects showed virtually no values for any
metals. Various geologic settings were investigated for
potential for base and precious metals, uranium, gyp-
sum, high-calcium limestone, oil and gas, oil shale, and
coal; based on available evidence, there is little or no
promise for deposits of any of these resources within the
study area (Lindsey and others, 1982). Metalliferous
shales reported recently from central Montana (Desbor-
ough and others, 1981) are located mostly outside the
study areas.

SUGGESTIONS FOR FURTHER STUDIES

Seismic-reflection studies across the Big Snowy an-
ticline are recommended to better assess the nature and
magnitude of offset along the faulted southern flank of
the anticline. In geologic and geophysical studies of the
areas, it was concluded that the magnitude of fault off-
set was small (Lindsey, 1980; Long, 1981). The degree to
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BLUE JOINT WILDERNESS STUDY AREA, MONTANA, AND
BLUE JOINT ROADLESS AREA, IDAHO

By KAREN LUND, U.S. GEOLOGICAL SURVEY, and

JOHN R. BENHAM, U.S. BUREAU OF MINES

SUMMARY

During field studies of the Blue Joint Wilderness Study Area, Montana, and
the Blue Joint Roadless Area, Idaho, in 1979, areas of substantiated resource
potential for epithermal precious-metal vein deposits were identified in areas of
hydrothermal alteration and fossil hot springs activity in the Eocene volcanic
rocks. Areas with substantiated resource potential for cobalt, copper, silver, and
barite resources of the sediment-hosted type were identified in the Proterozoic
quartz schist of the eastern part of the area. Probable potential exists for
molybdenum in a porphyry system; anomalously high molybdenum values are
coincident with high values for precious and base metals and uranium in some
places. The geologic terrane precludes the occurrence of fossil fuel resources.

CHARACTER AND SETTING

The study area is located in the southern Bitterroot
Mountains 90 mi south of Missoula, Montana, and con-
tains the Blue Joint Wilderness Study Area (96 sq mi),
Ravalli County, Montana, and the Blue Joint Roadless
Area (31 sq mi), Lemhi County, Idaho. Both areas were
examined by the USGS but only the Montana portion
has been studied by the USBM.

The study area is located in the southeastern part of
the Bitterroot lobe of the Idaho batholith. Most of the
area is underlain by the Painted Rocks pluton (Eocene)
which intrudes the Idaho batholith (Cretaceous) and its
metasedimentary and metaigneous roof rocks. Middle
Proterozoic metasedimentary rocks are made up of pure
to feldspathic quartzite, phyllite, and quartz schist.
Bedded copper sulfides, bedded barite, and banded iron-
formation locally occur within the quartz schist. These
metasedimentary rocks are tentatively correlated with
the Big Creek and Yellowjacket Formations of east-
central Idaho. Metaigneous complexes of amphibolite,
granodiorite gneiss, and granite augen gneiss intrude
some of the Middle Proterozoic metasedimentary rocks.
Tertiary volcanic and volcaniclastic rocks include
rhyolitethyodacite and andesite. Volcaniclastic rocks
include conglomerates with volcanic and quartzite cob-
bles and tuffaceous lake sediments. Hydrothermal ac-
tivity has affected most of the volcanic rocks; there is a
widespread, weak alteration of rocks and local hot

springs deposits can be recognized. The Painted Rocks
pluton of Eocene age is predominantly granite, and is
cut by slightly younger rhyolite porphyry, granite por-
phyry, and andesite dikes. Pink granite occurs north of
Blue Joint Creek and may be genetically related to the
overlying volcanic rocks. Gray granite occurs south of
Blue Joint Creek. Quaternary alluvium and older glacial
moraine and minor glacio-lacustrine deposits are found
along the major streams within the study area.

Folded and thrusted stacks of Middle Proterozoic
metasedimentary and metaigenous rocks are broken by
predominent north-northeast trending normal faults
associated with uplift of the Idaho batholith and intru-
sion of the Painted Rocks pluton. These fault offsets
allowed preservation of Tertiary volcanic rocks in down-
dropped blocks and formed the north-northeast fracture
system along which Eocene dikes were intruded.

There have been 40 mining claims located in the study
area; of these, 15 were lode, 23 were 160-acre placer, and
2 were 20-acre placer. Only one claim, the Woods Creek
Barite No. 1 was active at the time of the survey. There
are no patented claims or mineral or energy leases in the
study area.

The Blue Joint district along Blue Joint Creek is the
only mining district extending into the study area. Ac-
tivity in the district began in 1898 when a group of ten
prospectors located seven 160-acre placer claims. From
1898 to 1934, 15 or more 160-acre placers were located
along Blue Joint Creek. Examination of these claims
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revealed only a few prospect trenches and pits. There is
no record of production.

Other placer workings and prospects outside the Blue
Joint placer district but inside the study area are the
Chicago, Last Chance, and Gold Bar placer claims. Ex-
amination of lode claims revealed only a few prospect
pits and trenches with no evidence of production.

MINERAL RESOURCES

Five areas within the study area have substantiated
mineral-resource potential. Area A, near Bare Cone
Lookout, is underlain by pink granite of the Painted
Rocks pluton and is characterized geologically by
hydrothermal pyrite-sericite alteration, quartz veining,
and brecciation. A fluorite prospect (Thunderhead
claim) in the Bare Cone alteration area opened fluorite
veins in a rhyolite dike. An anomalous element suite
was detected and includes beryllium, silver, molyb-
denum, zinc, arsenic, gold, tungsten, mercury, uranium,
bismuth, and fluorine. The last 10 elements of the suite
have anomalously high values in this area and represent
a favorable association for precious-metal deposits. The
element assemblage and geologic environment indicate
that this area has a substantiated mineral-resource
potential for gold-silver deposits of the epithermal, hot
springs type. The first five elements of the anomalous
element suite, the fluorite veins, and the pyrite-sericite
alteration of the granitic host rock indicate a probable
mineral-resource potential in area A for a stockwork
molybdenum system.

Area B, in the drainage of Jack the Ripper Creek, is
underlain by Eocene rhyolitic to dacitic flows and tuffs.
Sinter deposits are evident, and quartz veining and
hydrothermal alteration are also present. Gold, silver,
molybdenum, tungsten, zinc, mercury, uranium,
arsenic, bismuth, and fluorine have anomalously high
values in this geologic environment and indicate a
substantiated resource potential for epithermal
precious-metal hot spring-type deposits.

Area C, at Steep Hill, is also in Eocene rhyolitic to
dacitic flows and tuffs. This area is characterized by
quartz veining, intense zones of pyrite-sericite altera-
tion, and brecciation. An anomalous element suite of
gold, silver, molybdenum, arsenic, mercury, uranium,
zine, tungsten, bismuth, fluorine, lead, and lithium was
detected. The first 10 elements of this suite, and the
geologic setting indicate a substantiated resource
potential for precious metals. This element suite and
notably high molybdenum values from rock samples,
the alteration mineralogy, and the quartz veining pres-
ent suggest that this area also has a probable mineral-
resource potential for molybdenum in a fluorine-poor
stockwork system.
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Although no precious-metal lode prospects have been
located in the study area, placer claims are present in
Blue Joint Creek and near the mouths of Deer, Chicken,
and West Creeks (Last Chance, Gold Bar, and Chicago
placers). The fine flakes of gold recovered from these
placers probably come from mineralized rock in the
Eocene volcanics and Tertiary granites. The placers pro-
vide indications of mineralization in the source areas (A,
B, and C); but the areas of the placers are not them-
selves regarded as having resource potential.

In area D, in the middle fork of Reynolds Creek, high
values for molybdenum and associated tin, tungsten,
uranium, and fluorine in a zone of pyrite-sericite-
carbonate alteration indicate probable mineral-resource
potential for molybdenum in a stockwork system, even
though no younger mineralizing intrusive has yet been
recognized in this area. Coincident high gold values are
most likely associated with the base-metals assemblage.
Anomalous uranium values in stream-sediment and
water samples spatially coincide with the areas of high
base- and precious-metal values and suggest a probable
resource potential for uranium.

Area E, on the north side of Horse Creek, also has
anomalous uranium values in stream-sediment and
water samples in areas of high base- and precious-
metals values, and a probable resource potential for
uranium is inferred.

Two outcrop areas of Middle Proterozoic quartz
schist (F, G) in the southeastern part of the Blue Joint
Wilderness Study Area, Montana, have high copper,
silver, cobalt, and barium values. Regional correlations
indicate that the quartz schist may be part of the Mid-
dle Proterozoic Yellowjacket Formation which hosts the
cobalt-copper-silver deposit at Blackbird, Idaho. The
Copper Canyon mine north of Woods Creek and 1.5 mi
outside of the study area is characterized by stratiform
and remobilized chalcopyrite and bornite. A bedded
iron-formation is associated with it. Bedded tourmaline
quartzite and tourmaline breccia are found within the
quartz schist between Chicken and Deer Creeks. The
geochemical and geological evidence indicate these
areas have substantiated resource potential for
sediment-hosted deposits of the Blackbird cobalt-
copper-silver type.

An area of substantiated bedded barite resource
potential (of drilling mud quality) occurs at the southern
edge of the study area near the Woods Creek barite
claim.

SUGGESTIONS FOR FURTHER STUDIES

More detailed mapping and geochemical sampling in
the areas with potential for mineralization are war-
ranted by the positive indications found in this study.









CABINET MOUNTAINS WILDERNESS, MONTANA

By DAVID A. LINDSEY,! U.S. GEOLOGICAL SURVEY, and

D'ARCY P. BANISTER, U.S. BUREAU OF MINES

SUMMARY

The results of a mineral survey published in 1981 of the Cabinet Mountains
Wilderness indicate areas of probable and substantiated resource potential for
copper, silver, lead, zinc, and gold. No potential for other metals or energy
resources was identified in this survey. The mineral-resource potential of the
area was evaluated by interpretation of geologic mapping, geochemical,
geophysical, and gravity surveys, and by examination of mines and prospects;
these studies were conducted from 1972 to 1974. Exploration by private in-
dustry since 1960 has resulted in discovery of significant copper-silver deposits

in and adjacent to the wilderness.

CHARACTER AND SETTING

The Cabinet Mountains Wilderness covers about
150sq mi in the Kootenai and Kaniksu National
Forests, Lincoln and Sanders Counties, northwestern
Montana. The wilderness extends 34 mi along the crest
of the eastern part of the Cabinet Mountains; its aver-
age width is about 4 mi. The crest of the range has an
altitude of more than 7000 ft and is extremely rugged
and scenic. It contains many high basins and deep
valleys carved by glaciers during the ice age. Timberline
is at about 7000 ft, and forests are dense below that
altitude. Access to the wilderness is by U. S. Highway
2, which passes through the town of Libby, by State
Highway 200 along the Clark Fork River, and by State
Highway 202 along the Bull River. Good gravel roads
extend along some streams nearly to the wilderness
boundary. Many trails extend over the crest of the
range where they connect with trails from the other
side.

Most of the wilderness is underlain by more than
27,000 ft of Precambrian Belt sedimentary rocks ac-
cording to studies conducted in 1972-74 (U.S. Geo-
logical Survey and U.S. Bureau of Mines, 1981). The
Revett Formation, a thick quartzite unit in the middle
of the sequence of sedimentary rocks, crops out exten-
sively in the southwestern part of the area, where it is
an important host for copper-silver deposits (area 1 on
map). Stocks and minor dikes of igneous rock of Creta-
ceous age intrude the sedimentary rocks. Although

'With contributions from John D. Wells, USGS.

similar intrusions are mineralized in other areas, the ig-
neous rocks of the Cabinet Mountains Wilderness do
not appear to contain mineral deposits. The Precam-
brian rocks have been folded and faulted along a north-
northwest trend. Some of the faults, particularly the
Snowshoe and Rock Lake faults, were important in
localizing mineralization.

MINERAL RESOURCES

Five areas of mineral potential in and adjacent to the
Cabinet Mountains Wilderness have been identified by
geologic mapping, geophysical and geochemical
surveys, and detailed examination of mines and known
mineral occurrences. These are (1) an area of copper- and
silver-bearing beds in the Revett Formation, (2) an area
of lead, zinc, and silver veins and geochemical anomalies
along the Snowshoe fault, (3) an area of gold-bearing
quartz veins along the Rock Lake fault, (4) an area of
small mineral occurrences and low-level silver anomalies
in soil in the northern part of the wilderness, and (5) an
area of scattered gold- and sulfide-bearing quartz veins
southeast of but adjacent to the wilderness. The first
three of these areas have substantiated mineral-
resource potential, whereas the last two areas are con-
sidered to have probable mineral-resource potential,
based on mineral occurrences and other features. No
mineral production has been recorded from the Cabinet
Mountains Wilderness, although much has been pro-
duced nearby. County records show that about 300
mining claims have been located within and along the
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boundary of the wilderness; there are no patented
claims within the wilderness.

Exploration by private industry since 1960 has
resulted in the discovery of deposits of disseminated
copper and silver in quartzite beds of the Revett Forma-
tion at several localities in northwestern Montana. One
of these is along the wilderness boundary (area 1 on
map). Exploratory drilling just outside the wilderness
boundary has revealed that an area of about 0.5 sq mi
contains 4 million tons of demonstrated resources with
an average grade of 0.86 percent copper and 1.8 oz
silver/ton, and demonstrated resources of 20.6 million
tons averaging 0.29 percent copper and 0.4 oz silver/ton.
Projection of the copper-bearing strata into adjacent
terrane indicates that there is an area of approximately
10 sq mi that contains a substantiated mineral-resource
potential for copper and silver, much of it in the
wilderness.

Mines along the east side of the wilderness are
associated with generally narrow and discontinuous
veins in and near the north-trending Snowshoe fault
(area 2 on map). Geochemical anomalies outline an area
of mineralized rock located mostly just outside the
wilderness that has substantiated lead, zinc, and silver
resource potential. One part of the area, located astride
the wilderness boundary, has demonstrated resources of
500,000 tons of rock containing lead, zinc, and silver.

An area of gold-bearing veins with substantiated
mineral-resource potential associated with the Rock
Lake fault (area 3 on map), such as those at the
Heidelberg mine, may extend into the wilderness.
There is a possibility of finding such veins in the
wilderness.

An area of small mineral occurrences (copper, silver,
and tungsten) and widespread low-level silver
anomalies is located in the northwestern part of the
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wilderness (area 4 on map). This area is tentatively
rated as having probable mineral-resource potential.
The low-level anomalies there are probably derived
from small copper-silver occurrences in Precambrian
sedimentary rocks; such occurrences belong to a class
of deposits known to be of small size.

Gold is widespread in veins and placers southeast of
the wilderness (area 5 on map), but this area does not
extend far into the wilderness. The volume of gold-
bearing rock in most veins is probably small and the
area has a probable mineral-resource potential.

Neither petroleum nor coal nor any evidence of geo-
thermal energy exists in or near the wilderness; the
geologic terrane is not favorable for the occurrence of
these resources.

SUGGESTIONS FOR FURTHER STUDIES

Further studies of value in assessing the resource
potential of the Cabinet Mountains Wilderness should
be concentrated on understanding the processes that
form and localize the copper-silver deposits found in
Precambrian sedimentary rocks there. Such deposits
occur throughout a large area of northwestern Mon-
tana adjacent to the Cabinet Mountains Wilderness;
studies of their origin are needed both for assisting
exploration and for assessing their liklihood of
occurrence.
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mineral-resource potential of the study area was deter-
mined in a joint USGS/USBM investigation (Witkind
and others, 1981). Geophysical surveys were made and
published by Martin (1982).

MINERAL DEPOSITS

Almost all inineral deposits of interest are in the
Eastern Centennial Mountains; structures favorable for
the accumulation of oil and gas may underlie the West-
ern Centennial Mountains and the west edge of the
Eastern Centennial Mountains.

As no known base- or precious-metal deposits occur in
the area, it was decided that the most feasible way to
assess the mineral potential of the mountains was to
conduct a geochemical survey by sampling stream sedi-
ments. The results of the sampling suggest that there is
little promise for the occurrence of base or precious
metals at or near the surface within the study area.
Semiquantitative spectrographic analyses of the sedi-
ment samples did not detect any gold or silver, and
although chromium, copper, lead, molybdenum, nickel,
tin, vanadium, and zinc were detected, the amounts
were not above those expected in the rocks of the area.

Placer gold reportedly was found near the mouth of
Odell Creek (Lyden, 1948). Sampling during this in-
vestigation did not find any gold at this locality.

Deposits of nonmetallic minerals occur in the area,
but phosphate is the only nonmetallic mineral of in-
terest. Although about 296,000 tons of phosphate was
mined from open pits during the period 1956 to 1958,
the mines have been closed for many years. Large
amounts of phosphate, contained within the Phosphoria
Formation of Permian age, still underlie the area.

In the Centennial Mountains, the phosphate-bearing
Phosphoria Formation consists of a complex series of in-
terfingering units. Of these, only two contain phos-
phate, the Meade Peak Member and the Retort Shale
Member, and of these only the Meade Peak Member
contains minable amounts. The Meade Peak Member
ranges in thickness from 0 to 15 ft, but it averages 14 ft.
At a few localities, the entire member is a single bed
composed of phosphatic pellets, nodules, and shell frag-
ments. More commonly, it consists of two beds of
bluish-white (the so-called ‘“‘phosphate bloom”) phos-
phate rock separated by a lenticular bed of light-brown
calcareous silty dolomite. The lower phosphate bed is
extremely lenticular; its thickness changes abruptly,
ranging from about 0.5 ft to as much as 7 ft, but it
generally averages 3-4 ft. It consists of oolitic to
pisolitic pellets and nodules of phosphate cemented by

carbonate-fluorapatite. The upper phosphate bed
closely resembles the lower phosphate bed in appear-
ance and composition. This upper phosphate bed ranges
in thickness from about 1.5 to 5 ft, but commonly, is
about 3 ft thick. Both the upper and lower phosphate
beds have been mined in the past.

The Retort Shale Member is dark-gray to black and
ranges in thickness from 15 to 20 ft. It consists of a
basal, thin-bedded, carbonaceous shale and shaly silt-
stone rich in phosphatic oolites, overlain by a dark-
brown, thin-bedded, banded siltstone with some shale
interbeds. The phosphate in the basal phosphate-rich
carbonaceous shale is contained in several very thin
ooliterich beds; each oolite, composed of carbonate-
fluorapatite, is embedded in a matrix of phosphatic silt-
stone. The overlying dark-brown siltstone is virtually
barren of phosphate.

Demonstrated phosphate resources within the areas
of subtantiated phosphate potential are estimated to be
395,012,000 tons of acid-grade (greater than 31 percent
P,0,) rock, or 635,595,000 tons of furnace-grade (greater
than 24 percent P,0O;) rock, or 828,543,000 tons of
beneficiation-grade (greater than 18 percent P,O,) rock.
It is important to recognize that in the determination of
the furnace-grade and the beneficiation-grade resources
a cumulative method has been used. In essence, re-
sources of furnace-grade rock include acid-grade
amounts; resources of beneficiation-grade rock include
both acid-grade and furnace-grade amounts. Probable
byproducts derived from processing the phosphate in-
clude vanadium, chromium, uranium, silver, fluorine,
and the rare earths, lanthanum and yttrium.

A thin bed of coal is found in the Western Centennial
Mountains. Its grade, lenticularity, difficulty of access,
and distance from railheads suggests that it cannot be
considered a resource. Sources of building stone are in
the study area, but localities are difficult to reach and
are far from railheads. Pumiceous ash is near the west
end of the Western Centennial Mountains, but here, too,
access is difficult and railheads are distant. Geothermal
springs are not known to occur in the area.

Two areas of probable resource potential for oil and
gas are present and two structures are of interest: the
Peet Creek anticline, a structure buried beneath a
thrust(?) plate at the west end of the Western Centen-
nial Mountains, and the Odell Creek anticline at the
west end of the Eastern Centennial Mountains.

SUGGESTIONS FOR FURTHER STUDIES

Additional exploration work can better delineate the
extent of the concealed phosphate deposits.
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DOLUS LAKES ROADLESS AREA, MONTANA

By JAMES E. ELLIOTT, U.S. GEOLOGICAL SURVEY, and

DALE W. AVERY, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Dolus Lakes Roadless Area in southwestern Mon-
tana, was conducted by the USGS and USBM in 1981-82. Much of the roadless
area has probable and substantiated potential for resources of gold, silver,
molybdenum, and tungsten. The nature of the geologic terrain indictates that
there is little promise for the occurrence of coal, oil, gas, or geothermal

resources.

CHARACTER AND SETTING

The Dolus Lakes Roadless Area is located in moun-
tainous terrain of southwestern Montana, about 35 mi
northwest of Butte and 12 mi west of Deer Lodge. The
area is about 14 sq mi in Powell and Granite Counties
and is part of the Deer Lodge National Forest. The
roadless area lies adjacent to the Flint Creek Range
Wilderness study area and is separated from it by a nar-
row corridor along Rock Creek, and forms the northeast-
ern part of the Flint Creek Range, an impressive range
of mountains on the west side of Deer Lodge valley that
can be viewed by the traveler from Interstate 90 be-
tween Deer Lodge and Butte. Altitudes in the roadless
area range from 6200 to 9359 ft. The topography of the
roadless area is dominated by a horseshoe-shaped
mountain mass, open to the east, that includes Pikes
Peak, the highest point in the area. The center of this
horseshoe is occupied by a valley containing the east-
flowing Dolus Creek and the three Dolus Lakes. Peaks
and ridges in the roadless area are above timberline but
the lower slopes and stream valleys are tree and brush
covered.

The southern part of the roadless area is drained by
Rock Creek and the northern part is drained by Pikes
Peak Creek. Gravel and dirt roads provide access to the
eastern and northern borders of the roadless area and
rough jeep trails follow the southern border and provide
access to the western boundary.

Biotite granodiorite of the Royal stock is the principal
rock type exposed in the roadless area. This pluton, of
probable Cretaceous age, is in contact with sedimentary
rocks of Paleozoic and Mesozoic age in the eastern part

and to the north of the roadless area. To the south, con-
tacts between the Royal stock and granite of the Mount
Powell batholith and the stock and Helena Formation, a
carbonate sequence of Proterozoic age, are concealed by
glacial till in the valley of Rock Creek. Paleozoic
sedimentary rocks that are exposed in or adjacent to the
roadless area are mostly carbonates with lesser
amounts of quartzite, siltstone, and shale that were
deposited during the Cambrian, Mississippian, Penn-
sylvanian, and Permian Periods. Mesozoic rocks of the
Jurassic and Cretaceous Periods also occur and consist
of sandstone, siltstone, shale, limestone, and con-
glomerate. In many parts of the roadless area, particu-
larly in valleys and along the mountain front on the east
side the igneous and sedimentary rocks are concealed by
deposits of glacial till, the product of two stages of
glaciation.

The roadless area lies within the Sapphire thrust
system, a major structural element of western Mon-
tana, in which the sedimentary rocks are strongly
deformed by folding and thrust faulting. This deforma-
tion occurred during the Cretaceous Period just prior to
the intrusion of igneous rocks such as the Royal Stock.
Structures typical of this deformation are exposed on
Emery Ridge to the north of the roadless area where
five thrust faults and a recumbent anticline have been
mapped. Thrust faults in the sedimentary section are
also exposed in the eastern part and just to the south of
the roadless area. A normal fault is also exposed in the
east where Jurassic rocks have been faulted down
against Mississippian limestone. Prominent jointing ac-
companied by minor shearing along a northwesterly
trend and dipping to the southwest is evident in the
Royal stock.
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MINERAL RESOURCES

The mineral-resource evaluation of the roadless area
is based mainly on geologic mapping, a geochemical
survey, and investigation of prospects (Elliott and
others, in press). Little geophysical work was done; the
area is covered by a regional gravity survey (J. H.
Hassemer, unpub. data) and an aeromagnetic survey
(Douglas, 1973). The geochemical survey of the area
consisted of the collection and analysis of rocks, stream
sediments, and panned concentrates from stream sedi-
ments. A total of 30 mines and prospects were investi-
gated including 22 within the boundaries of the area and
8 located within 1 mi of the roadless area boundary.

The roadless area is situated in one of the richest
mineral producing regions of Montana. There are about
15 mining districts in the Flint Creek Range with an ag-
gregate production estimated to be approximately $120
million; the richest of these is the Philipsburg district
with a production of about $100 million. Many of the
districts are located in sedimentary rocks near or at con-
tacts with plutonic igneous rocks.

Two districts either overlap or lie close to the north-
ern boundary of the roadless area; these are the Pioneer
and Rose Mountain (Gold Creek) districts. The lower
section of Gold Creek, a part of the Pioneer district, is
credited with having the first discovery of placer gold in
Montana, in 1852 by Francois Finlay (Lyden, 1948). The
Pioneer district which also includes Pioneer Creek and
the lower part of Pikes Peak Creek eventually produced
about $7 million in gold. Presumably much of the gold
occurring in placer deposits in Pikes Peak Creek had its
source in veins in the roadless area which were
weathered and eroded from a higher level than that
presently exposed.

The majority of mines and prospects studied are
along the northern border of the roadless area and are
part of the Rose Mountain district that extends to the
northwest. This district has produced about $100,000,
about half of which was of gold from placers in the up-
per sections of Gold Creek. The remainder was from lode
deposits, principally narrow gold- and silver-bearing
quartz veins. Two mines adjacent to the roadless area,
the John G. Carlisle and Independence mines had small
production, mostly in gold and silver. The value of pro-
duction from both was about $12,500.

Two areas (A and B, on map) have substantiated
mineral-resource potential. Area A includes several
prospects and small mines, two of which have 57,000
tons of demonstrated or inferred resources of gold and
silver. The deposits are northwesterly trending narrow
quartz veins and mineralized shear zones that parallel
the principal attitude of joints and minor faults in the
granodiorite. The mineralized zones and veins are nar-
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row and discontinuous. Anomalously high amounts of
gold and silver in rock samples and the occurrence of
favorable faults and quartz veins indicate substantiated
potential for the occurrence of more deposits of the
same type. Anomalously high values of molybdenum,
copper, tungsten, and bismuth in several rock samples
suggests the possible occurrence of stockwork molyb-
denum deposits at depth in this area.

Area B includes the BM-COR prospect, where drilling
in 1976 has indicated the presence of a 6 million ton
inferred molybdenum resource in a quartz-pyrite stock-
work vein system. The area was held by Houston Inter-
national Minerals Corporation in 1981 and exploration
was continuing. To the southeast and outside of the
roadless area, another stockwork molybdenum zone was
being investigated in 1981 (Erickson and others, 1981).
Area B has substantiated potential for stockwork
molybdenum and quartz vein gold-silver deposits based
on the occurrence of demonstrated or inferred resources,
prospects, favorable geology, and anomalously high
amounts of molybdenum, gold, silver, and other metals
in rock, stream sediment, and panned concentrate
samples from the area.

Based on the occurrence of prospects, geochemical
anomalies, and favorable geology, area C has probable
potential for the occurrence of mesothermal gold-silver
veins and stockwork molybdenum deposits similar to
those in areas A and B. In addition, area C has a prob-
able potential for skarn tungsten resources similar to
prospects in Finlay Basin, approximately 4 mi to the
southwest of the roadless area, where exploration has
identified about 1 million tons of tungsten resources
(Erickson and others, 1981). The skarn tungsten
deposits are found in the contact zone between the
Royal stock and Paleozoic carbonate rocks. A geologic
setting very similar to that in Finlay Basin occurs in
two parts of area C, at the northeast corner of the
roadless area in the valley of Pikes Peak Creek and at
the eastern edge along the lower part of Dolus Creek. A
favorable contact zone is projected in both these areas
but is almost entirely concealed beneath glacial till. One
rock sample from near Rock Creek Lake contained
anomalous amounts of tungsten and other metals. Area
C also has potential for placer gold deposits along Pikes
Peak and Rock Creeks.

SUGGESTIONS FOR FURTHER STUDIES

Detailed geologic and geochemical studies are sug-
gested for areas A and B to delineate exploration
targets that could be tested by drilling. In area C, drill-
ing is suggested to test for skarn tungsten deposits at
contacts between granodiorite and carbonate rocks
where these contacts are concealed beneath glacial till.









EASTERN PIONEER MOUNTAINS, MONTANA

By ROBERT C. PEARSON,! U.S. GEOLOGICAL SURVEY

SUMMARY

Eight mining districts and numerous individual mines ring the eastern
Pioneer Mountains, Beaverhead County, Montana, and are within 4 mi of the
boundary of the eastern Pioneer area. Mineralized ground peripheral to these
districts extends into the area at several places. Three of 12 molybdenum pros-
pects in the Pioneer Mountains are within the eastern Pioneer area. Several
areas of Paleozoic carbonate rocks are mineralized or favorably situated with
respect to the Pioneer batholith. All such areas have probable resource poten-
tial. Interest in exploration for molybdenum and possibly for base and precious

metals is likely to continue.

CHARACTER AND SETTING

The Pioneer Mountains in southwestern Montana are
a subcircular mountain mass almost completely sur-
rounded by broad alluviated valleys of the Big Hole and
Beaverhead Rivers. The structurally controlled valleys
of Wise River and Grasshopper Creek divide the Pioneer
Mountains into two lobes. The eastern lobe contains the
area studied, here termed the eastern Pioneer area,
which is the more rugged and contains high peaks and
deep valleys. The area is located about 25 mi southwest
of Butte and 20 mi northwest of Dillon. It is 4-8 mi
wide, 25 mi long, (approximately 150 sq mi) and is
elongated northerly. The area is drained radially by
glacially eroded stream valleys.

The eastern Pioneer area is within that part of the
overthrust belt of southwest Montana in which nu-
merous bodies of Mesozoic igneous rocks were intruded
into folded and faulted sedimentary rocks. During fold-
ing and faulting, a great sheet of old Proterozoic quartz-
ite was thrust eastward over complexly folded younger
(Paleozoic and Mesozoic) strata. One of the larger of
the intrusive masses—the Late Cretaceous Pioneer
batholith—occupies most of the area; it and associated
satellitic intrusive masses are the foci of the widespread
mineralization. Volcanism accompanied the intrusion of
the batholith, though no volcanic rocks of this age re-
main uneroded within the area. Minor volcanism con-
tinued sporadically for the next several tens of millions

'With contributions from B. R. Berger and W. F. Hanna, USGS.

of years, but only small remnants of these younger lava
flows remain.

Interpretations of the mineral-resource potential have
been assisted by geochemical and geophysical studies.
Stream-sediment and rock-chip samplings have shown
that many parts of the area are anomalous in base
metals, precious metals, and molybdenum, as well as
“pathfinder”’ elements (easily detected mobile elements
associated with mineralization) such as antimony,
arsenic, tungsten, bismuth, and tin. Aeromagnetic
surveys outline the plutonic rocks, give a clue to the
subsurface configurations of the plutons, and show a
response locally to hydrothermal iron oxide.

The eastern Pioneer Mountains figure prominantly in
the mining history of Montana. The Bannack district, a
few miles south of the area, was the first significant
mining district in what is now the State of Montana.
After the discovery of gold near Bannack in 1862, the
several other base- and precious-metal districts in the
eastern Pioneer Mountains were discovered in the
1860’s and 1870’s. Gold, silver, and lead were the prin-
cipal products in the early years, but tungsten, pro-
duced from mines at the southern boundary and a few
miles east of the study area, became important in the
1950’s. Thus, the area has a rich and varied mining
history. With the discovery of molybdenum in the
1960’s, renewed interest in mineral exploration
developed in the Pioneer Mountains.

The most productive district in the eastern Pioneer
Mountains is the Hecla district along the northeast
edge of the roadless area. Some of the most productive
mines of the Hecla district extend below the surface of
the eastern Pioneer area.
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MINERAL RESOURCES

Recent exploration activity in the Pioneer Mountains
has concentrated on a search for molybdenum as a
result of the impetus provided by the discovery of the
Cannivan Gulch deposit, located 2 mi outside the study
area. Base and precious metals have also been searched
for principally in the formerly productive districts. The
productive tungsten mines east of the area, which are
being actively explored and contain substantial new
reserves, are in a geologic formation that is unlikely to
be found in the area.

Structural trends, favorable host rocks, and associ-
ated intrusive rocks suggest that mineralized rock in
the peripheral mining districts may continue into the
study area although surface indications of such exten-
tions are meager. The following areas (on map) are inter-
preted as having probable mineral-resource potential for
base and precious metals, molybdenum, and tungsten:

The Quartz Hill-Vipond Park base- and precious-metal
district (area 1) north of the area trends north-northeast
and is composed of numerous north-northeast-trending
veins. A projection of this district to the southwest in-
cludes the Blue Bell mine, just outside the area, and the
Atlas mine within the area. Both mines are in carbonate
sedimentary rocks adjacent to a body of granite
although the favorable contact zone is largely covered
by glacial deposits. The granite locally contains pyrite
near the contact.

The Hecla district (area 2) produced silver, lead, gold,
copper, and zinc from mines, the largest of which extend
from surface openings outside the eastern Pioneer area
westward into the area in the subsurface and thus repre-
sent the principal mining activity that has taken place
within the area. The folded and fractured carbonate
sedimentary rocks that are favorable hosts for ore at
Hecla continue westward for 4 mi in a belt about 1 mile
wide adjacent to the north edge of the Pioneer batholith.
Farther west, the favorable rocks become buried pro-
gressively more deeply beneath a thrust sheet of less
favorable rocks; they also become farther away from the
batholith and farther from the mineralizing center at
Hecla. Thus, the potential for the occurrence of
resources is greatest in the Hecla district and decreases
from east to west across the area.

Near the southeast corner of the area, the same or a
similar sequence of favorable carbonate sedimentary
rocks is inferred to be in contact with the Pioneer
batholith and to occupy more than 1 sq mi (area 3). The
contact itself and virtually all these sedimentary rocks
are covered by glacial deposits. The presence of geo-
chemical anomalies and of favorable rocks and their
relationship to the batholith are sufficient reasons to in-
fer probable resource potential for copper, lead, zinc,
gold, and silver.
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Mineral production from the Polaris district (area 4)
has been chiefly of silver from the Polaris mine. The
deposit is in veins in carbonate sedimentary rock similar
to, if not stratigraphically the same as, those in other
nearby districts. A narrow belt of these favorable rocks
within the eastern Pioneer area has a probable mineral-
resource potential for silver although surface evidence
of mineralization is sparse.

The Baldy Mountain district (area 5) at the southern
tip of the area contains numerous mines that produced
small amounts of base- and precious-metal and tungsten
ores from deposits in carbonate rocks adjacent to the
Pioneer batholith and in veins within the batholith. The
area has a probable resource potential for additional
deposits of base and precious metals and tungsten.

Six areas contain molybdenum prospects that are
considered to have probable mineral-resource potential.
A quartz-vein stockwork in granite at Black Lion Lake
(area A, on map) contains molybdenite and ferrimolyb-
dite in outcrop. It was explored by drilling in 1977 and
1982. This appears to be the most significant prospect
in the area. A quartz-vein stockwork in Precambrian
quartzite on Moose Creek (area B) is separated from
granite by the Fourth of July fault. This prospect is
poorly exposed but seems to occupy an area at least
2000 ft long and an unknown width. A quartz-vein
stockwork along the Comet fault in Jacobson Meadows
(area C) contains molybdenite locally in outcrop. It ex-
tends into the roadless area and is partly covered by
glacial deposits. Molybdenite-bearing veins at deep
levels in the Elkhorn mine within the Elkhorn district
(area D) indicate metal zoning from silver, lead, zinc,
tungsten at the surface to molybdenum, 1000 ft below.
This zoning indicates a probable mineral-resource
potential for molybdenum beneath the Elkhorn district
that extends eastward barely into the area. The district
and nearby areas also have probable potential for silver
and base metals in veins. Molybdenum and tungsten in
quartz and quartz-muscovite veins in granite near Pear
Lake (area E) extends in a northeast-trending belt to the
lower slopes of Torrey Mountain. The presence of a brec-
cia pipe suggests the possibility of deep mineralization.
A body of weakly mineralized intrusion breccia within
the Pioneer batholith along Dubois Creek (area F) is
about 0.5 mi in diameter and contains some geochemical
anomalies for molybdenum.

SUGGESTIONS FOR FURTHER STUDIES

Detailed studies of structural and stratigraphic con-
trols of ore deposition and its association with intrusive
rocks of particular types and ages may be useful in pro-
viding the basis for a more precise resource assessment.









ELKHORN WILDERNESS STUDY AREA, MONTANA

By W. R. GREENWOOD,! U.S. GEOLOGICAL SURVEY, and

TERRY J. CLOSE, U.S. BUREAU OF MINES

SUMMARY

The Elkhorn Wilderness study area, near Helena, Montana, was studied by
the USGS and the USBM in 1976 and 1977. Substantiated resource potential
for gold, silver, copper, lead, zinc, and iron was identified in three areas and a
copper-molybdenum porphyry deposit exists in a fourth area of substantiated
resource potential. Several broad areas with probable mineral-resource potential
for all the above metals except iron were also identified.

CHARACTER AND SETTING

The Elkhorn Wilderness study area occupies an area
of about 128 sq mi in a mountainous region to the south-
east of Helena, Montana. Access is by secondary roads
leading from Interstate 15 on the west, Montana State
Highway 281 on the south, and U.S. Highways 12 and
287 on the north and east.

The area is underlain primarily by the Elkhorn Moun-
tains Volcanics, and by the Boulder batholith and
related stocks, all of which are Cretaceous in age. Older
rocks, ranging in age from Mesozoic to Precambrian
(Belt Supergroup), underlie the volcanics in nearby
areas and are presumed to be present at depth beneath
much of the study area. Because parts of the volcanic
sequence consist of thick sections of welded ash-flow
tuff, the study area probably contains a volcano-
tectonic depression, or caldera.

The mountain range containing the study area is a
tectonically uplifted block, bounded on the east and
north, and probably on the south and west, by major
faults. This block has been eroded to its present form by
glaciers and running water.

MINERAL RESOURCES

Three areas, in and immediately contiguous to the
study area, have substantiated mineral potential for
gold and (or) silver, copper, lead, and zinc. From north-
east to southwest, they are the Park mine area, the
Tizer Basin area, and the Elkhorn area.

With contributions from Steve Ludington, USGS.

Within the Park mine area, numerous mines and pros-
pects have demonstrated resources of about 33,000 oz of
gold, 370,000 oz of silver, 400 tons of copper, and 2000
tons of lead. However, this estimate does not include
three large deposits which were not studied and are a
few hundred feet beyond the study area boundary.
There are also many other prospects on base- and
precious-metal veins which are not exposed and thus it
was not feasible to sample them. Heavy-mineral concen-
trate samples from this area are anomalous in base and
precious metals and the area is shown as having sub-
stantiated resource potential.

Two areas of substantiated resource potential occur in
the Tizer Basin area around the Ballard and Callahan
mines. Deposits in these areas are estimated to contain
demonstrated resources of about 1500 oz of gold. This
estimate does not include two deposits for which lack of
access and exposure prevent a meaningful estimate. The
Ballard and Callahan mines in this area have produced
nearly 9000 oz of gold and 15,000 oz of silver.

In the Elkhorn area, production from mines within
the study area boundary totals more than 10,000 oz of
silver. Many prospects appear to be in replacement
deposits similar to the Elkhorn mine, a major silver pro-
ducer which is about 2000 ft beyond the study area
boundary. No resources were estimated for the Elkhorn
area because of the lack of exposure of mineralized rock
and because the Elkhorn mine was not studied. In addi-
tion to silver and base metals, iron has been produced
from a small skarn deposit in this area.

These three areas all lie within an elongate region
which is judged to have probable resource potential for
further discoveries of base and precious metals on the
basis of scattered small mines, prospects, and heavy-
mineral concentrate geochemical anomalies.
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The Golconda area has substantiated resource poten-
tial for copper and molybdenum. On the basis of surface
studies of alteration and mineralization, it contains a
copper-molybdenum porphyry deposit. Though it has
been drilled and explored by a major minerals company,
the deposit has not been developed.

Several other areas along the western edge of the
study area have probable potential for the same type of
deposit, and are characterized by scattered mineraliza-
tion and by heavy-mineral concentrate geochemical
anomalies similar to those in the Golconda area.

Two areas with mineralized breccia pipes, possibly
related to the rim of a large volcano-tectonic subsidence
structure, have probable mineral potential for buried
copper and (or) molybdenum porphyry deposits.
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SUGGESTIONS FOR FURTHER STUDIES

Detailed studies aimed at identification of the source
rocks for the Golconda deposit would be useful in fur-
ther understanding of the potential for copper-
molybdenum porphyry deposits in the region. The
significance of the breccia pipes could be clarified by
deep drilling. A detailed stratigraphic study of the
volcanics, which would better delineate the probable
caldera, would also be helpful in understanding the
overall setting of the ore deposits of the region.
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from within the wilderness study area. It has been
estimated that production from mines in the Philips-
burg quadrangle, which includes nearly all the major
mines in the Flint Creek Range, totaled about $60
million between 1864 and 1954. Of this production,
88,500 oz was gold and 21,200,000 oz silver; copper,
lead, iron ore, and manganese oxide were also produced.
Silverrich ore produced from the Philipsburg district
during the period 1904-1962 had an estimated total
value of nearly $30 million, again, chiefly silver. The
district has been a major producer of battery-grade
manganese oxide, and 450,000 tons of concentrates of
65-72 percent MnQO, were shipped during the period
1921-1962. An additional 260,000 tons of manganese
ore was shipped for metallurgical use during the period
1916-1921. Placer gold from the Flint Creek Range had
an estimated total value of about $2 million. However,
total production of placer gold from chiefly outside the
Flint Creek Range, was estimated to have been $7 mil-
lion for the period 1860-1945.

Production from other mines near the study area has
been much smaller than that of mines in the Philipsburg
district. To judge from descriptions by Emmons and
Calkins (1913), and the size of workings as can be seen
today, the dozen or so small mines and placers that are
within a mile or two of the study area have yielded
silver, gold, and small amounts of byproduct lead, zinc,
and copper having a total value of less than $1.5 million.
By far the most important were the Port Royal mines
which produced about $1 million in gold, chiefly during
the late 1890’s. Small mines and placers accounted for
most of the remaining production from near the study
area.

No records exist of mineral production from within
the study area, but small amounts of rich silver ore
presumably were recovered from workings at Thomp-
son Lake and Goat Mountain,

From the mid-1960’s to the early 1980’s four com-
panies undertook mineral exploration in the Flint Creek
Wilderness study area. Cominco American, Inc., opened
bulldozer trenches and pits to explore for phosphate
rock in the Phosphoria Formation in the south-central
part of the study area. The Union Carbide Corporation
discovered tungsten in the Finley Basin area in the
early 1970’s during a geochemical exploration program,
and did core drilling in this area and in the Thompson
Lake area from 1975 to 1980. AMAX Exploration, Inc.,
discovered molybdenum in 1974, also by geochemical
sampling, and did core drilling north of the study area in
the Tolean Lake area in 1976 and 1977. Noranda Explo-
ration, Inc., did core drilling for molybdenum in the
East Goat Mountain area in 1979 and 1980.

The exploration for tungsten in the Finley Basin area
has identified about 1 million tons of demonstrated
tungsten resources in tactite along the contact of the

Royal stock and additional resources have been iden-
tified in a similar tactite zone in the Thompson Lake
area. The geologic terrane including these prospects is
an area of substantiated tungsten potential.

The molybdenum occurrences in the East Goat Moun-
tain area probably contain large tonnages of
molybdenum-bearing rock. The grades of material en-
countered in four core-drill holes at East Goat Moun-
tain, by Noranda Exploration, Inc., are not known, but
ore-grade material was evidently not encountered
because this company abandoned its claims in this area
in 1982.

The molybdenum occurrences consist of stockworks
of molybdenum-bearing quartz veinlets and sparse
quartz veins a few inches to several feet thick in the
Mount Powell batholith at East Goat Mountain. To
judge from surface exposures, the grades of
molybdenum-bearing rock at East Goat Mountain are
low although the area is one of substantiated molyb-
denum resource potential.

Cominco American, Inc., found that an area of sub-
stantiated phosphate resource potential extends for
about 10,000 ft along the strike length of the Phos-
phoria Formation in the south-central part of the study
area. Samples collected by Cominco from its pits and
trenches show an average thickness of the phosphate
rock layer to be 5.9 ft and grade to be 20 percent P,0O,.
Core drilling would be required to determine the total
phosphate resources in this area, but the sedimentary
rocks in this area are in a roof pendant over the contact
zone between the Philipsburg and Mount Powell batho-
liths, which lies at a depth of not more than 2000 ft
below the surface. It can be estimated that resources of
phosphate rock here are not more than 10 million tons,
and could be less because of intense folding and faulting
of the sedimentary sequence.

Small amounts of silver resources may exist in scat-
tered veins in the study area. To judge from samples on
mine dumps, silver is associated with sulfide minerals of
copper, lead, and zinc in quartz veins. Veins from which
these samples came generally have maximum dimen-
sions of only a few feet thick and a few hundred feet in
length. Specimens collected in this study commonly
show silver values of only a few ounces per ton, but
some show 10 oz/ton or more, and the richest sample,
from a vein near the top of Goat Mountain, contains
30.7 oz/ton. It is evident that the silver in veins of the
study area occurs sporadically in small shoots in the
otherwise barren or nearly barren veins. Other than the
area of substantiated silver resource potential at Goat
Mountain these small and isolated occurrances are not
shown on the map and no resource potential was iden-
tified for the areas in which they occur.

Irregular bodies of massive quartz were prospected at
two localities on the northeastern side of Deer Lodge
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Mountain. Chemical analyses of chip samples of quartz
from these localities show values of 90.5 to 97.2 percent
SiO, and 1.7 to 2.7 percent iron. The deposits are
estimated to contain demonstrated silica resources of
nearly 2 million tons of quartz, which may be suitable
for smelter flux. No resource potential for coal, oil, gas,
uranium, or geothermal energy was identified in this
study.

SUGGESTIONS FOR FURTHER STUDIES

Future mineral-resource studies in the Flint Creek
Range Wilderness study area would be concerned chief-
ly with determining the extent and grade of mineral
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deposits already known to exist. Such studies would in-
clude core drilling to determine the resources of
tungsten ore in the Finley Basin-Thompson Lake area,
and to determine the tonnage and grade of phospate
rock in the south-central part of the area.
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and polished to determine its quality. Geophysical in-
vestigations of the area comprised aeromagnetic and
gravity surveys and were made to obtain information
on subsurface geology that would assist in evaluation of
mineral resources (Simons and others, 1983).

MINERAL RESOURCES

No minerals have been produced from the Gallatin
Divide Roadless Area, and no prospects or mining
claims were found during this study. The nearest
mineral deposits are the Thumper Lode mica mine in the
Squaw Creek drainage about 3.5 mi west of the area and
the Karst asbestos mine just west of the Gallatin River
and 4 mi west of the area. Some prospecting was done in
the 1880’s for copper near the head of Levinski Creek
and for calcite near Almart, both 1 mi or so west of the
roadless area. A few small showings of copper minerals
have been reported along the Spanish Peaks fault on
both sides of the Gallatin River. Placer gold deposits
discovered along the Gallatin River in the 1860’s were
small and low grade and yielded only a few hundred
ounces of gold. Coal deposits of the Livingston field, 6
mi northeast of the roadless area, were discovered in the
1870’s and mined until 1943, and small amounts of coal
are reported to have been mined on the Taylor Fork and
West Fork Gallatin River, several miles west of the
roadless area. Phosphate rock within the roadless area
was investigated in 1928 and 1947-48 by the USGS.
The Gallatin and Yellowstone valleys were prospected
for oil and gas in the 1920’s but no exploratory drilling
has been done in the roadless area, and the nearest test
hole (dry) is in Carrot Basin about 9.5 mi southwest of
the roadless area. Oil and gas lease applications were
filed in the 1960’s and 1970’s, mainly in the northeast-
ern part of the roadless area, but none have been
granted to date. Petrified wood has been collected from
deposits in the area. Terrace gravels and talus along the
Gallatin River have been utilized extensively for road
building, and welded tuff has been quarried on a small
scale on the ridge between Porcupine Creek and Gallatin
River; none of the localities are within the roadless area.

Mineral commodities in the roadless area are phos-
phate rock, petrified wood, and construction materials
(Simons and others, 1983). Anomalous amounts of 20
elements were detected in samples collected during the
geochemical study, but no significant geochemical
anomaly was found for any element, and the area lacks
both the plutonic igneous rocks and the altered rocks
that commonly are associated with mineral deposits in
the Rocky Mountains; indeed, samples of the most
highly altered rocks seen contain with a few minor ex-
ceptions only ordinary amounts of any element.

Analyses of panned concentrates of stream sediments
from all major drainages in the area revealed no concen-
trations of minerals indicative of inineral resources. No
oil or gas, geothermal energy sources, or other mineral
deposits are known to exist within the roadless area.

A probable and substantiated resource potential for
phosphate exists in the southwest part of the area,
where Shedhorn Sandstone of Permian age, containing
minor phosphate rock, occurs over an area of several
square miles and underlies a much larger area in the
subsurface. Phosphatic rock was sampled at four local-
ities during this study. A 64-ft-thick exposure of
phosphate-bearing rock between Buffalo Horn and
Tepee Creeks has 4.1 percent P,0O,, and a 14-ft-thick
part of the exposure contains 13.1 percent P,O;. Other
sampled exposures contain less than 2 percent P,O;. No
other elements of interest were detected in the phos-
phate samples. Data at hand suggest that phosphatic
rock in the area is thin, discontinuous, and low grade,
and most of it is deeply buried.

About 15 sq mi of the Gallatin Petrified Forest is in
the southern part of the roadless area. Petrified wood
occurs in Eocene volcanic rocks and is contained in at
least 15 beds. Samples of the best quality petrified wood
available were cut and polished to determine whether an
attractive product could be made. The wood was found
to be fractured, leached, and discolored, and no slab
larger than 3 in. across could be cut. Similar petrified
wood occurs outside the roadless area.

Many of the major drainages of the area, particularly
Hyalite, Squaw, and Porcupine Creeks, have small
deposits of sand and gravel. However, access to these
deposits except those of Hyalite and Porcupine Creeks
is difficult, and extensive and more accessible deposits
of suitable material are available along the Gallatin
River outside the roadless area.

Limestone is abundant in the southwest part of the
roadless area, but it is equally abundant and much more
accessible in areas outside of the roadless area.

Possible oil- or gas-bearing structures within the
roadless area are concealed over about 75 percent of the
area by Tertiary volcanic rocks, and the possible ex-
istence of such structures cannot be determined by sur-
face geologic observations. Another 8 percent of the
area is underlain by Precambrian metamorphic rocks
which are not permissive for the occurrence of oil and
gas. Within areas underlain by Paleozoic and Mesozoic
sedimentary rocks, folds that could contain traps are
too small and deeply eroded to be of any significance.
No coal was seen in the roadless area but some may oc-
cur in the poorly exposed Cretaceous strata in the
southwest part of the area. It is unlikely that coal beds
of sufficient thickness and quality to be classified as
resources are present in the roadless area. No hot
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springs were seen in the roadless area, and the nearest
hot spring is Bozeman Hot Springs about 15 mi north-
west of the area; this spring is reported to have a tem-
perature of 137°F and a flow of 250 gal/min. No volcanic
or intrusive rocks younger than Pliocene(?) occur in the
roadless area. The Eocene volcanic rocks that make up
so much of the area would be excellent reservoirs for
geothermal fluids, but the lack of heat sources indicates
that there is little likelihood for geothermal energy in
the area.

SUGGESTIONS FOR FURTHER STUDIES

Further study of the Gallatin Divide Roadless Area
appears unlikely to identify concealed or otherwise
unrecognized mineral resources. The lack of intrusive ig-
neous rocks and of extensive areas of altered rocks
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militate against the occurrence of metallic mineral
deposits. Known mineral deposits in stratified rocks in
or near the area—phosphate rock, coal, and petrified
wood—are of poor quality and it is improbable that
better quality material will be found with additional ex-
ploration. Over most of the area, possible oil- or gas-
bearing structures are concealed by volcanic rocks and
can be sought only by geophysical methods; the known
structures are unfavorable because they are small and
deeply eroded.
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deformed rocks on the Eldorado thrust fault has over-
ridden strata of the wilderness.

Rocks beneath the Moors Mountain thrust fault are
spectacularly exposed along the southern margin of the
wilderness in the canyon of Beaver Creek. These rocks
are folded in a major syncline and anticline, and those
folds are, in turn, refolded under a thrust fault (Hogback
thrust fault), that is older than the Moors Mountain
thrust fault. Movement on the latter fault has folded
and truncated both the Hogback thrust fault and folded
rocks beneath it. Smaller scale thrust faults repeat se-
quences of carbonate rocks in refolded folds beneath the
Hogback fault. Folds beneath the Moors Mountain
thrust fault can be traced continuously 18 mi southeast
from the wilderness. Progressively older beds are ex-
posed at higher altitudes southeast until Precambrian
rocks crop out in the core of the principal fold. Those
Precambrian rocks, in turn, rest on older Precambrian
strata; younger strata which could be sources or reser-
voirs for hydrocarbons are absent within the core or at
the base of the principal fold.

Basalt flows were extruded from fissures east and
southeast of the wilderness about 30 million years ago.
An episode of major faulting displaced the western part
of the mountain range relatively down to the west from
the south-central part of the wilderness south to Nelson
and York. Faults along which Hilger Valley has
dropped relative to adjacent mountains extend from
Upper Holter Lake east into the wilderness. Young
sedimentary rocks, including sandstone, siltstone, and
volcanic tuff, are preserved along young faults that
bound the valleys.

The field and laboratory investigations of the wilder-
ness consisted of detailed geologic mapping, analysis of
rock and stream-sediment samples, thermal pyrolysis
and vitrinite reflectance examnination of potential
petroleum source rocks, and sampling of stream and
river gravels for potential placer deposits. Magnetic and
gravity anomaly maps from older geophysical surveys
were exainined but proved to be of little value to the ap-
praisal. No mineral prospect pits could be definitely
located in the wilderness although early claims had been
recorded near the southeast edge of the wilderness.
About 1 mi southeast of Nelson outside the wilderness,
prospect pits in quartz veins cutting Proterozoic siltites
were examined and sampled, but similar veins were not
observed in equivalent or younger strata within the wil-
derness. During 1981-82, a hole, Getty Oil Company
Federal No. 3-10, was drilled on Hogback Mountain, 2
mi outside the wilderness, to explore for petroleum in
the refolded fold beneath the Moors Mountain and Hog-
back thrust faults. The hole was plugged and aban-
doned without significant shows of hydrocarbons.

MINERAL RESOURCES

No mining claims were found within the boundary of
the wilderness and adjacent roadless areas, no mineral
deposits are known to be present, and no anomalous oc-
currences of metallic elements were identified in our
study. Sampling of gravel deposits in streams draining
the wilderness or on terraces adjacent to the Missouri
River on the west edge of the wilderness did not identify
any placer occurrences of gold, sapphire, or tin. Careful
visual inspection of rocks and fractures on outcrop iden-
tified no occurrences of metallic minerals and no sig-
nificant mineralized alteration in or adjacent to very
thin diorite sills or fault zones. All rock samples were
scanned with a scintillometer to detect abnormal radio-
activity, but none was found.

Dark-gray to dark-grayish-brown carbonaceous mud-
stone units at the top of the Devonian and Jurassic suc-
cessions and at the base of Mississippian strata have
higher concentrations of elements such as copper,
chromium, nickel, and vanadium than other rocks in the
wilderness. Similar rocks elsewhere, however, have
equal or higher concentrations of those elements, so
that the observed concentrations are not anomalous for
carbonaceous mud rocks.

Limestone of quality adequate for use in cement or as
smelting flux is present locally in the wilderness, but
larger deposits more accessible to Montana markets ex-
ist outside of the wilderness.

Because segments of the Rocky Mountains over-
thrust belt either contain economic accumulations of
hydrocarbons or have high potential for the presence of
such accumulations, careful evaluation of the rocks and
structure of the wilderness was made for their fossil fuel
resource potential. Close exainination of potential reser-
voir rocks, including sandstone, limestone, and dolo-
stone units, identified no residual oil in pores or frac-
tures. Unaltered and unweathered samples of potential
hydrocarbon source rocks of Devonian, Mississippian,
Jurassiec, and Cretaceous age were analyzed for organic
carbon content, thermal pyrolysis levels, and vitrinite
reflectance properties, where possible, at all structural
levels exposed in the wilderness. Carbonaceous mud-
stone at the top of the Devonian succession contains as
much as 15 percent organic carbon and Lower Missis-
sippian dark-gray calcareous mudstone contains as
much as 5 percent organic carbon; both rock intervals
could serve as source beds for hydrocarbon generation.
Other possible source rocks contain less than 1 percent
organic carbon and thus are not probable source rocks.
Regardless of the structural position of the samples,
however, analyses suggest that the potential source
rocks have passed through temperatures of oil and wet
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gas generation and have been in the temperature range
of dry gas generation.

Potential reservoir rocks exposed at the surface are
strongly deformed; fractures are numerous and, in
many cases, wide throughout the rocks. Structural
closure necessary to trap hydrocarbons has not been
identified in the wilderness, and potential trapping
structures are open to the surface at higher altitudes
southeast of the wilderness. Projection of structures
into the wilderness suggests that Precambrian strata
are in the cores of folds and that those strata are in fault
contact with underlying Precambrian strata. Nowhere
in the region are Precambrian strata demonstrable
reservoirs for hydrocarbon accumulation. All factors in-
vestigated, together with the unsuccessful exploration
test hole, drilled adjacent to the wilderness on the major
fold that plunges beneath the surface of the wilderness,
suggest that hydrocarbons, if present, would be dry
natural gas, but that the possibility for accumulation is
very remote.
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SUGGESTIONS FOR FURTHER STUDY

Further study of the mineral and fossil fuel resource
potential of the wilderness seems unwarranted. Folds in
Pennsylvanian and Mississippian rocks at the surface
east-northeast of the wilderness could be drilled to in-
vestigate possible structural entrapment of hydro-
carbons in Mississippian carbonate rocks at depth;
but the up-plunge exposure of the potential reservoir
rocks markedly reduces the likelihood of successful
exploration.

REFERENCE

Reynolds, M. W., and Close, R. J., in press, Mineral resource potential
map of the Gates of the Mountains Wilderness, Lewis and Clark |
County, Montana: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1642-A. :















MADISON ROADLESS AREA, MONTANA

By FRANK S. SIMONS,! U.S. GEOLOGICAL SURVEY, and

ROBERT H. LAMBETH, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey of the Madison Roadless Area in the Madison
Range of southwestern Montana was made by the USGS and USBM in
1978-82; some preliminary work was done in 1968 and 1970. The Madison
Roadless Area has demonstrated resources of about 93,000 tons of sillimanite
rock at the Placer Creek deposit and of about 83,000 tons of asbestos rock at the
Karst deposit. The roadless area also has areas of substantiated phosphate
resource potential; much of the phosphate is in thin deeply buried beds. An area
near the south edge of the roadless area has a probable resource potential for
copper and silver. There seems little promise for the occurrence of oil and gas
because known possible oil- and gas-bearing structures are small and deeply

eroded.

CHARACTER AND SETTING

The Madison Roadless Area is in southwestern Mon-
tana immediately west and northwest of Yellowstone
National Park. It extends north-northwestward along
the crest of the Madison Range from Hebgen Lake on
the Madison River to the Madison River about 5 mi
north of Ennis Lake, a distance of 50 mi and covers an
area of approximately 576 sq mi. The west flank of the
Madison Range is in the Beaverhead National Forest,
the east flank within the Gallatin National Forest. The
area is about equally divided between Madison and
Gallatin Counties, Montana.

General access to the roadless area is provided by
U.S. Highway 287 along the Madison River and U.S.
Highway 191 along the Gallatin River. Unimproved
roads extend up most of the main drainages and some
penetrate short distances into the roadless area, but
access to most of the area is only by trail.

Most of the roadless area is above 6000 ft in altitude;
the highest point is Hilgard Peak, 11,316 ft, and several
other peaks exceed 11,000 ft. The western part of the
Madison Range is rugged, characterized by jagged
ridges and deep narrow canyons and rises steeply as
much as 5000 ft above the Madison River valley. The
eastern part of the range has gentle slopes and open
valleys, and the highest peaks are around 10,000 ft in

'With contribution from R. G. Tysdal and R. E. Van Loenen, USGS, and S. W. Schmauch,
R. T. Mayerle, and M. M. Hamilton, USBM.

altitude. Evidence for alpine glaciation—cirques, rock
basin lakes, U-shaped valleys, glacial deposits—is par-
ticularly well displayed in the southern part of the
roadless area. Landslides and earthflows, some of enor-
mous size, are abundant; the best known is the Madison
River slide on the southern edge of the roadless area,
which resulted from the Hebgen Lake earthquake of
August 17, 1959, and dammed the Madison River can-
yon to produce the present Earthquake Lake.

The Madison Range is geologically part of a Tertiary
structural block that also includes the Gallatin Range
to the east; the two ranges are separated geographically
but not geologically by the Gallatin River. The
Madison-Gallatin block consists of a basement of Pre-
cambrian metamorphic rocks overlain by a sequence of
dominantly carbonate Paleozoic rocks 3000 to 4000 ft
thick and a sequence of dominantly clastic Mesozoic
sedimentary rocks, mainly Cretaceous, about 5000 to
7000 ft thick. Volcanic and volcaniclastic rocks of Late
Cretaceous age, 1500 to 2500 ft thick, and conglomerate
of Late Cretaceous age, 2000 ft or more thick, occur in
the central part of the roadless area. A few square miles
in the southeast corner of the roadless area is underlain
by Pliocene volcanic rocks. Porphyritic igneous rocks of
Late Cretaceous age intrude sedimentary rocks at Lone
Mountain and Fan Mountain and along the Gallatin
River at Snowslide Creek. Bedrock is concealed locally
by Holocene glacial deposits, landslide deposits, talus,
and alluvium.

713



Pre-Tertiary rocks of the Madison Range were folded
and faulted along northerly to northwesterly trends
during Laramide deformation. The principal structures
formed during this deformation are, from north to
south, the Spanish Peaks fault, which trends northwest
across the range and has a displacement of 10,000 to
15,000 ft; the Buck Creek fault and its associated folds,
which for most of its length trends northwest across the
middle of the roadless area and has a displacement of as
much as 2500 ft; the Snowflake fault-fold zone, which
trends north in the southeastern part of the roadless
area and has a displacement of 2000 ft or less; and the
Hilgard fault system, which trends north-northwest for
about 30 mi from Hebgen Lake to the Spanish Peaks
fault, has a displacement of many thousands of feet, and
in general forms the boundary between Precambrian
rocks to the west and younger rocks to the east in the
central and southern parts of the Madison Range.
Rocks uplifted during Laramide deformation were sub-
sequently eroded, and in Pliocene and Pleistocene time a
large part of the present range was blanketed by
volcanic rocks of the Yellowstone Group. The Madison-
Gallatin block was tilted gently southeastward during
late Cenozoic uplift in the block along a system of faults
that define the west flank of the Madison Range. The
present topography of the range resulted from erosion
by water and ice following tilting.

MINERAL RESOURCES

No minerals have been produced from the Madison
Roadless Area, and no active mining claims exist. Sev-
eral small mining districts and mineral deposits adjoin
or are near the area; these include the Boaz mine in the
Lower Hot Springs district near the northwest corner of
the area, which has produced about 62,000 tons of gold-
silver-lead ore, and the Karst mine just inside the north-
east border of the area (loc. 4), which has produced a few
thousand tons of asbestos ore. A few hundred ounces of
gold are reported to have been produced from placer
deposits on West Fork Gallatin River and Taylor Fork
near the east edge of the roadless area, and small
amounts of coal are reported to have been mined on the
Taylor Fork and West Fork Gallatin River. A little
prospecting has been done for corundum and sillimanite
around the north end of the roadless area. Copper and
silver have been sought at a few places along the
Spanish Peaks fault and near the south end of the area,
and a dozen or so prospects were found during this
study. Phosphate rock resources in Permian rocks in the
roadless area were studied by the USGS in 1928 and
1947-48. The Gallatin and Yellowstone Valleys were
prospected for oil and gas in the 1920’s, but the only
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exploratory drilling in the roadless area was a dry hole
in Carrot Basin in the southern part of the area. Lease
applications for oil and gas exploration have been made
for about 105 sq mi of the roadless area, mainly in the
drainage basins of West Fork Gallatin River, Jack
Creek, Taylor Fork, Indian Creek, and Beaver Creek.
Terrace gravels and talus along the Gallatin River near
the Madison Roadless Area have been utilized exten-
sively for road building.

Geochemical evaluation of the mineral potential of the
Madison Roadless Area is based on stream-sediment,
rock, and panned concentrates of stream-sediment
samples collected by the USGS, and stream-sediment
samples collected by Los Alamos Scientific Laboratory.
The USBM sampled possible copper-silver-bearing
material, coal, phosphate rock, and sillimanite, mica,
and uranium occurrences. Aeromagnetic and gravity
geophysical surveys were made to obtain information
on subsurface geology that would contribute to mineral-
resource evaluation.

Mineral commodities in the roadless area are phos-
phate rock, asbestos, and sillimanite. Traces of copper,
silver, molybdenum, gold, lead, and zinc were found at
several prospects.

Anomalous amounts of 21 elements were detected in
samples collected during the geochemical study, but no
significant geochemical anomaly was found for any ele-
ment. Very low level anomalies were recognized for
molybdenum in two areas and for uranium in one
region. The area lacks both the kinds of plutonic igneous
rocks and the altered rocks that commonly accompany
metallic mineral deposits and the few apparently altered
rocks that were sampled were not geochemically anoma-
lous. No oil or gas, geothermal energy sources, or other
mineral deposits are known to exist within the roadless
area.

The Shedhorn Sandstone of Permian age contains
layers of phosphate rock at many places along its out-
crop. Phosphate rock was sampled at four localities dur-
ing this study. At Indian Creek (loc. 1), the phosphatic
bed is about 6 ft thick; at Pulpit Rock (loc. 2) on the
Gallatin River it is 1.7 ft thick; at Shedhorn Mountain it
is 3.5 to 6.2 ft thick and contains 0.14 to 12 percent P,0;;
and at Taylor Falls it is 2.6 ft thick and contains 7.3 per-
cent P,0,. Resources were calculated by Swanson (1970,
p. 737) for areas that include all the potentially phos-
phate bearing part of the roadless area. Most of the
phosphate rock of the Cedar Creek-Jack Creek area, and
much of it in the Indian Creek-Taylor Fork block, is
probably too deeply buried to be minable, and that of
the Beaver Creek-Cabin Creek area is less than 4 ft
thick. Nevertheless, the roadless area has areas of
substantiated resource potential for phosphate rock.

The Placer Creek sillimanite deposit (loc. 3) is a lens of









MIDDLE FORK OF THE
JUDITH RIVER WILDERNESS STUDY AREA, MONTANA

MITCHELL W. REYNOLDS,! U.S. GEOLOGICAL SURVEY, and

MICHAEL HAMILTON, U.S. BUREAU OF MINES

SUMMARY

The Middle Fork of the Judith River Wilderness Study Area has several pros-
pects containing local small inferred resources and several exposed mineral
occurrences bearing silver, lead, copper, and gold along its north and west edges
with no identified resource potential. Geologic, geophysical, and geochemical
studies, conducted during 1979 to appraise the mineral resources of the study
area, identified no other anomalous concentrations of metallic elements. A gem-
quality sapphire resource, present near the east boundary, cannot be identified
within the study area. The area holds little promise for the occurrence of other

mineral or energy resources.

CHARACTER AND SETTING

Assessment of the mineral-resource potential of lands
designated as the Middle Fork of the Judith River Wil-
derness Study Area was authorized under the Montana
Wilderness Study Act of 1977. The area includes about
129 sq mi in the upper drainage basin of the Middle
Fork of the Judith River along the east-central crest of
the Little Belt Mountains in west-central Montana. The
area is about 65 mi southeast of Great Falls and 32 mi
northeast of White Sulphur Springs. Access to ridges
overlooking the area or to its center along the Middle
Fork of the Judith River is by rough unimproved dirt
road from U.S. Highway 89 about 4 mi west of the area
or from Utica, about 18 mi to the northeast.

Uneven ridges slope generally east across the study
area from altitudes of about 8200 ft on the western
divide to 5400 ft at the eastern border. On the northern
boundary Yogo Peak (880l ft) rises above the area. Tim-
bered steep-walled valleys of the Middle and Lost Forks
of the Judith River and their tributaries are incised
as deeply as 2000 ft; the major streams in the eastern
third of the area flow through narrow winding canyons
eroded in limestone.

Rocks exposed are of contrasting origins and ages.
Sedimentary rocks, dominantly limestone and dolo-
stone with thinner exposed sequences of siltstone, mud-
stone, and quartzite, form the framework of the area.

'With contributions from M. D. Kleinkopf, USGS, and Ronald Mayerle, USBM.

These strata range in age from Precambrian to Missis-
sippian. Igneous rocks of Tertiary (Eocene) age are
intruded into the sedimentary strata as thin tabular
bodies (sills) parallel or nearly parallel to bedding, or as
a thick more coarsely crystalline pluton (laccolith) which
domes the strata. The igneous rocks were generally
intruded into weak siltstone, mudstone, and silty lime-
stone units of Precambrian and Cambrian age, but
along the north and locally west margins, they intruded
carbonate rocks of Devonian and Mississippian age.
Rocks of the pluton are quartz monzonite in composi-
tion, whereas the sills are more alkaline (monzonite) or
basic (diorite and minette). Some sills were intruded
before the pluton and were domed by it; others are thin
tongues of the pluton that extend into adjacent strata.
Clay alteration is present locally in and adjacent to sills
along Cleveland Creek, but most sills and the pluton are
unaltered. Sedimentary rocks are metamorphosed
within a few feet of the sills and generally within 300 to
1000 ft of the pluton. Rare quartz or pegmatite veins or
dikes that developed during late stages of intrusion
were observed near Yogo Peak.

Paleozoic sedimentary rocks are generally tilted east
across the area so that the oldest are exposed along the
west boundary. The igneous pluton has deformed strata
in a broad dome which has an undulatory crest. Igneous
rocks or older sedimentary rocks are exposed in centers
of the undulations. Beds on Yogo Peak were tilted south
at high angles and locally strongly contorted during in-
trusion of the pluton there. Gravity and magnetic
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anomalies identified in our investigation generally coin-
cide with crests of undulations on the broader intrusive
dome. Other anomalies coincide with the sill exposed at
the surface on Grendah Mountain. Limestone beds in
the eastern part of the area are folded in small east-
trending folds, and strata in the upper reaches of Lost
Fork of the Judith River are broken and displaced
downward on the south by an east-trending normal
fault.

Our mineral-resource assessment is based on new geo-
logic mapping, on geochemical sampling and analysis of
samples of fresh rock, mineral occurrences, and altered
rock, and on geophysical investigations including grav-
ity and magnetic surveys (Reynolds and others, in
press). All known adits and prospect pits were ex-
amined, and rocks and minerals exposed in them were
sampled for analysis of their metal content.

MINERAL RESOURCES

Prospecting for precious and base metals has been
conducted for a century along the north and west edges
of the study area, and gem-quality sapphire has been
mined just east of it. The Neihart and Barker mining
districts, about 8 to 10 mi northwest and north of the
study area, produced precious metals during the 1890s
and intermittantly since. Prospecting extended from
those districts into the study area to terranes which had
similar intrusive igneous relations. Despite the pros-
pecting and proximity of the areas, significant mineral
resources have not been identified in the study area.
Widely scattered low-level anomalous concentrations of
metallic elements identified in this study are not
associated with alteration, extensive veining, or breccia-
tion and are not regarded as indicative of unexposed
resources in the area.

Mining records show that 200 to 300 claims were
located in the study area between the 1880s and the
present. Only nine claims, however, mainly in the vicin-
ity of Yogo Peak were patented. Most claims were
located in carbonate rocks of Cambrian, Devonian, and
Mississippian age, at or near the contacts with intrusive
igneous rocks along the north and west edges of the
study area. Gold placer claims were located along Yogo
Creek at the north edge of the study area. A few other
claims were located for building stone or sapphire.
Placer production on Yogo Creek was small and placer
deposits essentially exhausted by 1900. Our sampling
and analysis for placer metals along the boundary or
within the study area identified no occurrences of such
metals.

Known bedrock occurrences of metallic minerals in
the study area have several characteristics in common.
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The occurrences are mostly in carbonate rocks of
limited stratigraphic range—Upper Cambrian, Devo-
nian, and Lower Mississippian—generally coincident
with the highest observed intrusion of thin sills and
dikes or the pluton that underlies much of the western
part of the area. The inferred mineral resources are
spatially near the major intrusive bodies, generally at or
adjacent to thin intervals of siltstone and mudstone
which bound Devonian carbonate strata. Regionally
these intervals contain higher background concentra-
tions of metallic elements than the adjacent carbonate
rocks. Careful examnination and geochemical sampling
identified no anomalous concentration of metallic
elements within the igneous bodies or at contacts of
those bodies with siltstone, mudstone, or quartzite of
Cambrian age. It seems possible that the anomalous
concentrations might have resulted locally from ‘‘sweat-
ing out” of the metallic elements from Devonian shale
units into host carbonate rocks adjacent to the hottest
parts of igneous intrusions in the north and western
part of the area; but nowhere were quantities of the
metals concentrated.

In the vicinity of Yogo Peak, several properties devel-
oped with adits or prospect pits have small inferred
resources of silver and copper or silver, copper, and lead.
The properties are located primarily on very thin veins
of igneous rock intruded into carbonate rock or in thin
inclusions of the carbonate rock in igneous plutons.
Quantities of sulfide ore minerals observed or inferred
are small and the ore grade is low. Mineral production of
record has been limited generally to hand-picked small
quantities.

At the west edge of the study area on Grendah Moun-
tain and in the upper reaches of the West Fork of Lost
Fork of the Judith River, adits or prospect pits have
been excavated in Devonian rocks. On Grendah Moun-
tain sulfide and oxide minerals containing lead, zinc,
copper, silver, and traces of gold occur beneath a sill in-
truded into basal Mississippian strata. Mineral occur-
rences on West Fork of Lost Fork are in calcareous
siltstone and limestone at the contact between Missis-
sippian and Devonian rocks. Metallic minerals at these
localities seem confined to single fractures, bedding sur-
faces or presumed veinlets a fraction of an inch wide.
The lateral continuity of the mineralized surfaces could
not be demonstrated in our study either by detailed ex-
amination or by geochemical sampling. The presence of
base- or precious-metal resources at these localities
seems unlikely.

At the junction of Yogo Creek and Kelly Coulee on the
east boundary of the study area, gem-quality sapphire
crystals have been mined from a basic igneous dike. The
dike extends 3 mi east from the boundary. Once a prin-
cipal source of sapphire gems in the nation, the mines









MIDDLE MOUNTAIN-TOBACCO ROOT ROADLESS AREA, MONTANA

By J. MICHAEL O’NEILL,! U.S. GEOLOGICAL SURVEY, and

ERIC E. CATHER, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey, made during 1979, 1980, and 1982 of the northern
part of the Tobacco Root Mountains, determined that the area included in or
enclosed by the Middle Mountain-Tobacco Root Roadless Area contains several
areas of probable or substantiated mineralresource potential. Most of the
mineralized areas are located in or adjacent to intrusive rocks of Late
Cretaceous age. Mineral resources are probably of three types: disseminated and
stockwork copper and molybdenum in porphyry-type deposits; gold-silver-
quartz veins; and gold-bearing silicified zones. No energy resources were iden-

tified in this study.

CHARACTER AND SETTING

The Middle Mountain-Tobacco Root Roadless Area is
located in the northern part of the Tobacco Root Moun-
tains of southwestern Montana. The area encompasses
about 62 sq mi, mainly within the Deer Lodge National
Forest. The Tobacco Root Mountains are a linear, north-
trending range; the combined lower Ruby and Jefferson
River valleys bound the range on the west and north
sides and the Madison River valley is located east of the
range. The highest peaks of the Tobacco Root Moun-
tains are located within the roadless area and reach a
maximum altitude of 10,604 ft on Mt. Jefferson. Topo-
graphic relief is nearly 5000 ft along the western part of
the range. The roadless area encompasses nearly all of
the headwaters of the South Boulder River, marked by a
ring of north-facing cirques along the formidable south-
ern boundary of the area. Middle Mountain is the promi-
nent peak that projects northward into the center of the
cirque complex.

Three major rock types are exposed in the roadless
area: layered Archean gneiss and schist are exposed
over much of the central and southern parts; dioritic to
granitic batholithic igneous rocks of Late Cretaceous
age occupy lobes in the southeast part; and sedimentary
rocks, mainly Paleozoic in age, are present along the
west and north sides. The range was strongly glaciated
in the Pleistocene and contains many cirques, tarns and
icecarved valleys. Quaternary deposits, mainly glacial

'With contributions by J. M. Linné, USBM.

in origin, commonly blanket the floors of the larger
mountain valleys.

The rocks of the roadless area are deformed to various
degrees. Archean rocks, the most strongly deformed,
were folded, faulted and strongly attenuated during
metamorphism at least 2.7 billion years ago (James and
Hedge, 1980). During Late Cretaceous and early Terti-
ary time, the Paleozoic sedimentary rocks were inten-
sely faulted and folded along the western and northern
sides of the roadless area (Schmidt and O’Neill, 1983;
O’Neill, 1983a). On the west, west-dipping, high-angle
reverse and thrust faults of small horizontal displace-
ment are associated with folds overturned to the east.
These faults merge to the north with oblique slip
reverse and thrust faults associated with the overthrust
belt structures of west-central Montana.

Two major northwest-trending, high-angle faults that
cross the Tobacco Root Mountains are present in the
roadless area. These faults, the Bismark and the
Mammoth, first formed in Precambrian time (Reid,
1957) and have been recurrently active (Schmidt, 1975);
they appear to have exerted a degree of structural con-
trol over the position and orientation of the part of the
northwest-trending Tobacco Root batholith that is pres-
ent in the roadless area.

MINERAL RESOURCES

The Middle Mountain-Tobacco Root Roadless Area
encloses or contains 12 patented mining claims and
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about 240 current unpatented claims. Several of these
claims are in areas that have probable or substantiated
mineral-resource potential (O’Neill, 1983c). Most of
these areas are located in or adjacent to intrusive rocks
of Late Cretaceous age.

Disseminated and stockwork copper and molyb-
denum sulfides are present in the southern part of the
roadless area at Granite Peak in that part of the batho-
lith that extends into the roadless area. The batholithic
rocks have been intruded by north-trending, fine-
crystalline granitic dikes. Exposures on the north face
of Granite Peak reveal strongly altered and fractured
rocks peripheral to these dikes characterized by altera-
tion of hornblende to chlorite, locally abundant thin
quartz veins, thin stockwork fractures filled with
sulfides, and disseminated copper and, less commonly,
molybdenum sulfides. Similar veins are also locally
abundant south of Granite Peak near Rossiter Lake.
Pyrite is present throughout the altered zone. Sulfide-
bearing breccia pipes, exposed about 1 mi north of
Granite Peak on the north side of Middle Mountain, are
composed of coarse, angular fragments of Precambrian
gneiss. The pipes are moderately stained yellow-orange
and contain abundant veinlets of sulfide minerals. Rock-
chip samples collected from the pipe contain silver,
arsenic, molybdenum and zinc (O’Neill, 1983b). The
pipes are probably related to the hydrothermal minerali-
zation at Granite Peak, and may represent an important
subsurface extension of the mineralized zone. Thus,
Granite Peak and part of Middle Mountain are regarded
as having substantiated mineral-resource potential for
copper and molybdenum.

The Nickelson and Bismark mines, located directly
north of Granite Peak and Middle Mountain, are geolog-
ically similar; both are located along the northwest-
trending Bismark fault zone, are peripheral to the
Granite Peak mineralized area, and are completely sur-
rounded by the roadless area. The Bismark mine is
presently inactive; it yielded 58,549 1b of copper, 7143 b
of lead, 1189 oz of silver, and 12 oz of gold in 1916-71
from quartz veins and zones of disseminated minerals
along the Bismark fault zone. Stream-sediment samples
collected from this area locally show anomalously high
base-metal values (O’Neill, 1980, 1983b). Gold resources
at the Nickelson mine appear to be restricted to the area
of the present mining claims; approximately 420 oz of
gold has been produced from the mine, and additional
gold resources were identified at the mine during this
study. Additional resources, if present, would most
probably be found along the northwestward or south-
eastward trace of the Bismark fault zone. Several small,
known gold-quartz veins are located within 0.25 mi of
the fault zone. Thus the area adjacent to the fault zone
and principally between the Bismark and Nickelson
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mines must be considered to have substantiated poten-
tial for base and precious metals.

Satellitic intrusive bodies of the Tobacco Root batho-
lith are present in the Boulder Lakes area, partly within
the roadless area. All of these bodies are felsic in compo-
sition and most contain minor disseminated or weakly
developed stockwork sulfides. One small porphyritic
latite plug adjacent to Lower Boulder Lake contains
disseminated fluorite and pyrite. A weakly mineralized
breccia pipe located on the ridge directly east of Lower
Boulder Lake contains sparce pyrite. Biotite gneiss ad-
jacent to this pipe is locally strongly bleached and
chloritization of biotite in brecciated igneous rocks in
the pipe is common. Prospects and mines in this area
have been dug along gold-bearing vein systems concen-
trated at the margins of the plutonic rocks. The prob-
able hydrothermal origin of the gold-bearing fissure
veins (Johns, 1961), the presence of numerous sulfide-
bearing stocks with locally abundant fluorite and lesser
tourmaline, and the nearby, weakly mineralized breccia
pipe may indicate that this area is underlain by a major
hydrothermal system. Alternatively, this area may
represent an extension of the hydrothermal system that
mineralized the Granite Peak area. Most mines in this
area explored precious-metal veins. Almost all of these
mines are outside the roadless area (Tansley and others,
1933; Johns, 1961), but some, such as those in the
Boulder Lakes area are directly adjacent to the roadless
area boundary. Several of these mines were closed at the
beginning of World War II and may have gold resources
at depth. The Boulder Lakes area is considered to have a
substantiated resource potential for gold and silver and
a probable resource potential for base metals.

The Strawn mine on the west side of the roadless area
is an active gold mine that is nearly surrounded by the
roadless area boundaries; the mine has yielded at least
1600 oz of gold since 1921. The main vein carries free
gold in a thin, silicified zone in limestone adjacent to a
thin granitic sill. The vein has been traced several thou-
sand feet southward into the roadless area. This area is
considered to have substantiated mineral-resource
potential for gold.
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MOUNT HENRY ROADLESS AREA, MONTANA

By RICHARD E. VAN LOENEN,! U.S. GEOLOGICAL SURVEY, and

MARTIN D. CONYAC, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the Mount Henry Roadless Area, Lincoln County, Mon-
tana, was conducted in 1980 and 1981. A small area located along the southwest
boundary was determined to have a probable mineral-resource potential for low-
grade deposits of stratabound copper and silver. There is little possibility for
locatable mineral, coal, oil, gas, and geothermal resources in the remainder of
the area. There are no mines, prospects, or records of mineral production within

the roadless area.

CHARACTER AND SETTING

The USGS and the USBM conducted studies in the
Mount Henry Roadless Area including geologic map-
ping (Van Loenen, 1983), geochemical sampling (Seims
and others, 1983), geophysical studies (Bankey and
others, 1983), a courthouse record search and on-site in-
spection of nearby mining properties by M. D. Conyac
in 1980, and the compilation of a mineral-resource
potential map by Van Loenen and others (1983).

The Mount Henry Roadless Area lies within the
Kootenai National Forest in Lincoln County, Montana,
and is approximately 36 mi north of Libby, Montana.
The area covers 36 sq mi of the heavily forested Purcell
Mountains in the drainage basin of the Kootenai River.
Altitudes range from 3400 ft along the Yaak River to
7200 ft on Mount Henry. Thick accumulations of glacial
debris cover much of the area. Bedrock is exposed
mostly on the high ridges, along some stream drain-
ages, and in recent logging roadcuts. Extensive logging
operations have taken place adjacent to the roadless
area, causing the very irregular boundary. Many of the
roads constructed for these operations are maintained,
providing easy access to most of the area. Trails are
limited within the area; many shown on 1963 topo-
graphic maps are in poor condition and difficult to
locate. This remote area is accessible from Highway 508
north of Troy, Montana, or by the Pipe Creek road north
of Libby, Montana.

The Mount Henry Roadless Area is underlain by
rocks of the Belt Supergroup, a thick sequence of meta-
sedimentary rocks of Proterozoic age (850-1400 million

'With contributions from David F. Siems, Reinhard W. Leinz, Viki Bankey, M. Dean
Kleinkopf, and Donald Hoover, USGS.

years old). In Proterozoic time sediments (muds, silts,
fine sand, and carbonates) accumulated to over 40,000 ft
in thickness in a large basin known as the Belt basin of
western Montana, Idaho, and southern Canada. Lithifi-
cation of these sediments was later followed by low-
grade regional metamorphism resulting in the present
rock types, argillites, siltites, quartzites, and recrystal-
lized limestones of various drab shades of gray, green,
and red. Folding, faulting, and erosion have exposed
nearly 16,000 ft of this section within the roadless area.

The structural history of the region probably began
during Proterozoic time when tectonism was limited to
faulting associated with subsidence and downwarping
as the basin was filled by great thicknesses of sedi-
ments. Major tectonic deformation began about 200
million years ago and continued throughout the Lara-
mide orogeny (50-60 million years ago). The rocks of
this region are thought to be an allochthonous part of an
extensive fold and thrust belt that has been transported
eastward many miles across coeval autochthonous
rocks in the Cordillera of Idaho, Montana, and southern
Canada.

The structural setting of the Mount Henry Roadless
Area is a broad anticline with a north-trending axis lo-
cated near the center of the area. Erosion along the axis
of the anticline has exposed the oldest rocks in the road-
less area. A northerly trending thrust fault with move-
ment from west to east nearly bisects the anticline. Also
transecting the roadless area are north-northwest-
trending high-angle faults, some with as much as 2000
ft of displacement.

Many of the physiographic features present today in
the Mount Henry Roadless Area result from erosion
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and deposition of glacial deposits by Cordilleran ice
sheets and alpine glaciers during Pleistocene time.

The U.S. Government owns all surface and mineral
rights in the Mount Henry Roadless Area. No mines or
evidence of prospecting were seen in the roadless area
during this investigation, although the area is on the
periphery of the Yaak (Sylvanite) district, which is
centered 25 mi to the southwest, and the Ural district,
which lies 15 mi to the southeast. Reported production
from the Yaak district totaled 22,500 tons of ore valued
at the time at $251,600 from iron-copper-lead sulfides
and native gold. Nearly all production was from one
mine that operated prior to 1937. The Ural district has
about seven lode and three placer properties. Produc-
tion is unreported or reported only as small, possibly
only a few hundred tons.

MINERAL RESOURCES

The Mount Henry Roadless Area is underlain by at
least two formations (Revett and Prichard Formations
of the Belt Supergroup) that elsewhere in the Belt basin
host deposits of coppersilver and lead-zinc. These
deposits are stratabound in nature and probably orig-
inated during early diagenesis; seemingly other deposits
should exist, given the same favorable conditions, in
rocks of the same age and same stratigraphic position.
Special attention was given to identifying these types of
deposits within the Mount Henry Roadless Area, but
none were found. Several prospects and a few produc-
tive mines are located on fault structures in adjacent
areas, and some of these structures extend into the
Mount Henry Roadless Area. Only a few randomly scat-
tered samples containing slightly anomalous concentra-
tions of metals were found along these structures.
Geophysical studies which included gravity and aero-
magnetic surveys, and audiomagnetotelluric soundings
did not define any unusual or anomalous areas.

The Revett Formation (quartzite) hosts stratabound
occurrences of copper and silver at several localities in
the western part of the Belt basin. One mine in the Spar
Lake district south of Troy, Montana, and 55 mi south
of the roadless area is currently producing copper-silver
ore which averages 0.7 percent copper and 1.5 oz of
silver/ton. The Mount Henry Roadless Area lies just
north of a “Western sulfide belt” (which includes the
Spar Lake district) identified as an area favorable for
stratabound deposits of copper and silver. The Revett
Formation is well exposed on prominent ridges in the
roadless area where it was carefully studied and
sampled. No indications of mineralization were seen in
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outcrop and samples collected and analyzed were
largely barren.

Minor indications of copper- and silver-bearing
minerals occur in rocks of the Burke Formation of the
Belt Supergroup just below the Revett Formation
southwest of the roadless area. This occurrence is only a
few inches thick and probably is not extensive laterally.
Channel samples collected several feet above and below
the copper zone contain only trace amounts of copper.
Small stratabound copper and silver occurrences such
as this are not uncommon in most formations through-
out the Belt basin. This area and its extension into the
roadless area are shown as having probable copper and
silver resource potential.

Stratabound lead-zinc mineral occurrences are known
in lower Belt rocks approximately 60 mi north of the
Mount Henry Roadless Area near Kimberley, British
Columbia. High-grade lead-zinc ore is being mined from
the lower middle part of the Aldridge Formation (Cana-
dian equivalent to the lower part of the Prichard) at the
Sullivan mine. This stratigraphic horizon is exposed a
few miles west of this roadless area, where it contains no
known deposits of lead and zinc minerals. In the Mount
Henry Roadless Area, the same horizon would occur
several thousand feet below the surface and well below
the lowermost Prichard exposures.

Gold was not found in any stream-sediment samples
or concentrates collected from the area of the early
placer claims.

The oil and gas potential of the Mount Henry Road-
less Area is unknown. Phanerozoic source rocks could
be present beneath the thrust fault that underlies the
allochthonous Proterozoic rocks of the area, but this
possibility is considered unlikely. No drilling has been
done anywhere in the region.

SUGGESTIONS FOR FURTHER STUDIES

The Revett and Prichard Formations of the Belt basin
have been the focus of attention of many exploration
companies in recent years for deposits of copper-silver
and lead-zinc. Exploration also continues in a search for
younger (Phanerozoic) rocks beneath older (Proterozoic)
rocks which might contain oil and gas. Many forma-
tions throughout the Belt basin are poorly understood,
and their potential for oil and gas and base metals prob-
ably is not yet realized. A better understanding of the
ore controls in Belt rocks and tectonic structures of the
Belt basin on a regional scale could conceivably indicate
favorable ground in the Mount Henry Roadless Area;
however, until then, further studies are probably not
warranted.









NORTH ABSAROKA STUDY AREA, MONTANA

By J. E. ELLIOTT, U.S. GEOLOGICAL SURVEY, and

R. B. STOTELMEYER, U.S. BUREAU OF MINES

SUMMARY

A mineral survey of the North Absaroka study area was conducted during
1973 and 1974. The results of this survey indicate that parts of the area are ex-
tensively mineralized and that the area has potential for resources of gold,
silver, copper, molybdenum, nickel, lead, zinc, platinum-group metals, uranium,
iron, manganese, chromium, tungsten, and arsenic. Six areas of probable and
substantiated mineral-resource potential were identified. The nature of the
geologic terrain indicates that there is little likelihood for occurrence of oil, gas,

coal, or geothermal resources.

CHARACTER AND SETTING

The purpose of this mineral survey was to evaluate
the mineral-resource potential of the North Absaroka
study area, an area of approximately 540 sq mi in the
Gallatin National Forest, Park and Sweet Grass Coun-
ties, Montana. This area was proposed as an addition to
the Beartooth and Absaroka Primitive Areas studied
previously (Simons and others, 1973; Wedow and
others, 1975). Most of these three areas have been com-
bined to form the Absaroka-Beartooth Wilderness. This
report has been summarized from reports by Elliott and
others (1983) and Stotelmeyer and others (1983).

The North Absaroka study area is located in south-
central Montana just north of Yellowstone National
Park. On the southwest, west, and north sides the area
is bordered by the valley of the Yellowstone River and
on the northeast side it is bordered by the Boulder
River. Nearly all of the area has extremely high relief
and rugged topography. More than 25 peaks have alti-
tudes in excess of 10,500 ft with the highest being Mt.
Cowen (11,206 ft) in the west-central part of the area.

The North Absaroka study area spans two major geo-
logic provinces; the western part of the Beartooth uplift
and the northeastern part of the Absaroka-Gallatin
volcanic province. The Beartooth uplift is a broad fault-
bounded structural block that rises abruptly from the
Great Plains province to the north and east. The uplift
is bounded on the north by the Crazy Mountain basin, a
northwesterly trending structural basin filled with
sedimentary and volcaniclastic rocks and on the west by
the alluvium-filled valley of the Yellowstone River. No

sharp topographic break exists along much of the
southern part of the uplift where it merges into the
Absaroka-Gallatin volcanic province.

Metamorphic and igneous rocks of Precambrian age
constitute the core of the Beartooth uplift and make up
about 60 percent of the bedrock of the study area. Ter-
tiary igneous rocks of the Absaroka-Gallatin volcanic
province cover the southern part of the study area and
make up about 30 percent of the bedrock. Sedimentary
rocks of Paleozoic and Mesozoic age cover half the re-
maining area, and the rest consists of surficial deposits
of Quaternary age (glacial deposits, alluvium, land-
slides, and talus that conceal bedrock in many places).

This region has had a long and complex geologic
history. During the period of about 3500 to 1000 million
years (m.y.) ago sedimentation and volcanism were
followed by several periods of folding, faulting, meta-
morphism and igneous intrusion. The region was cov-
ered by shallow seas during the Paleozoic and Mesozoic
Eras, about 570 to 63 m.y. ago; during this time a thick
pile of carbonate and clastic sedimentary rocks were
deposited. Following this lengthy period of crustal
stability, the Laramide orogeny began in the late
Mesozoic and continued into the early Tertiary, about
60 to 40 m.y. ago. During this orogeny, the Beartooth
uplift was formed, many intrusives were emplaced, and
volcanic rocks of the Absaroka-Gallatin volcanic prov-
ince were formed. In late Tertiary time (25 to 2 m.y. ago)
the region was uplifted to approximately its present
altitude. Glaciation and erosion during Quaternary time
developed the present topography.

The geologic structure of the study area is complex
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and is the cumulative result of two periods of major
deformation. Precambrian deformation produced a com-
plex series of structures and included several periods of
folding. Laramide deformation consisted of the develop-
ment of several high-angle normal and reverse faults
which bound major structural blocks of the Beartooth
uplift. A major zone of structural downwarping, the
Cooke City zone, which trends southeastward from Mill
Creek to the Clarks Fork canyon in Wyoming may be a
control for Tertiary volcanic vents, plutons, dikes, and
mineralized areas. Paleozoic and Mesozoic rocks were
also folded during the Laramide.

MINERAL RESOURCES

The mineral survey by the USGS and the USBM
included geologic mapping, geochemical sampling,
geophysical surveys, a search of courthouse records, ex-
amination of claims and mineralized areas, and a com-
pilation of production records. During the geochemical
survey samples of rocks and stream sediments were col-
lected and analyzed. Geophysical studies consisted of
aeromagnetic and gravity surveys.

The study area includes all or parts of seven organized
and unorganized mining districts and subdistricts.
More than 3500 lode and 580 placer claims have been
recorded within the study area or the excluded cor-
ridors. Geothermal lease applications for about 40 sq mi
have been made on two tracts in the southwest part of
the area.

Recorded and estimated production from the study
area and excluded corridors has been about 50,000 oz of
gold and minor amounts of silver, copper, lead, and zinc.
Production from the Sheepeater (Jardine) district adja-
cent to the southwestern corner of the study area has
been 180,000 oz of gold, 778,000 lbs of tungsten triox-
ide, 12.6 million Ibs of arsenic trioxide, and minor
amounts of copper, lead, and silver.

The only active mining operations in the study area
during 1973-74 were a small placer and development at
a small lode mine. However, several mining companies
were conducting exploration programs in different parts
of the area.

A variety of metallic mineral deposits occur in and
adjacent to the study area. The majority of these are
clustered in four areas: the Emigrant-Mill Creek area,
the Boulder (Independence) mining district, the
Stillwater-Natural Bridge area, and the Sheepeater
(Jardine) mining district.

In the Emigrant-Mill Creek area and the Boulder min-
ing district the mineralization is related to igneous
rocks of early Tertiary age. Both areas contain vein,
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replacement, and disseminated types of deposits con-
taining base and precious metals and molybdenum. The
Emigrant-Mill Creek area also has stockwork and brec-
cia pipe deposits within the Emigrant stock. In both
areas, there is an apparent zonation of metals and
alteration facies centered on eruptive centers of Tertiary
age. These areas have produced significant amounts of
gold and minor amounts of silver, copper, lead, and zinc.
Other metals known to occur in these two areas are
molybdenum, tungsten, bismuth, manganese, and iron.
Both areas (areas 1 and 2, on map) have a substantiated
resource potential for porphyry-type copper and molyb-
denum deposits.

Two other areas with known deposits are the Sheep-
eater (Jardine) mining district and the Stillwater-
Natural Bridge area. The mineral deposits are in rocks
of Precambrian age, but, the metal suites and types of
deposits are very different in each of the areas. In the
Sheepeater district, gold-tungsten-arsenic deposits oc-
cur in Archean banded ironstone and carbonaceous
metasedimentary rocks and are similar to those of the
Homestake mine at Lead, South Dakota (Seager, 1944;
Hallager, 1982; Rye and Rye, 1974). These are strata-
bound deposits genetically related to ironstone beds
which have been remobilized and folded during meta-
morphism and plutonism. This geologic terrane extends
into the study area (area 6) and geochemical anomalies
indicate that there is a probable resource potential for
similar types of deposits. The Stillwater-Natural Bridge
area encloses several types of mineral deposits located
in or near the lower part of the Archean Stillwater Com-
plex, a mafic and ultramafic stratiform igneous body
that outcrops along the northeast edge of the Beartooth
uplift. The area of substantiated mineral-resource
potential (area 3) includes the Stillwater Complex that
contains a substantiated resource potential for
stratiform magmatic deposits of chromium, nickel, cop-
per, and platinum group metals and also includes small
quartz-gold veins in Precambrian hornfels near the base
of the Stillwater Complex.

Two additional areas within the study area have prob-
able mineral resource potential: the Livingston Peak
area for copper (area 4) and Hawley Mountain-West
Boulder for uranium and molybdenum (area 5). This
assessment was based on favorable geology, geochem-
ical and geophysical anomalies, and recent exploration
activity.

SUGGESTIONS FOR FURTHER STUDIES

Further studies are recommended for the Emigrant
intrusive center, the Livingston Peak area, and for the
areas of occurrence of Precambrian iron formation.









RATTLESNAKE ROADLESS AREA, MONTANA

By C. A. WALLACE, U.S. GEOLOGICAL SURVEY, and

RONALD T. MAYERLE, U.S. BUREAU OF MINES

SUMMARY

Geologic, geochemical, and geophysical surveys of the Rattlesnake Roadless
Area by the USGS in 1979 and USBM in 1982 identified a small area of substan-
tiated resource potential for a low-grade stratabound copper occurrence along
the northwest border of the area. A demonstrated barite (BaSO,) resource of 45
tons and a demonstrated limestone resource suitable for cement production are
present in the southern part of the roadless area. Limestone, silica in quartz
veins, and sand and gravel deposits are known in the southern part of the area
but similar deposits occur widely outside the study area. There is little promise
for the occurrence of energy resources in the Rattlesnake Roadless Area.

CHARACTER AND SETTING

The Rattlesnake Roadless Area encompasses a moun-
tainous area of about 71 sq mi in the southern part of
the Jocko Mountains, western Montana. The roadless
area is about 3 mi north of Missoula and is bordered on
the north and northwest by the Flathead Indian Reser-
vation. Paved and gravel roads provide access to the
roadless area from the south and east. The upper
reaches of Grant, Rattlesnake, and Wrangle Creeks flow
through the rugged topography of sharp ridges and
peaks, and deep, steep-sided canyons typical of glacially
sculptured terranes. Numerous small lakes occupy
glacial valleys in the roadless area. McLeod Peak, along
the north border of the roadless area, is 8280 ft high,
and nearby Missoula is at about 3200 ft at the east end
of a broad valley.

The approximate boundaries of the Rattlesnake
Roadless Area shown on the map are those established
in 1979 when the geologic, geophysical, and geochem-
ical studies were conducted. In 1980 the northern part
of the roadless area was proposed as wilderness, and the
south part of the area was proposed as a national recrea-
tion area. The original study area is a patchwork of
private land ownership interspersed with land admin-
istered by the USFS.

Most of the Rattlesnake Roadless Area is underlain
by hard and resistant weathering sedimentary rock of
the Belt Supergroup, which is older than about 950
million years. The oldest exposed rock unit contains
some limestone and dolomite that is interbedded with
fine-grained sandstone and mudstone. Rock units above

this oldest unit are mainly red and green mudstone, in-
terbedded with fine-grained sandstone, and cleanly
washed sandstone and conglomerate of the Missoula
Group. After deposition of these units, a period of
uplift, faulting, folding, and intrusion of dikes and sills
occurred. About 600 million years ago this region was
again inundated by the sea; sandstone, shale, and
limestone of early Paleozoic age were deposited on an
eroded surface. Presumably younger Paleozoic sedimen-
tary rocks were deposited in the region after deposition
of the early limestone, but later erosional events may
have removed these rocks. Before approximately 80
million years ago large plates of rock were pushed
eastward as thrust plates, which eventually formed the
Montana segment of the thrust belt. The Rattlesnake
thrust plate, the leading edge of which trends southeast
across the roadless area, is only one part of the larger
Montana thrust belt. Rocks of Belt age and of early
Paleozoic age were transported to their present position
an unknown distance from the southwest or west. After
emplacement of the Rattlesnake thrust plate, vertical
faulting occurred and later glacial sculpting formed the

present rugged topography of the roadless area.
Geochemical studies included sampling and analysis
of rocks, stream sediments, and panned concentrates.
Geophysical interpretations are based on an aeromag-
netic survey and a gravity survey of the roadless area.
A survey of mining records and field study of pros-
pects and mining claims indicates that there was no
mineral production from the roadless area. At least 99
lode claims have been located since 1866, but none of

the claims are current within the roadless area.
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MINERAL RESOURCES

The Rattlesnake Roadless Area does not contain
sedimentary rocks that are traditionally associated with
large mineral deposits. Granitic plutons that might con-
tain mineralization systems similar to that of Butte, are
absent. Older rocks of the Belt Supergroup that contain
copper-silver or lead-zinc-silver elsewhere are absent.

Geologic, geochemical, and geophysical surveys
located four areas that showed evidence of mineraliza-
tion or had suggestive high geochemical anomalies.
Three of those four areas contain dikes and sills that are
exposed at the surface or that are thought to be buried
at shallow depth. The dikes and sills contain anoma-
lously high amounts of titanium, manganese, chro-
mium, zirconium, cobalt, vanadium, niobium, and zinc,
but they have little promise for the occurrence of
resources because the concentrations of commodity
elements in the rocks are relatively low and because
dikes and sills containing this suite of elements occur at
numerous other locations in western Montana. The
fourth area located during this survey, south of McLeod
Peak, contains a small low-grade stratabound copper oc-
currence. The mineralized rock occurs in a zone that con-
tains dispersed thin beds of dolomitic, fine-grained
sandstone. Beds that contain copper and some silver
minerals are thin, low grade, and discontinuous. About
35,000 tons of inferred resources containing about 0.55
percent copper and 0.2 oz silver/ton occur and the area is
considered to have substantiated resource potential.

Numerous, isolated, single-element geochemical
anomalies occur locally in the roadless area, but none of
these could be related to specific systems of mineraliza-
tion using geologic, geochemical, or geophysical inter-
pretations.

A barite vein is located on land controlled by Mon-
tana Power Company. The barite vein contains demon-
strated barite resources of about 45 tons but the full
extent of the vein is not known. Industrial-grade lime-
stone occurs at the Lime Kiln prospect. Two other areas
of similar limestone occur in the roadless area and these
are shown as outcrops of Paleozoic rocks. The occur-
rence at the Lime Kiln prospect contains an estimated
500,000 tons of demonstrated limestone resources suit-
able for cement production.

Although limestone, quartz veins, and sand and
gravel deposits are known in the roadless area, similar
deposits occur widely in the region outside the area.
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Barite resources occur in numerous deposits 25 mi east
of the roadless area in the Garnet Range.

The roadless area has little promise for the occurrence
of coal, radioactive mineral, or geothermal resources.
Although the Hellgate coal mine, located south of the
roadless area, was active intermittently until 1944,
young valley-fill deposits that contain the coal do not
extend into the roadless area. The potential for the oc-
currence of oil and gas in the roadless area is unknown.
The rocks exposed at the surface typically do not pro-
duce oil or gas, but thrust faulting may have pushed
these older rocks over younger rocks that do have
potential for oil and gas. However, based on regional
knowledge of rock types and thrust faulting, it is con-
sidered unlikely that oil and gas resources exist in the
area.

SUGGESTIONS FOR FURTHER STUDIES

No further studies on the potential for the occurrence
of mineral resources are suggested for the Rattlesnake
Roadless Area. The potential for the occurrence of oil
and gas resources depends mainly on the possibility
that oil-bearing strata may be present below the Rattle-
snake thrust plate, and that regional thermal gradients
have remained low enough during the last 225 million
years to preserve oil or gas; that possibility remains to
be studied.
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MINERAL RESOURCES

Mineralized areas occur along and adjacent to the
margins of the Sapphire batholith in the study area, and
these geologic terranes have probable mineral-resource
potential for gold, silver, lead, copper, and zinc. Ad-
ditional areas of probable or substantiated mineral-
resource potential exist for gold in placers derived from
the bedrock deposits.

The Frogpond basin area (A) is a large area of prob-
able resource potential in the southern part of the study
area. Demonstrated and inferred resources occur in
sulfide-bearing quartz veins at the Miller and Lutz
mines and inferred resources occur in sulfide-bearing
quartz veins at the Montana Prince claim group.
Demonstrated gold-placer resources occur at the Gold
Bar prospect in an area of substantiated placer gold
resource potential along Lutz Creek and areas of prob-
able gold-placer resources occur elsewhere in Lutz
Creek, in Cuba Creek, and in tributaries to Moose Creek.
Commodities in the Frogpond basin are gold, silver,
lead, copper, zinc, and possibly tungsten. There may be
a potential for the occurrence of gold in placers in glacial
deposits (till and outwash) that blanket the valleys and
form meadows in the Frogpond basin area.

The Senate mine, which is located adjacent to the
study area, contains demonstrated and inferred re-
sources of copper, silver, and a trace of gold. Sulfide
minerals replace quartzite and occur in veins in shear
zones; mineralized rocks may extend into the study area
and into the adjacent Anaconda-Pintlar Wilderness and
the area has a probable potential for copper, silver, and
gold (B). Gold was detected in stream deposits down-
stream from the Senate mine, therefore glacial and
modern stream deposits, and the area around the mine
are also assigned a probable potential for the occurrence
of a placer gold resource.

The Rainbow prospect is on a sulfide-bearing quartz
vein that contains demonstrated resources of gold and
silver. A probable gold placer resource occurs in Meyers
Creek, which drains the area of the Rainbow prospect
(©).

At the Banner mine, now inaccessible, a sulfide-
bearing vein system adjacent to the boundary of the
study area had production of gold, silver, copper, and
minor lead. Prospects of the Lucky Strike claims (Bentz
mine) contain resources of molybdenum and tungsten in
sulfide-bearing quartz veins in granitic rocks.

In the South Fork of Ross Fork (D) an area of sulfide-
bearing quartz veins occurs in several prospects in
granitic rocks; this area has a probable mineral-resource
potential for gold, silver, lead, and zinc. Gold-bearing
placers, apparently derived from the nearby veins, are
classed as areas of probable mineral-resource potential.

Green Canyon Creek (E) contains glacial and modern
stream deposits that have a probable potential for a
small resource of gold. The source of the gold in placers
could be sulfide-bearing veins in the headwaters of
Green Canyon Creek, or gold could have been trans-
ported from Frogpond basin with glacial deposits where
the glacier spilled over the ridge into Green Canyon
Creek.

In the west-central part of the study area, a small,
weakly mineralized area has probable mineral-resource
potential (F). Sulfide-vein minerals and sulfide replace-
ment minerals contain gold, copper, and molybdenum.
The main importance of this occurrence is that these
deposits may be the source of gold that occurs to the
west in the headwaters of Skalkaho Creek and to the
east in Ross Fork of Rock Creek (G).

In the west and northwest parts of the Sapphire
batholith, a suite of rare-earth and related elements is
found in rock samples, and appears to be related to the
minerals allanite, sphene, and zircon in granitic rocks.
Rock samples contain anomalously high amounts of
vanadium, scandium, cobalt, yttrium, lanthanum, tita-
nium, and niobium. Stream deposits in the West Fork of
Rock Creek derived from these granitic rocks contain
anomalously high amounts of tin, thorium, niobium,
and some gold. These anomalously high values are not
indicative of resource potential. This area shows little
promise for the occurrence of rareearth and related
metal resources.

Numerous small areas were located during this study
that had high geochemical anomalies, some small vein
occurrences, or prospect pits, but these areas lack
evidence to suggest occurrence of resources.

Although the northern part of the Sapphire batholith
shares some geologic, geochemical, and geophysical af-
finities with known copper and tin porphyry-type
deposits, available data do not identify a resource
potential for these deposits.

There is little promise for the occurrence of oil and
gas, coal, geothermal resources, and radioactive
minerals in the Sapphire Wilderness Study Area. Rocks
that have potential as sources for hydrocarbons do not
occur at the surface in the southern Sapphire Moun-
tains. The probability that potential source rocks could
exist at depth beneath thrust sheets in the study area
cannot be evaluated from existing data. However,
because intrusion of the Sapphire batholith produced
temperatures of 400° to 600° C in rocks now exposed at
the surface, it is doubtful that oil or methane-bearing
gas would have survived in rocks near the surface or at
depth. Coal is unlikely to occur because Tertiary rocks
that typically contain coal beds in this region are absent
in the study area. Hot springs, young volcanic rocks,
and other surface evidence of possible geothermal
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resources are absent from the study area. A recon-
naissance survey with a hand-carried scintillometer pro-
duced no evidence that radioactive minerals occur in
significant amounts in the intrusive rocks of the study
area.

SUGGESTIONS FOR FURTHER STUDIES

Detailed study of the Frogpond basin area offers the
greatest possibility for establishing the occurrence of
additional resources. Undiscovered vein systems may
be present in this area. The relations of vein systems to
gold placers remains to be established, and placers
should be evaluated using modern scientific methods.
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SCOTCHMAN PEAK WILDERNESS STUDY AREA, MONTANA AND IDAHO

By R. L. EARHART, U.S. GEOLOGICAL SURVEY and

N. T. Z1LKA, U.S. BUREAU OF MINES

SUMMARY

A geologic and mineral survey of the Scotchman Peak Wilderness study area
in northwestern Montana and northeastern Idaho was completed in 1975. The
mineral-resource potential was evaluated by geological, geochemical, and
geophysical studies and by the examination of mining claims. The results of the
investigations indicated that the eastern part of the area has a substantiated
mineral-resource potential for copper and silver. As a result of this study it was
determined that there is little promise for the occurrence of energy resources in

the area.

CHARACTER AND SETTING

The area covers about 58 sq mi in the Cabinet Moun-
tains. It is mostly underlain by fine-grained metasedi-
mentary rocks of the Belt Supergroup of Proterozoic
age that are locally intruded by granodiorite and diorite
plutons, sills, and dikes of Cretaceous(?) and Tertiary(?)
age. The eastern half of the area is highly faulted and
folded. The Hope fault, a major strike-slip structure,
trends northwest along the southwest boundary of the
area.

MINERAL RESOURCES

Approximately 439 claims were located in and near
the study area. Mines south of the southern boundary of
the area have produced nearly 300,000 tons of gold,
silver, copper, lead, and zinc ores, and the area near
these mines may contain additional undiscovered metal-
lic ores.

The Star Gulch area (locality 1 on map) contains
highly anomalous amounts of copper and silver in a
zone about 10,000 ft long and 100 ft wide. The anomaly
reflects a stratabound occurrence of disseminated cop-
per and silver minerals in quartzite of the lower part of
the Revett Formation of the Belt Supergroup. The geo-
logic setting of the mineralized zone is similar to that of
the Spar Lake deposit 2 mi northeast of the study area,
which contains an estimated 58 million tons of dissemi-
nated ore with an average grade of 0.79 percent copper
and 1.67 oz silver/ton. The geochemical results from the

Star Gulch area indicate a substantiated mineral-
resource potential for a deposit at shallow depth and of
similar size and grade to the Spar Lake deposit.

A broad area in the eastern part of the Scotchman
Peak area (locality 2), contains scattered occurrences of
stratabound copper, small copper and silver geochem-
ical anomalies, and a few copper-bearing quartz veins in
the Revett Formation. The widespread occurrences indi-
cate that this part of the study area has a probable
mineral-resource potential for larger deposits too deep
to detect by surface sampling methods.

The Ross Point area (locality 3) contains several base-
metal-bearing quartz veins in the Revett Formation
that have been explored by means of small adits and
pits. One vein with small amounts of bornite and chal-
copyrite has a maximum thickness of 16 ft and contains
430,000 tons of demonstrated silver and copper re-
sources that average 0.07 oz silver/ton and 0.13 percent
copper. The area has been partially explored by dia-
mond drilling for stratabound copper-silver deposits.
Additional subsurface exploration may possibly reveal
higher-grade material in either vein or stratabound
occurrences.

The Blue Creek and Broken Hill mines, just outside
the Scotchman Peak study area (locality 4) have pro-
duced 675 tons of zinc-lead-silver ore and are inferred to
contain additional resources. The ore minerals are con-
centrated in the shear zones of faults that trend north-
erly into the study area. These unexplored extensions of
the shear zones have a probable mineral-resource poten-
tial for small additional resources of zinc, lead, and
silver.

745



Mineralized quartz veins in the area west of Scotch-
man Peak contain highly localized concentrations of
lead, copper, and zinc minerals. The veins are near gran-
odiorite intrusive rocks and the Hope fault. Because the
base metal occurrences are small and of low grade, this
part of the area has little promise for the discovery of
mineral resources.

As a result of this study it was determined that there
is little promise for the discovery of energy resources in
the area.

SUGGESTIONS FOR FURTHER STUDIES

Additional detailed studies would help to define the
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resource potential of localities 1, 2, and 3 of the study
area. Such studies should consist of detailed mapping
and sampling of mineralized or geochemically anoma-
lous sites, and detailed geophysical work, such as in-
duced polarization surveys.
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TEN LAKES WILDERNESS STUDY AREA, MONTANA

By JAMES W. WHIPPLE,'! U.S. GEOLOGICAL SURVEY, and

MICHAEL M. HAMILTON, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey of the Ten Lakes Wilderness Study Area, Mon-
tana, was conducted by the USGS and USBM in 1980-82. Areas of probable or
substantiated mineral potential were found surrounding zones of past mining
activity east of Independence Peak where copper-bearing veins are hosted by
basaltic lava flows. Three mines contain demonstrated or inferred resources, and
there are numerous prospects. Other areas of probable resource potential in-
clude an area on Sinclair Creek with copper occurrences similar to those of the
Independence Peak area, an area including Gibralter Ridge where lead and zinc
veins are hosted by sedimentary rocks, two areas where zinc-copper occurrences
are related to metadiorite sills, and two areas that contain stratabound copper
occurrences. The areas with copper and lead-zinc veins may also be of interest
for deeply buried mineralized systems, as the veins may be the surface expres-
sion of plutons at relatively shallow depths. Although there is current interest in
oil and gas in this area, there seems little likelihood for the occurrence of these

resources, or for other energy resources, on the basis of available information.

CHARACTER AND SETTING

The Ten Lakes Wilderness Study Area contains about
53 sq mi mostly in the Kootenai National Forest, Lin-
coln County, Montana. This study area spans the south-
ern end of the Galton Range and its northern limit coin-
cides with the boundary between the United States and
Canada. Around Ten Lakes Basin, in the north part of
the area, approximately 10 sq mi are presently desig-
nated the Ten Lakes Scenic Area. Much of the study
area is forested; however, above 6600 ft, the forest cover
changes to alpine meadows, rock-floored basins, and
rocky crags. A compliment of small alpine lakes dot the
Ten Lakes Scenic Area; most are near 6800 ft in alti-
tude. Poorman Mountain, which overlooks Wolverine
Lakes, is the highest peak and reaches an altitude of
7832 ft. Primary access to the study area is provided by
USFS Road 319 that begins at Montana State Highway
93, 8 mi south of Eureka, Montana, and passes up
Grave Creek and the Wigwam River to Therriault
Lakes. Numerous secondary timber-access roads and

'With contributions from W. J. Perry, R. W. Leinz, and M. D. Kleinkopf, USGS, and D. W.
Avery, USBM.

pack trails furnish access to the interior of the Ten
Lakes Wilderness Study Area.

Precambrian sedimentary rocks of the Belt Super-
group underlie all of the Ten Lakes Wilderness Study
Area and consist of varicolored argillite, siltite, arenite,
limestone, and dolomite. Sedimentary rocks are approx-
imately 10,000 ft thick, and were deposited in shallow,
near-shore marine and conjugate fluvial environments.
Igneous rocks of the study area include the Purcell Lava
which is dominantly basalt and intertongues with sedi-
mentary rocks. The Purcell consists of several thin (less
than 7 ft thick) flows, most of which were extruded in a
subaerial environment. A Precambrian(?) metadiorite
sill is also interlayered with the sedimentary rocks.

All rocks in the study area were transported eastward
by thrust faults and are now probably several miles
from their original site of deposition. This setting is
typical of Rocky Mountain Thrust Belt terranes. Bor-
dering the study area on the west and forming the east-
ern edge of the geologic and geographic feature called
the Rocky Mountain trench is a large fault that sepa-
rates the Tobacco Plains from the Galton Mountains.
This fault is estimated to have about 10,000 ft of ver-
tical displacement.
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MINERAL RESOURCES

Prospecting, claim staking, and mining began in the
1890’s when miners developed base- and precious-metal
veins in the area. County mining records indicate that
117 claims have been located within or adjacent to the
study area from the 1890’s to 1981. Many of the records
are of relocations; six claims were patented. There is no
indication of any mineral production having occurred in
the study area except possibly from the Independence
claim group. Current activity consists primarily of pros-
pecting and minor claim staking.

Geologic, geochemical, and geophysical investiga-
tions have identified four kinds of resources in the study
area: copper occurs in well-developed vein systems and
shear zones, is hosted by the Purcell Lava, and has been
the most developed; veins that contain lead, zinc, silver,
and barite are present at the south end of the study
area, on the nose of Gibralter Ridge, and are hosted by
the sedimentary rocks (some of these veins were being
prospected at the time of this study); small isolated oc-
currences of mineralized rock are associated with a thin
metadiorite sill; and copper in stratabound occurrences
was found in calcareous arenite beds in some of the
sedimentary rock units.

Most of the mines and prospects in the study area are
in the northwest part and are located on copper-bearing,
quartz-barite-siderite veins that are hosted by the
Purcell Lava. Although copper is the principal metal in
the veins, silver, gold, and lead occur in sparse amounts.
Aeromagnetic anomalies in the vicinity of Independ-
ence Peak (area A, on map) suggest small, near-surface
granitic intrusions, and analysis of stream sediments in-
dicates anomalous copper in most drainages. Parts of
this area are assigned a substantiated resource poten-
tial; other parts are classified as having a probable
resource potential.

Most of the copper-bearing veins in the Purcell Lava
also contain barite as gangue. The percentage of barite
varies, but this mineral is reported to make up as much
as 60.6 percent Ba0 (Johns, 1970, p. 152) in some veins.
There has been no known production of barite from any
of the vein systems (R. G. Berg, Montana Bureau of
Mines and Geology, oral commun., 1983); however, if
certain of the copper-bearing veins were to be mined, it
is possible that barite might be recovered as a byprod-
uct. Three mines or claims in the Independence Peak
area have demonstrated resources of copper, silver, and
barite. The Red Bird, Midnight, Copper Kettle, and
Eureka claims (loc. 1) have resources of 440,000 tons of
rock averaging 0.64 percent copper and 0.33 oz silver/
ton. The Green Mountain mine (loc. 2) has resources of
2900 tons of rock averaging 0.67 percent copper and
32.9 percent barite. The Independence mine (loc. 3) has
resources of 18,000 tons of rock averaging 2.9 percent
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copper and additional resources of 1,300,000 tons of
rock averaging 0.5 percent copper. A smaller area (area
B) south of Independence Peak has a similar geologic
setting. This area is assigned a probable resource poten-
tial for copper and associated metals; the grades of the
resources and the expected tonnages are small.

In the south end of the study area, on Gibralter Ridge
(area C), several prospects explore argentiferous lead-
zinc-bearing veins. The area containing these veins has
a probable resource potential for silver and base metals.
Dolomite host rocks are locally silicified and pyritic and
suggest some hydrothermal alteration; and although no
geophysical anomalies are centered over Gibralter
Ridge, small aeromagnetic highs are present on the east
and west sides of the ridge. If a shallow-buried pluton is
present, there exists the possibility that additional
mineralization could be present at depth.

Zinc-copper veins associated with metadiorite sills are
common in the Belt rocks of the Whitefish Range and
elsewhere in Montana; however, only small isolated vein
occurrences are present in the Ten Lakes Wilderness
Study Area (areas D, E). A probable mineral-resource
potential is assigned to the areas of these occurrences;
the sills are relatively thin, laterally discontinuous, and
relatively devoid of metal-bearing veins. Zinc and cop-
per concentrations in vein and in stream-sediment
samples have probably been derived from occurrences
related to the sills.

Stratabound copper mineralization was found to be
disseminated primarily in some beds of the lower
McNamara Formation, over a widespread area, as
shown on the map (areas F, G). The observed interval of
mineralized strata is thin and the occurrences are low in
grade, however, the areas are regarded as having prob-
able mineral-resource potential.

The presence of stratiform seismic reflections at
depth, obtained by surveys in northwestern Montana,
west of Glacier Park, and rumors of hydrocarbon seep-
ages in this region, have led to numerous applications
for oil and gas leases in the region. No hydrocarbon
seepages have been located in or near the Ten Lakes
Wilderness Study Area. Reports of oil-saturated lime-
stone along Trail Creek and Thoma Creek east of the
Ten Lakes Wilderness Study Area could not be substan-
tiated. Every limestone exposure along these creeks
was examined and sampled, but none contained signifi-
cant hydrocarbons. Neither the Belt rocks or the in-
ferred underlying crystalline rocks would have oil or gas
potential unless they rest in fault contact above hydro-
carbon source beds, with structural closures such that
hydrocarbons would be trapped in the subsurface. Such
may be the case farther east, near the western margin of
Glacier Park, but this structural configuration is con-
sidered to be highly unlikely beneath the Ten Lakes
Wilderness Study Area. Narrow belts of Phanerozoic









WELCOME CREEK WILDERNESS, MONTANA

By D. J. LIDKE, U.S. GEOLOGICAL SURVEY, and
T. J. CLOSE, U.S. BUREAU OF MINES

SUMMARY

Mineral-resource surveys conducted by the USGS and USBM in 1979-82 in-
dicate probable or substantiated mineral-resource potential for small amounts
of gold and other metals in and near two areas mined in the later 1800’s and
early 1900’s. Areas of alluvium in Welcome Creek and in part of Rock Creek are
classed as having probable and substantiated mineral-resource potential for
small quantities of gold in small and scattered placers and in placer tailings. A
small area which contains the Cleveland mine, on Cleveland Mountain, near the
west border of the wilderness was classed as having probable mineral-resource
potential for silver and gold in veins. Although green mudstone strata that
often are favorable hosts for stratabound copper occurrences were found in the
northeast part of the wilderness, no copper deposits were found and these
studies indicate little likelihood for the occurrence of copper resources. The
nature of the geologic terrain indicates that there is little likelihood of the occur-

rence of energy resources.

CHARACTER AND SETTING

The Welcome Creek Wilderness is located about 18 mi
southeast of Missoula and encompasses a densely for-
ested mountainous area of about 44 sq mi in the north
part of the Sapphire Mountains. The north, south, and
west sides of the wilderness are accessible by unpaved
USFS roads from Highway 93 approximately 12 mi
south of Missoula. The east side is accessible by the
unpaved road that follows Rock Creek south from Inter-
state 90, approximately 18 mi southeast of Missoula.
Travel along the east wilderness boundary, on the un-
paved road along Rock Creek provides scenic views of
the wilderness. Steep-sided valleys are flanked by
precipitous ridges that rise abruptly from Rock Creek
(approximate altitude 3700 ft) toward the Bitterroot
Divide (approximate altitude 7700 ft), which forms part
of the west boundary of the wilderness.

The Welcome Creek Wilderness is underlain by a
thick sequence of sedimentary rocks of Middle Pro-
terozoic age (approximately 900-1450 million years)
that consist mainly of interbedded sandstone, mud-
stone, and claystone; the bottom part contains lime-
stone interbedded with carbonate-bearing mudstone
and sandstone. Sedimentary rocks younger than Middle
Proterozoic age are not present in the wilderness. After

deposition of ancient sedimentary rocks and before ap-
proximately 80 million years ago, two faulting events
occurred. The sedimentary rocks were first faulted
along high-angle faults and later were broken by low-
angle thrust faults. The greatest disruption of the rocks
resulted from the thrust faulting. The thrust faulted
rocks in the wilderness comprise only a small part of the
Sapphire Thrust Plate, a plate that apparently moved
great distances to the east during thrust faulting. After
thrust faulting, probably about 60-80 million years ago,
small granitic and gabbroic intrusive bodies intruded
the ancient sedimentary rocks. Heat from these in-
trusive rocks has locally metamorphosed the intruded
sedimentary rocks. After this event the rocks were
again offset along high-angle faults. Geologically recent
erosion, primarily erosion by streams carved the steep
valleys, and the streams deposited alluvium along their
courses.

The Welcome Creek Wilderness encompasses most of
the Welcome Creek mining district, and includes the
historic gold placer deposits along Welcome Creek and
some sulfide-bearing veins and vein prospects. Placer
mining of alluvium in Welcome Creek began in the late
1800’s and has been the dominant mining activity in the
wilderness. Lyden (1948, p. 36) reported that $30,000 in
placer gold was produced from placer deposits in
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Welcome Creek from 1890 to 1911. USBM records list
$500 in gold production between 1912 and the present
time. Recently there has been intermittent small-scale
placer mining along upper Welcome Creek. The Cleve-
land mine, located about 0.25 mi west of the wilderness
on Cleveland Mountain, probably yielded ore during the
late 1800’s to early 1900’s, but there are no records of
production and there was little development. Other lode
prospects in the Welcome Creek Wilderness have not
been developed.

Studies conducted in the wilderness consisted of geo-
logic mapping, sampling and analysis of rock, mineral-
ized rock, and alluvium; examination of mines and pros-
pects; and interpretation of gravity and aeromagnetic
data in terms of the known geology and mineral
occurrences.

MINERAL RESOURCES

Alluvium of Welcome Creek was classed as having
substantiated resource potential for small quantities of
gold because gold has been produced from placer de-
posits in this area and because sampling of the alluvium
indicates that gold may be present in small and scat-
tered deposits in both placered and in unplacered
alluvium. Alluvium of Rock Creek between Cinnamon
Bear Creek and Ranch Creek was classed as having
probable potential for some placer gold because sam-
pling indicates that the essentially unplacered alluvium
along this part of Rock Creek might also contain small
and scattered placers. The remaining alluvium of Rock
Creek, along the eastern wilderness boundary, also con-
tains gold. However, samples taken from this part of
Rock Creek contained significantly lower concentra-
tions of gold than did samples taken south of Ranch
Creek.

The Cleveland Mountain area is classed as having
probable mineral-resource potential for silver and gold
in veins because the Cleveland mine on Cleveland Moun-
tain apparently produced some ore from veins during
the late 1800’s to early 1900’s and because a concentra-
tion of base and precious metal bearing veins occurs in
the area. Except for the BET claim group, all mines and
mineral occurrences shown on the map are located in
vein occurrences. Veins are most numerous near the
west boundary of the wilderness. Examination of these
veins and analyses of vein material suggests that the
veins are thin, discontinuous, and low grade.

In the northeast part of the wilderness anomalous
concentrations of copper were found in a few stream-
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sediment samples. Green mudstones that are favorable
hosts for stratabound copper deposits are present in
this area. However, based on regional trends for this
type of deposit, and because no stratabound deposits or
other types of copper-bearing deposits were found in the
area, there seems little promise for the occurrence of
copper resources.

The BET claim group, approximately 0.5 mi outside
the southwest wilderness boundary, is apparently
located in a weakly mineralized replacement deposit.
Although examination of the BET claims suggests the
deposit may contain a small resource of gold and tung-
sten, no evidence of similar occurrences was found in the
wilderness.

Little likelihood exists for the occurrence of radioac-
tive minerals, coal, geothermal, and oil and gas re
sources in the Welcome Creek Wilderness. The sedimen-
tary rocks exposed in the wilderness do not commonly
contain oil and gas resources; information is lacking on
the younger sedimentary rocks that are often more
favorable host rocks for oil and gas that might lie below
regional thrust sheets. Radioactive minerals and coal
were not found during these studies, and these
resources are not common in rock types exposed in the
area. The geologic setting and lack of favorable signs in-
dicate little promise for geothermal resources.

SUGGESTIONS FOR FURTHER STUDIES

The Cleveland Mountain area coincides with some
prominent northeast-trending gravity and magnetic
anomalies that have not been related to mineralized
systems present in the area. Detailed geophysical
surveys and geologic study in this area might permit a
better understanding of the mineralization, and its
resource potential.
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discussed below according to the principal commodity
of economic interest.

Gold and silver mineralization occurs in area A (on
map) which contains quartz veins along faults, frac-
tures, and joints. The vein widths vary from a few
inches to several feet. The veins occur along northwest-
and northeast-trending structures, and appear to be
localized at the intersection of a through-going north-
westerly fault trend that transects the entire study area
with a more subtle northeastern trend. The deposits
contain oxidized and primary ores of silver, gold, lead,
and zinc with minor associated concentrations of
molybdenum, tungsten, and bismuth.

Molybdenum mineralization occurs in areas B, C, and
D and these areas have been explored extensively. Area
B is a large area of multiple episodes of brecciation with
associated quartz-molybdenite veining. Molybdenum
occurs in quartz veins in drill core, as do multiple injec-
tions of altered porphyritic granitic rocks.

Area C is an area of intense quartz-sericite-molybdenite
veining in Precambrain quartzite associated with altered
porphyritic granitic dikes. Exploration drilling has found
multiple episodes of mineralization to a considerable
depth.

Area D contains zones of intense quartz-sericite alter-
ation with some localized areas of stockwork veining
with molybdenite. The mineralization occurs in porphy-
ritic granitic rocks. Exploration drilling has confirmed
the continuation at depth of quartz-molybdenite veins
in association with sericite and potassium feldspar
alteration.

A vein several feet wide of relatively pure barite oc-
curs near the southern boundary of the study area, and
strikes northerly towards it. An area of substantiated
barite resource potential (E) occurs around the vein and
extends into the study area. Some development work
has been done on the vein.

Three areas of gold-silver mineralization, five areas of
molybdenum mineralization, and one area of tungsten
mineralization have probable mineral-resource poten-
tial. The areas are discussed below according to the
principal commodity of economic interest.

Areas F, G, and H contain sporadic quartz veins
along northeast- and northwest-trending fault zones
that have probable gold and silver resource potential.
Visible sulfides, particularly pyrite, are observable in
the veins. Stream-sediment geochemical anomalies are
persistent along mapped fault trends, and some of the
veins are in close proximity to extensive areas of
hydrothermal alteration of the porphyry type. Some re-
cent prospecting activity of a minor variety is evident,
and old, caved underground workings may be found at a
few localities along each of the trends.

Areas I through M contain probable molybdenum
resource potential. Area I is an occurrence of sulfide-
bearing intrusive breccia with associated quartz-sericite
alteration. Sulfide-bearing quartz veins occur in the
vicinity of the breccia pipe. These veins contain
molybdenum-bearing minerals including molybdenite
and wulfenite. The veins have been explored, but the
breccia shows no evidence of recent exploration.

Area J is an intrusive breccia with sulfide minerals
and associated quartz-sericite alteration. Sulfide-
bearing quartz veins radiate away from the breccia pipe.
Geochemical sampling of the breccia shows anomalous
concentrations of molybdenum with associated copper,
silver, lead, and zinc. There is no evidence of recent
exploration.

Area K consists of several breccia pipes with quartz-
sericite alteration and altered porphyritic granitic dikes.
Exploration activity has been high, and the breccia
pipes are known to persist to several hundred feet
depth.

Area L consists of scattered outcroppings of quartz-
sericite veins in Precambrian quartzite with minor
amounts of visible molybdenite. The outcrops occur
sporadically over a large area which is mostly covered
by alluvium and talus.

Area M consists of an extensive area of pervasively
altered batholithic rocks with sericite, quartz, and
disseminated molybdenite. Aplitic granitic dikes are
spatially associated with the mineralization. There is no
evidence of exploration.

Tungsten occurs as scheelite in altered carbonate
rocks, called skarn. These skarns occur as roof pendants
in batholithic rocks in area N. Immediately north of the
study area there has been extensive exploration, and it
is likely that some exploration will continue.

SUGGESTIONS FOR FURTHER STUDIES

Geochemical evidence of a copper-zinc anomaly was
detected in the southwestern corner of the study area.
No corroborative geologic indications of mineralization
were found. A limited electrical geophysical survey in
the area defined an anomaly at depth beneath the sur-
face outcrops. Further study is needed to define the
source of the anomaly. Another area warranting addi-
tional study is the region in the northern part of the
study area where mixed gneisses and metavolcanic
rocks occur. Similar rocks elsewhere in the region con-
tain precious-metal deposits, and more detailed study is
needed to evaluate the resource potential of these rocks.
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CHARLES SHELDON ANTELOPE RANGE AND
SHELDON NATIONAL ANTELOPE REFUGE, NEVADA AND OREGON

By J. B. CATHRALL,! U.S. GEOLOGICAL SURVEY, and

E. T. TuCcHEK, U.S. BUREAU OF MINES

SUMMARY -

A mineral survey of the Charles Sheldon Antelope Range and Sheldon Na-
tional Antelope Refuge, in Humboldt and Washoe Counties, Nevada, and Lake
and Harney Counties, Oregon, was conducted in 1974-75. The investigation
identified areas of mineral-resource potential within the range and refuge. The
range and refuge have areas of substantiated resource potential for precious
opal and uranium, a demonstrated resource of decorative building stone, and
areas with probable resource potential for mercury and for base- and precious-
metal sulfide deposits. Reservoir temperatures, estimated from the analysis of
thermal springs, indicate that a probable potential for geothermal resources ex-
ists in two areas in the range. No other energy resources were identified in the

area.

CHARACTER AND SETTING

The Charles Sheldon Antelope Range and Sheldon
National Antelope Refuge are located in the vicinity of
the junction of California, Oregon, and Nevada and
cover approximately 820 sq mi; the two areas will be
referred to as the study area in this paper. The study
area is far from any town, the nearest being Denio Junc-
tion, 10 mi east by road. Access to the study area is pro-
vided by Nevada-Oregon Route 140; a network of gravel
and dirt roads, some requiring four-wheel drive vehicles,
provide access within the study area.

The study area is in the northwestern part of the
Great Basin section of the Basin and Range province.
Topographically, it consists mostly of flat plateaus and
rounded mountains, locally broken by steep scarps or
cut by canyons. High fault scarps adjacent to flat
alluvial valleys, a characteristic feature of the Great
Basin, are present on both the east and west sides of the
study area. Total relief in the study area is just over
3000 ft with several peaks reaching altitudes slightly
over 6800 ft.

The study area is on the southeast flank of a broad
basin filled with sedimentary and volcanic rocks of Ter-
tiary and Quaternary age that occupy northwestern-

With contributions from R. C. Greene, D. Plouff, D. F. Siems, G. L. Crenshaw and E. F.
Cooley, USGS, and F. J. Johnson and M. D. Conyac, USBM.

most Nevada, northeastern California, and south-
central Oregon. This broad basin is dominated by
northwest-trending normal faults. The structural break
between this broad basin area and the northeast-
trending fault-block ranges to the east occurs at the
Pine Forest Range. Outcrops within the study area con-
sist entirely of volcanic and continental sedimentary
rocks of late Tertiary and Quaternary age. These rocks
rest on a buried basement that probably comprises Per-
mian, Triassic, and Jurassic metavolcanic and sedimen-
tary and Jurassic and Cretaceous granitic rocks. The
thickness of the Tertiary and Quaternary rocks is vari-
able and they are flat lying or gently dipping and show
much interfingering in local basins.

Volcanic rocks are andesite lava flows, rhyolite ash-
flow tuffs, and basalt flows. The andesitic rocks are the
oldest and are middle Miocene in age. The ash-flow tuffs
are slightly younger and are parts of widespread tuff
sheets recognized elsewhere in northwestern Nevada.
Basalt flows that cap much of the study area are varied
in age. Tuffaceous sedimentary strata are lenticular
units at many horizons in the section and are especially
thick in ancient valleys such as Virgin Valley.

Basin and range faults in the study area are fewer in
number, have less offset, and have a different trend
than in surrounding regions of the Great Basin. The
general trend of the faults in the study area is north-
west, while the trend of faults in adjacent regions is
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northeast. There are no major mountains of block-fault
origin in the study area.

The mineralresource potential was evaluated by
geologic, geochemical, and geophysical studies by the
USGS, and by the examination of mines, prospects, and
other mineralized localities by the USBM (Cathrall and
others, in press).

MINERAL RESOURCES

The study area contains two mining districts, the
Virgin Valley near the eastern edge of the Charles
Sheldon Antelope Range, and the Lone Pine near the
southern part of the Sheldon National Antelope Refuge.
Production from the study area is estimated to have
been several million dollars, nearly all of it coming from
the Virgin Valley district. Precious opal accounted for
more than 75 percent of the total. Within the study
area, 1656 lode and 98 placer claims have been located;
393 claims were being actively worked at the time of
this investigation.

Part of the Virgin Valley district (area A, on map) has
a substantiated resource potential for precious opal.
Demonstrated resources of precious opal are at the
Rainbow Ridge Opal, Royal Peacock, and Virgin Opal
(Bonanza) mines in the Virgin Valley district and are
estimated at several million dollars. Demonstrated
resources of ornamental dimension stone at the Lemac
quarry in the Virgin Valley district are estimated to be
more than 250,000 tons of poor-quality stone; more than
18,000 tons of ornamental dimension stone have been
produced. About 15 tons of fluorescent opalite have also
been produced from the Virgin Valley district.

An area of substantiated uranium resource potential
in tuffaceous sediments, exposed or beneath younger
volcanics (area B) in the Virgin Valley district, contains
demonstrated resources of 15-20 million tons of
uranium-bearing rock. Anomalous concentrations of
some of the elements discussed, anomalous element
ratios, and detectable gold are associated with the
known uranium occurrences.

Geochemical sampling during this investigation iden-
tified anomalous concentrations of gold, mercury, an-
timony, arsenic, tungsten, molybdenum, manganese,
and barium, as well as anomalous cadmium-to-zinc
ratios, which together form dispersion patterns that
with geophysical data delineate target areas for possible
exploration for concealed mineral deposits (areas C-M).

Fault zones or major geologic contacts are indicated
by the occurrence of approximately linear magnetic con-
tours near the east and northeast edges of the study
area. The rather linear zones of high gravity or magnetic
gradients are considered possible sites for future
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mineral exploration. The occurrence of four gravity
maxima in or along the edge of the study area suggest
the presence of concealed intrusive centers. The
westernmost gravity anomaly occurs at a structurally
uplifted location near the Lone Pine mining district at
the west edge of the study area. Three gravity maxima
that occur near thermal springs along the east edge of
the study area seem too broad to be explained wholly as
an effect of local densification of the underlying tuf-
faceous sedimentary rocks by compaction and filling of
pre-existing pore space with precipitates from mineral-
rich thermal waters.

Three prominent closed gravity minima along the
south edge of the study area may indicate underlying
calderas masked by younger Tertiary rocks. The largest
possible caldera is 27.2 by 40 mi in size and extends to a
depth of about 4.3 mi, if the assumed underlying tuf-
faceous sedimentary rocks are less dense than the sur-
rounding volcanic rocks. The areas (areas F, G, H) along
the edges of the postulated calderas have probable
mineral potential for mercury and base and precious
metals and are considered sites for possible future
mineral exploration.

The south part of the Sheldon National Antelope
Refuge (area C) has probable potential for mercury
deposits and for concealed base-metal and complex
precious-metal sulfide deposits. A mercury anomaly oc-
curs over a large part of the area. In addition, the
anomalous concentrations of the other elements men-
tioned above and anomalous cadmium-tozinc ratios
form dispersion patterns that are contiguous with nor-
mal faults and with magnetic and (or) gravity highs.

Additional areas that may contain mercury and con-
cealed base-metal and complex precious-metal sulfide
deposits are the areas encompassing the Dufferrena
Subheadquarters (area D) and Painted Hills mine (area
E). The geochemical dispersion patterns in these areas
and their relationship to geologic structures, geophys-
ical anomalies, and alinement of thermal springs sug-
gests that the mineralized areas D and E may be joined
at depth and may extend northwestward beneath
younger volcanic rocks.

Area F has a probable potential for similar metallic
resources. Most of this area is fault controlled and is
contiguous with a gravity minimum anomaly. Anoma-
lous amounts of mercury, arsenic, antimony, molybde-
num, barium, gold, manganese, and anomalous
cadmium-to-zinc ratios, as well as several mercury pros-
pects, seem to be associated with faults as well as the
geophysical anomaly.

In the southwestern part of the study area, a gravity
minimum anomaly of substantial size suggests the pos-
sible existence of a caldera or buried pluton. The wide-
spread geochemical anomalies in this area are similar in









HIGHLAND RIDGE ROADLESS AREA, NEVADA

By DONALD H. WHITEBREAD, U.S. GEOLOGICAL SURVEY, and

S. DON BROWN, U.S. BUREAU OF MINES

SUMMARY

The mineral-resource potential of the Highland Ridge Roadless Area was
evaluated on the basis of results from field investigations conducted in 1980 and
1981. One area along the west border of the Highland Ridge Roadless Area has
substantiated mineral-resource potential for tungsten. Several other areas are
classed as having probable mineral-resource potential, based mainly upon
anomalously high values of tungsten, lead, silver, and zinc in concentrates of
stream sediments. Most of the roadless area is underlain by rocks in the upper
plate of the Snake Range decollement, and is considered to have little promise
for the occurrence of mineral resources. No energy resource potential was iden-

tified in the area.

CHARACTER AND SETTING

The Highland Ridge Roadless Area includes 118.8 sq
mi in the southern Snake Range in eastern White Pine
County, Nevada. Lincoln Peak (11,597 ft) is the highest
point in the roadless area. Spring Valley borders the
area on the west and Snake Valley borders it on the
east. The Nevada-Utah State boundary is about 4 mi
east. Garrison, Utah, on Utah State Highway 21 about
6 mi northeast, is the nearest permanent community.
Ely, Nevada, about 40 mi northwest, is the nearest main
population center. U.S. Highway 50 crosses the Snake
Range at Sacramento Pass about 17 mi north, and U.S.
Highway 93 is about 11 mi west of the area. The
Wheeler Peak Roadless Area is less than 1 mi north of
the area.

Most of the Highland Ridge Roadless Area is under-
lain by Paleozoic carbonate rocks that are in the upper
plate of the Snake Range decollement, a low-angle fault
that emplaced younger rocks over older rocks. Cam-
brian carbonate and clastic rocks and Mesozoic granitic
rocks in the lower plate of the decollement are locally
exposed along the north and west borders and in the
northeast part of the area. The rocks above the decolle-
ment are cut by abundant high-angle normal faults and
younger-on-older low-angle faults. Tertiary conglomer-
ate and volcanic rocks that overlie these rocks are
younger than the decollement and associated faults.
Quaternary alluvial material and landslide debris are
the youngest deposits in the area.

Mines immediately west of the Highland Ridge Road-
less Area are the largest producers of tungsten in the
southern Snake Range, and the easternmost workings
of the Silver Bell mine extend into the roadless area. A
small amount of lead and silver also has been produced
from other mines west of the area. In the northeast part
of the Highland Ridge Roadless Area, several prospects
contain small amounts of tungsten or silver, lead,
copper, and zinc, and the Bonanzy and Hope mines a
short distance outside the boundaries of the area, have
produced a small amount of tungsten.

The field studies included geologic mapping, geo-
chemical sampling, and geophysical surveys by the
USGS, and a survey of mines and prospects by the
USBM. Stream-sediment sampling within and adjacent
to the roadless area has shown anomalously high values
of tungsten, lead, zinc, silver, beryllium, barium, and
thorium in panned concentrates of some samples. Both
gravity and aeromagnetic data were compiled as part of
the geophysical studies in the area.

MINERAL RESOURCES

Based on observed mineral occurrences in prospects,
proximity to known mineral occurrences, the structural
and stratigraphic setting, and geochemical data from
rock or stream-sediment samples, small parts of the
Highland Ridge Roadless Area are considered to have
probable and substantiated mineral-resource potential.
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Most of the roadless area is underlain by rocks in the
upper plate of the Snake Range decollement, and is con-
sidered to have little promise for the occurrence of
mineral resources, although favorable host rocks con-
cealed beneath the decollement may possibly contain
mineral occurrences. Within the roadless area, the rocks
in the lower plate of the decollement are exposed only
along the northern and western borders and locally in
the northeast part.

One area (area A, on map) has substantiated mineral-
resource potential for tungsten. The easternmost work-
ings of the Silver Bell mine extend into this area, and
demonstrated and inferred resources of more than 1000
units of WO, are estimated to be present on the basis of
exposures in the mine workings (U.S. Bureau of Mines
files, Denver, Colo.). Other east-trending quartz veins
that have been mined for tungsten west of the roadless
area also may extend into the area.

Along the northern border of the roadless area, an
area (B) has probable potential for mineral resources on
the basis of anomalously high values of tungsten, silver,
lead, and zinc in panned concentrates of stream sedi-
ments. Another area of probable potential (area C) has
been delineated because of anomalous values of tung-
sten in concentrates of stream sediments and the strati-
graphic and structural setting. Both areas B and C are
unexplored by prospects, but the Chapman-Taylor (Big
Wash) tungsten mine is about 1/4 mi north of area B
and the St. Lawrence mine is less than 1 mi from both
areas. The fault along which the lead-silver ore of the St.
Lawrence mine occurs, projects southward into area C,
but is concealed by rocks in the upper plate of the Snake
Range decollement. The probable potential for mineral
resources in areas D and E is based mainly on anoma-
lous values in geochemical samples and the proximity to
tungsten mines outside the area. A prospect pit in area
D contains sparse tungsten minerals in a quartz vein,
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and the tungsten-bearing veins at the Hope mine may
extend into the roadless area, although analyses of
samples from several pits and trenches do not support
this. Samples from prospects along a quartz vein in area
E contain anomalous amounts of lead, zinc, silver, and
copper.

Anomalous barium values in panned concentrates of
stream sediments are apparently related to small vein-
lets or beds of barite in the Paleozoic rocks in the upper
plate of the Snake Range decollement. No resource
potential for deposits of barite was identified.

Limestone, sand, and gravel resources occur but they
are readily available at more accessible sites outside the
roadless area. Several square miles of land along the
borders of the Highland Ridge Roadless Area are leased
for oil and gas exploration, but the occurrence of oil and
gas in the roadless area is believed to be unlikely.

SUGGESTIONS FOR FURTHER STUDIES

Additional geochemical sampling, probably followed
by physical exploration, would be required to determine
the sources of the metals causing anomalous values in
the geochemical samples.
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LINCOLN CREEK ROADLESS AREA, NEVADA

By DAVID A. JOHN, U.S. GEOLOGICAL SURVEY, and

SCOTT A. STEBBINS, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey by the USGS and USBM in 1981-82, the Lin-
coln Creek Roadless Area was determined to have little likelihood for the occur-
rence of mineral resources. Geologic terrane favorable for the occurrence of
contact-metasomatic tungsten deposits exists, but no evidence for this type of
mineralization was identified. The geologic setting precludes the occurrence of
fossil fuels and no other energy resources were identified.

CHARACTER AND SETTING

The Lincoln Creek Roadless Area comprises 10.3 sq
mi on the western slope of the Carson Range over-
looking the southeast shore of Lake Tahoe in Douglas
County, Nevada. The Carson Range is an eastern spur
of the Sierra Nevada that trends north along the eastern
side of Lake Tahoe. Altitudes range from about 6400 ft
at Cave Rock to 8433 ft near the east boundary, and
spectacular views of the Lake Tahoe basin are possible
from the higher parts of the roadless area. The area is
bounded by U.S. Highway 50 on the north and west, by
Nevada Highway 19 (Kingsbury Grade) on the south,
and by a USF'S road on the east.

Most of the rocks exposed in the Lincoln Creek Road-
less Area are Upper Cretaceous granitic rocks of the
Sierra Nevada batholith. Parts of five plutons are ex-
posed in the area, although more than three-quarters of
the area is underlain by a single pluton that is about 92
million years old. The granitic rocks intrude two pend-
ants or septa of metavolcanic rocks of probable Triassic
and Jurassic age. Castle Rock near the southern end of
the roadless area is composed of highly siliceous
metavolcanic rock that is more resistant to weathering
than the surrounding granitic rocks and thus stands
above them.

Late Tertiary age volcanic rocks are common
throughout much of the nearby Sierra Nevada, but a
small body of intrusive dacite near Cave Rock is the
only evidence of this volcanism in the roadless area. The
tunnel at Cave Rock is cut through this volcanic rock.

Exploration and mining activity began in the Sierra
Nevada as early as 1850, with the first recorded activity
near the Lincoln Creek Roadless Area in 1901. The
Genoa mining district, 3 mi east of the roadless area,

was organized in 1860, but results of prospecting for
gold, silver, and copper in this district were disappoint-
ing. No claims have been located within the roadless
area, and no visible signs of mining activity were ob-
served during field investigations.

This mineral-resource potential report is based on
studies conducted by the USGS and USBM during
1981-82. Studies included geologic mapping of the area,
geochemical sampling of stream sediments, examina-
tion of prospects and mineralized areas, and searches of
literature and county claim records. The results of these
studies are summarized in John and others (1983).

MINERAL RESOURCES

No mineral-resource potential was identified in the
Lincoln Creek Roadless Area, and little evidence of
mineral deposits was found. No mineralized areas or
prospects were noted in the area. Two principal types of
mineral deposits are known in the Sierra Nevada in geo-
logic settings similar to that of the Lincoln Creek Road-
less Area. These are contact-metasomatic tungsten
deposits, found near contacts between granitic rocks
and calcareous metasedimentary rocks; and base- and
precious-metal deposits, occurring in Tertiary volcanic
rocks. Tungsten deposits occur in metasedimentary
rocks about 20 mi southwest of the Lincoln Creek Road-
less Area in the Hope Valley district; zinc, copper, and
silver sulfide minerals also occur in veins and as replace-
ments of fractures near the tungsten deposits; and
silver and gold deposits occur in Tertiary volcanic rocks
in the Monitor district about 25 mi southeast of the
area.
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There is little likelihood that of any of these types of
mineral deposits occur in the Lincoln Creek Roadless
Area. Tertiary volcanic rocks are virtually absent in the
area except for small exposures near Cave Rock. Also,
these volcanic rocks are both unaltered and of different
composition than the mineralized rocks in the Monitor
district. No evidence for the existence of base- and
precious-metal-bearing sulfide veins was found during
geologic mapping or in geochemical studies of stream-
sediment samples.

The only hint of possible mineralization in the Lincoln
Creek Roadless Area occurs in the extreme northern
part of the area, where stream-sediment samples from
North Logan House Creek give very weak geochemical
anomalies. Anomalous elements in these samples are
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compatible with contact-metasomatic tungsten mineral-
ization. However, the generally weak nature of these
anomalies, the lack of known suitable host rocks (lime-
stone) for this type of mineralization, the lack of ob-
served tungsten mineralization, and the lack of pros-
pects and claims in this area suggest that there is little
likelihood for the occurrence of tungsten resources in
the roadless area.
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SUGARLOAF ROADLESS AREA, NEVADA

By EDWIN H. MCKEE,! U.S. GEOLOGICAL SURVEY, and

STEVEN W. SCHMAUCH, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey in 1980-81, local areas in and near the
western edge of the Sugarloaf Roadless Area, in particular near Queen Canyon
and Garnet Ridge, have probable resource potential for silver and small

amounts of associated lead, zinc, and gold.

CHARACTER AND SETTING

The Sugarloaf Roadless Area covers about 17.5 sq mi
in the northern part of the White Mountains in
Esmeralda and Mineral Counties, Nevada. It is 44 mi
north of Bishop California via U.S. Highway 6. Perim-
eter access is by an unpaved road leading eastward into
Queen Canyon. The highest point in the roadless area is
Mustang Mountain, which is 10,288 ft above sea level
located in the southwestern part of the area. Queen
Valley, on the west edge of the roadless area at the
north end of Owens Valley, has an altitude of 6400 ft
above sea level.

Rocks of the northern White Mountains, in the area
that includes the Sugarloaf Roadless Area, range from
Paleozoic to Holocene in age (Crowder and others, 1972;
McKee, 1982). The oldest rocks are metamorphosed
strata, now phyllite, slate, and marble that are cor-
related with Cambrian strata from the southern part of
the White Mountains. Limestone, shale, and chert of the
Ordovician Palmetto Formation are in thrust contact
with these Cambrian rocks. Mesozoic plutonic rocks of
the Inyo batholith, an eastern part of the Sierra Nevada
batholith, intrude the Paleozoic rocks. Lying uncon-
formably on the Mesozoic granitic and Paleozoic meta-
sedimentary rocks are upper Cenozoic volcanic rocks
mainly rhyolites and andesites and unconsolidated
sedimentary deposits. Structures in the northern White
Mountains can be classified into three groups on the
basis of style and age. The oldest are thrust faults,
thought to have been emplaced during the middle
Paleozoic Antler orogeny, which brought the Ordovi-
cian rocks into the White Mountain region from as
much as 40 mi to the northwest. The next oldest are

'With contributions from James L. Donahoe and Maurice A. Chaffee, USGS, and Michael C.
Horn and Richard A. Winters, USBM.

small and large folds, high-angle faults, local shearing,
and some contact metamorphism related to emplace-
ment of granitic rocks of the Inyo batholith the final
phases of which took place during Cretaceous time. The
youngest structures are Late Tertiary to Holocene high-
angle normal faults that uplifted the range. This basin-
and-range faulting is still active today.

MINERAL RESOURCES

The Sugarloaf Roadless Area has several areas with
probable mineral-resource potential including the south-
western edge of the area, in particular near Queen Can-
yon and Garnet Ridge; two localities in the north-
central part of the area; and an area in and adjacent to
the western edge of the area.

Most of the stream-sediment and panned-concentrate
samples from drainage basins in the western half of the
roadless area contain significant anomalous concen-
trations of many of the elements that indicate hydro-
thermal mineralization and alteration (Donahoe and
Chaffee, 1983). This element association is character-
istic of hydrothermal activity which often forms base-
and precious-metal vein and replacement-type deposits
peripheral to granitic intrusions. Anomalies in the
western part of the Sugarloaf Roadless Area seem to be
primarily related to mineralization in Paleozoic meta-
sedimentary rocks near their contacts with Mesozoic
plutonic rocks.

Geochemical anomalies in the eastern half of the road-
less area consist predominantly of the element mercury.
These anomalies are spacially and probably genetically
related to the Tertiary rhyolite that covers most of this
part of the area, but, no resource potential was iden-
tified. Gold is found locally in panned-concentrate
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samples from this area and gold has been mined from
quartz-bearing shear zones in the rhyolite units that are
the host for the mercury. Immediately south of Sugar-
loaf Peak, the Brownie mine produced 393 oz of gold
and 327 oz of silver from a quartz-bearing shear zone
(S. W. Schmauch, unpub. data, 1983) and an area of
probable mineral-resource potential extends around this
mine. Directly north of the roadless area, in Sugarloaf
Canyon and around Sugarloaf Peak, anomalous concen-
trations of iron, probably in pyrite, and copper, fluorite,
mercury, and tin indicate alteration, mineralization, and
probable mineral-resource potential that may extend
into the roadless area. A number of small mines and
prospects in this area are additional evidence of mineral-
ization adjacent to, and probably within this part of the
roadless area.

SUGGESTIONS FOR FURTHER STUDY

Specific areas with probable mineral-resource poten-
tial should be studied in detail to determine the source
of the geochemical anomalies within each area. Addi-
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tional stream-sediment panned-concentrate, or soil
samples might pinpoint mineralized areas causing
anomalies. Compilation of this data and information on
the limits and extent of mineralized structures in acces-
sable mines could provide targets for shallow drilling.
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WILDERNESSES AND ROADLESS AREAS IN

WHITE MOUNTAIN NATIONAL FOREST NEW HAMPSHIRE

By ROBERT H. MOENCH,! U.S. GEOLOGICAL SURVEY, and

GERTRUDE C. GAZDIK, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey conducted in 1980-82, a geologic terrane in
north-central New Hampshire having an area of at least 300 sq mi has probable
potential for the occurrence of tin resources. This terrane covers all of the Sand-
wich Range Roadless Area, approximately the eastern two thirds of the
Pemigewasset Roadless Area, a large part of the Presidential Range-Dry River
Wilderness, and the southern part of the Dry River Extension Roadless Area. If
major tin deposits occur in New Hampshire, they are probably associated with
the Mesozoic Conway Granite. Tin resources in the New Hampshire terrane
may also occur in small but high-grade veins, as at the old Jackson tin mine; and
in iron-beryllium deposits that are low grade with respect to tin but richer in
iron, beryllium, lead, zinc, and silver, as at the old Iron Mountain mine. The
resource potential for uranium, tungsten, and niobium in the same and other
parts of the area investigated cannot be evaluated from present data. The
nature of the geologic terrain indicates little likelihood of the occurrence of

organic fuels.

CHARACTER AND SETTING

The White Mountain National Forest contains two
established wildernesses and ten roadless areas, cover-
ing a total of about 315 sq mi. In order to treat all the
separate areas as a single geologic entity, they were
combined into a single study area of nearly 1300 sq mi.

The study area is mountainous and includes several of
the highest peaks in the northeastern United States.
The highest, Mt. Washington (6288 ft) rises far above
treeline; most of the area below treeline is heavily
forested. Most points within the study area can be
reached by a network of hiking trails maintained by the
USFS and the Appalachian Mountain Club.

The most conspicuous feature of the study area’s
bedrock geology is the White Mountain batholith, the
largest and most complex body in a belt of many igne-
ous plutons and locally related volcanic rocks of
Mesozoic age that extends slightly west of north across
New Hampshire. These rocks are mostly varieties of
granite, but they include mildly alkalic syenites, mon-

'With contributions by Frank C. Canney, Wallace A. Bothner, Norman L. Hatch, Jr., and
Howard A. Pohn, USGS; and Lyle E. Harris, Robert A. Welch, Jr., and Vaughn P. Girol,
USBM.

zonites, gabbro, and other types. They constitute the
White Mountain Plutonic-Volcanic Suite (Billings,
1956; name is current usage). In the study area most of
the magmas were emplaced about 155-190 million
years ago in the uppermost 2 or 3 mi of the Earth’s
crust. The area is one of complex overlapping ring-
shaped dikes and steep-walled plutons. Associated
rhyolitic volcanic rocks are preserved locally in
downdropped cauldrons.

The plutons and ring dikes sharply truncate the struc-
tural grain of a far older Paleozoic metamorphic terrane
of schist and gneiss injected by many large and small
bodies of granite, pegmatite, and related rocks. The cen-
tral part of the metamorphic terrane is characterized by
a great thickness of complexly deformed and intensely
metamorphosed sedimentary rocks about 400 to 430
million years old that have been separated into the
Devonian Littleton Formation and several underlying
formations of Silurian age (Hatch and Moench, 1983).
The Ammonoosuc Volcanics (Ordovician; about 440-
460 million years old) are exposed in a belt along the
western side of the study area. A volcanic member of
the Littleton Formation lies just to the southeast of the
Ammonoosuc belt. These metavolcanic rocks are host

to known metalliferous sulfide deposits. 789



The study area has no active mines and only minor
past mineral production. The cluster of prospects in
the extreme southwestern part of the study area are on
the edge of the Grafton pegmatite district; they have
yielded only mica and feldspar. The Rumford-Paris peg-
matite area, which contains several famous mineral col-
lecting localities, lies just east of the study area. The
largest nearby metal mine developed a stratabound
zinc-lead massive sulfide deposit in the Ammonoosuc
Volcanics, at Ore Hill about 2 mi west of the study area.

Investigations by the USBM were conducted in the
fall of 1980, and in the spring of 1981. Reports on mines
and prospects in the study area are summarized by
Gazdik and others (1983).

Investigations by the USGS were conducted in the
summers of 1980-82. The geochemical survey in the
study area and adjacent parts of the Lewiston 1°X2°
quadrangle, New Hampshire was conducted in 1980
through the office of the New Hampshire State Geolo-
gist, Robert I. Davis. Stream-sediment and heavy-
mineral concentrate samples were collected and ana-
lyzed by Domenico and others (1982).

MINERAL RESOURCES

The bedrock tin deposits in Nigeria are associated
with biotite granite that is remarkably similar to the
Conway Granite, the principal suspected host for pos-
sibly important tin deposits in New Hampshire. Some
35 years ago H. H. Read (1948, p. 8) observed: ““So note-
worthy is the identity of the Nigerian and New Hamp-
shire rocks and structures that I suggest you have
another look for tin in the Eastern States.” In fact, a re-
cent summary description of the Nigerian tin district by
Olade (1980, p. 72) is almost interchangeable with one
that might be written for the White Mountain Plutonic-
Volcanic Suite. Both the New Hampshire and Nigerian
rocks are mainly Jurassic. The granites are so-called
specialized types, shown by recent studies to be consist-
ently richer in silica and potassium and poorer in
magnesium, calcium, and titanium than normal
granites, and richer in trace elements such as lithium,
fluorine, rubidium, tin, and others. The Conway Granite
is well known for its high radioactivity and high average
uranium and thorium contents (about 11 parts per
million uranium and 53 parts per million thorium).

On the basis of the geochemical survey combined with
the geologic characteristics of the White Mountain
batholith, a large geologic terrane with probable
resource potential for tin is defined in the central and
southeastern part of the study area. This terrane covers
a total of 300 sq mi that indicates all of the Sandwich
Range Roadless Area, approximately the eastern two
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thirds of the Pemigewasset Roadless Area, a large part
of the Presidential Range-Dry River Wilderness, and
the southern part of the Dry River Extension Roadless
Areas. The boundary of the most promising tin-bearing
terrane is drawn to enclose an area where analyses of
almost all heavy-mineral concentrates yielded 2000
parts per million (ppm) or more tin, and where analyses
of stream sediments yielded more than 20 ppm tin.
Topaz (characteristic of tin-bearing greisen deposits),
and sharply angular grains of cassiterite (tin oxide) as
much as 2 mm across were identified in some of the con-
centrates. Abundant lead and zinc also were detected in
many of the same tin-rich heavy-mineral and stream
sediment samples, and abundant niobium, beryllium,
thorium, and rare-earth elements were detected in many
of the tin-rich concentrates.

The area of the tin anomaly centers on the White
Mountain batholith, and it relates most closely to the
Conway Granite. However, the anomaly overlaps other
rocks of the batholith and parts of the older
metamorphic-plutonic terrane. Small tin-bearing areas
occur outside the principal anomaly; they probably have
sources in isolated tin-bearing veins that would be dif-
ficult to find.

It seems likely that a tin anomaly having an areal ex-
tent of 300 sq mi is an expression of many centers of
mineralization, some of which undoubtedly have been
destroyed by erosion. Although abundant tin was not
identified in bedrock, exposed bedrock sources are indi-
cated by the sharp angularity of the grains of
cassiterite.

Several types of tin deposits can be expected in the
study area. Cassiterite veins of the type mined in the
mid-1800’s at the Jackson tin mines may occur in areas
underlain by the older gneisses and granites. Such
deposits, though high grade are likely to be small and
difficult to find. The magnetite-phenacite replacement
body at Iron Mountain has a low tenor of tin but is high
grade in beryllium, zinc, lead, and silver. Barton and
Goldsmith (1968, p. 67) suggest that the Conway
Granite and its contacts should be explored for other oc-
currences of this type of deposit. The Conway Granite
also needs to be investigated for occurrences similar to
those in Nigeria where cassiterite is extracted from
placers, and occurs in low-grade bedrock disseminations
in the margins and roof zones of individual plutons, and
in smaller but richer greisen veins and replacements in
the roof zones (Olade, 1980; Taylor, 1979).

The probable tin resource potential far overshadows
the likelihood of the occurrence of resources of other
commodities. The Conway Granite—long recognized for
its high radioactivity—has been investigated as a low-
grade source of uranium and thorium, and as a geother-
mal energy resource. Uranium might occur locally as















BLACK RANGE PRIMITIVE AREA, NEW MEXICO

By GEORGE E. ERICKSEN, U.S. GEOLOGICAL SURVEY, and

GEORGE R. LELAND, U.S. BURFAU OF MINES

SUMMARY

A study of the Black Range Primitive Area during the period 1967-69 in-
dicated that the area had little promise for the occurrence of mineral resources.
A few miles north of the area, a unit of rhyolite in the otherwise barren volcanic
rocks of the Mogollon-Datil volcanic field contains local concentrations of the
tin mineral cassiterite, and streams draining outcrop areas of this rhyolite
within the primitive area may contain very small cassiterite placer deposits.
None were observed in this study and no resource potential was identified.
Paleozoic sedimentary rocks and Precambrian granitic and metamorphic rocks
exposed just east and south of the primitive area contain small polymetallic
deposits with varying amounts of silver, lead, zinc, copper, and gold. These
same rocks lie beneath the volcanic cover within the primitive area and are likely
to contain similar deposits, but no resource potential was identified.

CHARACTER AND SETTING

The Black Range Primitive Area extends over 265.6
sq mi in the central part of the Black Range, a north-
trending mountain range in southwestern New Mexico.
The principal nearby towns are Silver City, about 30 mi
to the southwest, and Truth or Consequences, a similar
distance to the east. New Mexico State Highway 90
crosses the Black Range at the southern margin of the
primitive area, and State Highway 59 crosses the range
several miles north of the area. State Highway 61, a
graded dirt road, extends along the western side of the
area between State Highways 90 and 59. The eastern
side of the area is accessible by unimproved roads. The
primitive area itself is crisscrossed by well-maintained
horse trails.

The Black Range forms the eastern mountainous rim
of the Mogollon Plateau, and the crest of the range,
which in the primitive area is a sinuous sharp ridge
generally ranging from 9000 to 10,000 ft in altitude, is
part of the Continental Divide. Streams on the eastern
side of the range drain into the Rio Grande whereas
those on the west drain into the Gila River, a tributary
of the Colorado River. The highest peak in the range is
McKnight Mountain at an altitude of 10,165 ft. The
Black Range shows an asymmetrical profile, having a
relatively steep eastern slope and gentle western slope.
The eastern side of the range is marked by many deep

valleys separated by sharp ridges whereas the western
side has few valleys separated by broad ridges. Valley
bottoms along the eastern margin of the primitive area
range from about 6000 to 6400 ft in altitude; those on
the western margin are somewhat higher, generally
6700 to 7000 ft.

The primitive area is covered largely with volcanic
rocks of early to late Tertiary age which attain a max-
imum thickness of about 7500 ft, and which from oldest
to youngest are: (1) the Rubio Peak Formation, (2) vol-
canic rocks of the Mogollon-Datil volcanic field, and
(3) basaltic andesite of Hodge Canyon. The Rubio Peak
Formation, which is equivalent to the “‘early andesite”
volcanic sequence of Ericksen and others (1970), is the
only volcanic formation of Tertiary age known to con-
tain exploitable mineral deposits in the vicinity of the
Black Range Primitive Area. It crops out within the
northeasternmost part and just outside the southern
part of the area, and has a maximum thickness of about
2000 ft. The most widespread rock sequence in the
primitive area—the rocks of the Mogollon-Datil field—
consists of many discontinuous units of rhyolite and
quartz latite ash-flow tuffs and lava flows and andesite
to latite lava flows. The maximum aggregate thickness
of the volcanic pile is about 14,000 ft, but no single unit
is continuous over the whole area in which it outcrops,
and the maximum thickness in the primitive area is
estimated to be less than 5000 ft. The youngest volcanic
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sequence, the basaltic andesite of Hodge Canyon, crops
out locally in the western part of the primitive area
where it attains a maximum thickness of about 600 ft;
this unit is included with the volcanic rocks of the
Mogollon-Datil volcanic field on the figure.

The youngest formation exposed in the primitive area
is a semiconsolidated conglomerate of late Tertiary and
Quaternary age called the Gila Conglomerate. It crops
out in the northwestern part of the primitive area where
it attains maximum thicknesses of 600-1000 ft. The
equivalent of the lower part of this formation is exposed
to the east of the primitive area where it is called the
Santa Fe Formation.

Paleozoic sedimentary rocks and Precambrian meta-
morphic and granitic rocks crop out to the east and
south of the primitive area and probably lie beneath the
volcanic cover throughout the primitive area. The Pale-
ozoic rocks are by far the most widespread and are the
principal host rocks of the mineral deposits in the
nearby Hermosa, Kingston, and Carpenter mining dis-
tricts. The Paleozoic formations have an aggregate
thickness of about 2400 ft, range in age from Cambrian
to Permian, and consist chiefly of limestone and
dolomite and lesser amounts of sandstone and shale.

The volcanic rocks of the primitive area have been
folded and faulted and intruded by dikes and irregularly
shaped masses of rhyolite porphyry, flow-banded rhyo-
lite, and andesite. The primitive area is the center of
an elongate dome that marks the resurgent Emory
Cauldron. Many north-trending faults in the area have
displacements ranging from a few feet to a few hun-
dreds of feet. The Paleozoic sedimentary rocks along the
eastern side of the Black Range show gentle folding and
intense block faulting.

Field investigations of the primitive area included
geologic mapping, geochemical sampling of stream
sediments and rocks, investigation and sampling of
mineral occurrences and hydrothermal alteration zones,
an aeromagnetic survey, and search of courthouse
records for mining claims (Ericksen and others, 1970).

MINERAL RESOURCES

Although few indications of exposed mineral deposits
were found in the Black Range Primitive Area, it is
probable that ‘“blind” or buried deposits are present,
chiefly in the Paleozoic and Precambrian rocks and the
Rubio Peak Formation of Oligocene age that underlie
the volcanic rocks of the Mogollon-Datil volcanic field.
Such deposits would be expected to be similar to those
that occur in these rocks in the four mining districts
shown on the map. These districts are, from north to
south, the Chloride, Hermosa, Kingston, and Carpenter
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districts. The mines in these districts were active chiefly

during the late 19th and early 20th centuries. At the

time of our investigations in the late 1960’s, the only ac-

tivity was prospecting for silver ores in the Chloride

district and mining of a small lead-zinc deposit in the

Carpenter district. During early mining, silver was the

principal metal recovered from deposits in the Chloride,

Hermosa, and Kingston districts where it occurs in

association with varying amounts of lead, zinc, copper,

and gold. Lead and zinc ores, low in silver, were mined in

the Carpenter district. The deposits consist chiefly of
veins in the Paleozoic rocks and the andesite of the

Rubio Peak Formation, and replacement bodies in Pa-
leozoic limestone units near some of these veins. The

deposits are small, and total production from all four

districts probably had a value of about $9 million, chiefly

from secondarily enriched silver ores. Although it is likely '
that the Black Range Primitive Area contains hidden or
buried silver-bearing base-metal mineral deposits,it would
be expected that most deposits be small, as are most
known deposits along the eastern side of the Black Range.
Because of these uncertainties nobase- and precious-metal
resource potential was identified. Small amounts of cassi-
terite (tin oxide) have been recovered from veins in a tin-

bearing rhyolite of the Mogollon-Datil field along

Taylor Creek and from placers resulting from erosion of

these rocks, north of the primitive area. It is possible

that similar deposits could exist in the primitive area,

however, cassiterite veins were not observed in the tin-

bearing rhyolite within the primitive area and although

the geochemical samples from Diamond Creek show

anomalously high tin values, these values are not suffi-

cient to indicate a tin placer. The presence or absence of

tin placers in this area could be determined only by a de-

tailed drilling program.

In the Taylor Creek area, the cassiterite occurs as
local concentrations of veinlets, blebs, and disseminated
grains in the rhyolite, chiefly in zones of steeply dipping
sheeting that may have been eruptive centers; most of
the rhyolite is either barren or contains only traces of
tin. The richest lode deposits in the Taylor Creek area
reportedly do not exceed 0.02-0.06 percent tin, and the
placer deposits averaged less than 0.05 lb/cu yd of tin.
Recorded production of cassiterite from Taylor Creek
was 325 lbs of hand-picked vein material in 1937, and
1500 lbs of placer concentrates recovered in 1939-40.
Additional but undisclosed small amounts of concen-
trates were produced during the periods 1941-44 and
1965-66. No potential for tin was identified in the area.

Sparse impure topaz crystals as much as 1 in. long
and 0.25 in. in diameter occur in cavities in vuggy
rhyolite at Round Mountain, in the northernmost part
of the primitive area. The crystals consist of pale-yellow
topaz enclosing mineral grains and fragments of the









BUNK ROBINSON PEAK AND WHITMIRE CANYON ROADLESS AREAS,
NEW MEXICO AND ARIZONA

By PHILIP T. HAYES,! U.S. GEOLOGICAL SURVEY, and

S. DON BROWN, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey of the Bunk Robinson Peak and Whitmire Canyon
Roadless Areas in 1980 identified a 1-sq-mi area of probable resource potential
for molybdenum, bismuth, lead, zinc, and precious metals in the northwest part
of the Bunk Robinson Peak Roadless Area. This appraisal is based on the
presence of hydrothermally altered rock and geochemical anomalies. Small
deposits of perlite could be present locally, but none were seen. The possibility
that resources of oil and (or) gas underlie the area is deemed to be very slight.

CHARACTER AND SETTING

The Bunk Robinson Peak and the Whitmire Canyon
Roadless Areas straddle the Arizona-New Mexico State
line in the southern Peloncillo Mountains and are
separated by a 1 mi-wide zone containing a road that
crosses the mountains. The Bunk Robinson Peak Road-
less Area, the southerly one, comprises about 30 sq mi
mostly in New Mexico but with a little more than 1 sq
mi extending into Arizona. The Whitmire Canyon Road-
less Area, the northerly one, comprises about 11 sq mi
in New Mexico and about 7 sq mi in Arizona. The ter-
rain in both areas is characterized by cliffs and steep
slopes. The highest altitudes above sea level are 6450 ft
in the Bunk Robinson Peak Roadless Area and 6526 ft
in the Whitmire Canyon Roadless Area, and the lowest
altitudes are about 4600 ft in the Bunk Robinson Peak
area and about 5100 ft in the Whitmire Canyon area.

A mineral-resource survey of the roadless areas was
made in 1980 by the USGS and the USBM. A geologic
map was prepared, a thorough geochemical survey was
made, and the rocks of the areas were examined for
evidence of mineral deposits. In addition, a records
search was made for mineral claims, and prospects in
the vicinity of the roadless areas were examined. The
results of these studies were presented by Hayes (1982),
Watts and others (1983), Hayes and others (1983) and
S. D. Brown (unpub. data, 1980).

'With contributions by Kenneth C. Watts, Jr., USGS.

About 80 percent of the surface rock in the two
roadless areas is volcanic rhyolitic tuff and lava of
Oligocene age; tuff is dominant in the Bunk Robinson
Peak Roadless Area and lava in the Whitmire Canyon
Roadless Area. Other rocks in the two areas consist of
Oligocene dacitic lava, quartz latitic lava and tuff,
volcanic breccias, and epiclastic sedimentary rocks.
Some tuffaceous sandstone and conglomerate with
interlayered tuff of probable Miocene age lies near the
northeast corners of both roadless areas, and small rem-
nants of Pleistocene or Pliocene olivine basalt cap some
higher hills in both roadless areas. The rhyolitic lavas
and tuffs and related rocks almost certainly were vented
from one or more nearby volcanic centers, and there is
some evidence that they came from a large volcanic
cauldron centered near the middle of the study area.
There are a dozen or so north-trending faults within the
study area, most of which may be related to cauldron
collapse but some of which have shown displacement
since eruption of the Pleistocene or Pliocene basaltic
lava. Paleozoic or Mesozoic sedimentary rocks that may
underlie the volcanic rocks must have been somewhat
shattered and baked by the volcanism.

There is no history of mining in either of the roadless
areas, but there has been some recent prospecting and
about 90 mining claims have been located in or very
near the areas. Most of these are in a zone of altered
rock that extends into the northwest part of the Bunk
Robinson Peak Roadless Area. A small abandoned
quarry, from which rhyolite tuff was taken for local use
as building stone, lies between the roadless areas.

799



MINERAL RESOURCES

Geologic and geochemical investigations did not find
surface exposures of minable base- or precious-metal
minerals within the roadless areas. However, kaolin-
ized(?) surface rock, metal-rich acid waters, and anoma-
lously high values of barium, lead, molybdenum, and
arsenic in the northwest part of the Bunk Robinson
Peak Roadless Area, indicate mineralizing hydrother-
mal activity in that area. It is possible that deposits of
molybdenum, bismuth, lead, zinc, or possibly precious
metals could be discovered by drilling, and the area is
considered to have probable resource potential. Anoma-
lously high values of tin, molybdenum, beryllium, and
bismuth in areas underlain by rhyolitic lava in both
roadless areas are not indicative of mineral deposits at
the surface, but do suggest the possibility of mineral-
ized igneous rock at depth. These data are insufficient
to assess the areas as having resource potential.

No nonmetallic or energy resources were found in
either roadless area. However, layers of obsidian as
much as 8 ft thick are locally present in the rhyolitic
lava outcrops in both roadless areas. The presence of ob-
sidian suggests that the area could also contain perlite
deposits, but none were seen in this study.

Although sedimentary rocks of Mesozoic and Paleo-
zoic age may underlie the volcanics in the roadless area,
the potential for deposits of oil and gas in those rocks is
deemed to be very slight. Natural gas in Permian rocks
and dead oil in Ordovician rocks have been encountered
in exploratory holes drilled about 30 mi east of the
roadless areas, but the volcanic activity that took place
within the roadless areas would almost certainly have
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had a deleterious effect on any oil or gas that may once
have been present.

SUGGESTIONS FOR FURTHER STUDIES

A limited coredrilling program in the area of altered
rock that extends into the northwest part of the Bunk
Robinson Peak Roadless Area might either reveal the
presence of metallic deposits there or discourage further
study.

An airborne magnetometer survey or other geophys-
ical surveys of the roadless areas could help in locating
possible buried stocks that might be the source of
anomalously high metal values in the outcrop areas of
rhyolitic lava. If such stocks were indicated by one or
more geophysical surveys, they should be further evalu-

ated by a core-drilling program.

REFERENCES

Hayes, P. T., 1982, Geologic map of Bunk Robinson Peak and Whit-
mire Canyon Roadless Areas, Coronado National Forest, New
Mexico and Arizona: U.S. Geological Survey Miscellaneous Field
Studies Map MF-1425-A, scale 1:62,500.

Hayes, P. T., Watts, K. C., Hassemer, J. R., and Brown, S. D., 1983,
Mineral resource potential map of Bunk Robinson Peak and
Whitmire Canyon Roadless Areas, Hidalgo County, New Mexico
and Cochise County, Arizona: U.S. Geological Survey Miscellane-
ous Field Studies Map MF-1425-B, scale 1:62,500.

Watts, K. C., Hassemer, J. R., and Day, G. W., 1983, Geochemical
maps of Bunk Robinson Peak and Whitmire Canyon Roadless
Areas, Hidalgo County, New Mexico and Cochise County,
Arizona: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1425-C, scale 1:62,500.















CHAMA RIVER CANYON WILDERNESS AND
CONTIGUOUS ROADLESS AREA, NEW MEXICO

By JENNIE L. RIDGLEY, U.S. GEOLOGICAL SURVEY, and

THOMAS D. LIGHT, U.S. BUREAU OF MINES

SUMMARY

Results of mineral surveys conducted during 1980-81 indicate that the
Chama River Canyon Wilderness and contiguous roadless area have a probable
mineral-resource potential for copper with associated uranium and silver. Gyp-
sum occurs throughout the area, exposed in the canyon walls. The possibility for
the occurrence of oil and gas and uranium in limestone needs to be further

tested.

CHARACTER AND SETTING

The Chama River Canyon Wilderness, in Rio Arriba
County, north-central New Mexico, covers approxi-
mately 80 sq mi within the Santa Fe and Carson Na-
tional Forests. In 1979, the USFS designated three con-
tiguous areas, totaling 7.5 sq mi, for further planning,
but these areas were subsequently dropped from the
program. In 1980-81 geologic, geochemical, and
mineral surveys of the wilderness and contiguous road-
less areas were conducted by the USGS and USBM
(Light, 1983; Ridgley, 1983ab; Ridgley and Light,
1983).

The Chama River Canyon Wilderness and contiguous
roadless area are approximately 70 mi northwest of
Santa Fe and nearly 130 mi north of Albuquerque. The
areas are accessible by several USFS roads that join
major highways in the vicinity.

The wilderness and contiguous roadless area consist
of the very scenic steep canyons cut by the Rio Chama,
Rio Gallina, and their tributaries. Altitudes range from
6300 ft above sea level along the valley of the Rio
Chama to 8900 ft at Mesa Alta, in the southern part of
the wilderness.

Rocks exposed in the wilderness consist entirely of
sedimentary rocks that range in age from Permian to
Quaternary. These rocks have an aggregate thickness of
more than 2300 ft, and consist of conglomerate, sand-
stone, siltstone, mudstone, and limestone. Sediments
that formed these rocks were deposited in fluvial,
lacustrine, eolian, and marine environments. Forma-
tions present in the wilderness include the Permian
Cutler Formation, Triassic Chinle Formation, Jurassic
Entrada Sandstone, Todilto Limestone, and Morrison

Formation, and Cretaceous Burro Canyon(?) Formation
and Dakota Sandstone. Quaternary units consist of
unconsolidated to semiconsolidated deposits of sand,
silt, and gravel and talus and landslide deposits.

The Chama River Canyon Wilderness and adjacent
roadless area are in the southern part of the Chama
basin, in the southeast part of the Colorado Plateau
physiographic province. Major structual features in the
wilderness were formed during the Laramide orogeny of
Late Cretaceous and early Tertiary age. The wilderness
is located in a structural transition zone. Rocks in the
western part of the area are folded and faulted and form
the southern part of the Archuleta anticlinorium, a
series of faulted anticlines and synclines that separate
the Chama basin from the San Juan basin to the west.
Structural features that characterize the eastern part of
the wilderness consist of gently north and northwest
dipping strata, broad open folds or warps, and a few
steep, normal faults. The gentle warps and folds occur
at the southern margin of the Chama syncline, the prin-
cipal structural feature that forms the Chama basin.

Most of the surface in the wilderness has been ex-
amined at some time in the past for the presence of
mineral deposits. Mining claims have been staked in
and around the wilderness for uranium, kaolinite, and
rareearth elements. During the mid-1950’s, when
uranium exploration was at its peak, many mining
claims were located throughout the area. Exploration
for uranium was revived in the 1970’s; additional claims
were staked at this time. No production has been re-
corded from any of the properties in the wilderness.

Much of the land in and around the wilderness has
been previously leased for oil and gas (Light, 1983),

although no wells have been drilled in the wﬂdemesgb
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MINERAL RESOURCES

Results of geologic, mineral, and geochemical surveys
during 1980 and 1981 indicate several types of mineral
resources in the Chama River Canyon Wilderness and
contiguous roadless area. Gypsum in the Jurassic
Todilto Limestone is the principal resource in the area.
Gypsum is presently being mined at San Ysidro, about
75 mi south of the wilderness, and recent mining has
begun on Cerro Blanco, near Gallina. Although gypsum
exists within the wilderness, other areas outside the
wilderness also contain resources of gypsum that are
easier to obtain and closer to market.

The surveys also indicate a probable iineral-resource
potential for copper with associated uranium and silver
as red-bed stratiform deposits in the Cutler and lower
part of the Chinle Formations. Stratiform copper
deposits, present in the Chinle and Cutler Formations in
the nearby Cuba, Gallina, and Coyote areas (Chenoweth,
1974), range in size from a few thousand to several hun-
dred thousand tons. Chemical analyses from these
deposits indicate the presence of several hundred parts
per million (ppm) uranium and as much as 50 ppm silver
(Green and others, 1982).

In the wilderness only two stream-sediment samples
contained anomalous concentrations of copper (Ridgley,
1983b). The samples were from drainages that, at some
place, cut through lower Chinle sandstones. The occur-
rence of copper anomalies in stream sediments derived
in part from lower Chinle sandstones could be fortuitous
or might actually reflect the presence of buried or
eroded copper deposits. Drilling would be necessary to
adequately determine the resource potential for these
metals.

The presence of one uranium anomaly and two pros-
pects in the Todilto Limestone in the wilderness and
contiguous roadless area (Ridgley and Light, 1983) and
one small deposit that was ined outside the wilderness
near Coyote (Chenoweth, 1974) is interpreted to indicate
a probable mineral-resource potential for noncopper-
related uranium in the Todilto Limestone. The grade of
the deposit near Coyote was 0.10 percent U,O, (Cheno-
weth, 1974), similar to that reported for ore mnined from
the Todilto in the Grants uranium region (Hilpert,
1969).

One prospect and a nearby anomalous locality, at
Mesa Alta in the southern part of the wilderness, are
probably part of the same 1nineralizing system, as only
1 mi separates the two. At both localities the uranium is
associated with an increase in vanadium content. A
similar association has been noted by Hilpert (1969) in
the uranium ores in the Todilto Limestone in the Grants
area. All of the surface area of the Todilto within the
wilderness has probably been prospected at one time or
another. No additional uranium prospects have been
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reported in the literature. All the uranium anomalies
and prospects in the Todilto occur where the overlying
gypsum facies is absent; thus the best target areas
would be where the gypsum member is not present.

The wilderness has a probable mineral-resource poten-
tial for oil and gas. Fitter (1958) reported shows of oil in
Pennsylvanian strata in a drill hole several miles south
of the wilderness. These strata, however, have not been
drilled in the wilderness to determine the potential for
favorable facies or the presence of structural or strati-
graphic traps at depth. The best target areas for explo-
ration would be the structurally complex western part
of the wilderness (Ridgley, 1982).

SUGGESTIONS FOR FURTHER STUDIES

Further study of the wilderness should concentrate on
exploratory drilling to test the oil and gas potential of
Pennsylvanian strata and evaluate vanadium anomalies
in the Todilto as a prospecting guide for locating
uranium.
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GILA WILDERNESS, NEW MEXICO

By JAMES C. RATTE, U.S. GEOLOGICAL SURVEY, and
RONALD B. STOTELMEYER, U.S. BUREAU OF MINES

SUMMARY

Geologic, geochemical, and geophysical indicators delineated during a study
of the Gila Wilderness by the USGS and USBM from 1968 to 1971 indicate that
there are areas of probable and substantiated mineral-resource potential for
gold, silver, tellurium, molybdenum, copper, lead, zinc, and fluorite. The areas
which have resource potential lie along both sides of the western and
southwestern boundaries of the wilderness, and adjacent to the access corridor
to the Gila Cliff Dwellings National Monument in the eastern part of the
wilderness. Areas marked by geothermal springs along Turkey Creek and the
Middle Fork of the Gila River have a probable potential for geothermal energy.
No other energy-resource potential was identified within the study area.

CHARACTER AND SETTING

The Gila Wilderness in southwestern New Mexico
(formerly the Gila Wilderness and the contiguous tracts
of the Gila Primitive Area) was the first area in the
United States to be administered as wilderness; it was
established by the USFS in 1924. The original wilder-
ness of approximately 685 sq mi was augmented by
another 200 sq mi in the New Mexico Wilderness Act of
1980. The wilderness is in a rugged area of high moun-
tains and deep canyons, and it includes the headwaters
of the Gila River. Altitudes range from nearly 11,000 ft
on the crest of the Mogollon Mountains to less than
5000 ft at the mouth of the canyon where the Gila River
exits the wilderness, giving a maximum relief greater
than 6000 ft. Access is mainly from the towns of Silver
City and Cliff on the south, and Glenwood and Mogollon
on the west.

The Gila Wilderness was studied from 1968-71 and
its mineral potential was assessed. Samples of stream
sediment, panned concentrates from stream sediments,
and rocks were used for the assessment, and all known
mines and prospects were evaluated.

Geologically, the wilderness is in the southern part of
the Mogollon-Datil volcanic field, which covers approx-
imately 10,000 sq mi at the southeastern corner of the
Colorado Plateau in southwestern New Mexico and ad-
jacent parts of Arizona. This mountainous part of the
Mogollon-Datil volcanic field overlies the transition
zone between the Colorado Plateau and the Basin and

Range structural and physiographic provinces. Except
for extensive areas where the volcanic rocks are covered
by streamlain sedimentary rocks (Gila Conglomerate)
that were derived by erosion of the older volcanic rocks,
the rocks exposed within the wilderness are almost en-
tirely volcanic igneous rocks of middle Tertiary age. A
minimum aggregate thickness of 6000 ft of volcanic
rocks underlies most of the wilderness, and the thick-
ness may be twice that over large areas. These middle
Tertiary volcanic rocks, largely Oligocene and Miocene
in age, are the eruptive products of a large magma
chamber, or chambers, that probably underlies most of
the present wilderness and extends beneath adjacent
areas. The first materials erupted from the magma
reservoir formed numerous andesitic central volcanoes
that built a foundation upon which later catatastrophic
eruptions deposited a thick sequence of silicic ash-flow
tuffs. The great volume of magma evacuated from the
magma reservoir during these eruptions caused the
chamber’s roof to collapse, and large subsidence
calderas such as the Bursum and Gila Cliff Dwellings
calderas were formed as a consequence.

The ring-like faults that formed during caldera col-
lapse, plus the faults of several regional fracture
systems provided weak zones where volcanic activity
continued, including the emplacement of subvolcanic in-
trusives and associated mineralizing fluids, particularly
along the west and southwest boundaries of the wilder-
ness. Dating of vein material in the Mogollon mining
district indicates that silver-gold-copper ore probably
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was formed there about 17-18 million years ago (R. F.
Marvin, written commun., 1981). However, there may
also have been at least one earlier period of mineraliza-
tion in the middle Tertiary rocks of this area.

MINERAL RESOURCES

The Gila Wilderness is within a major volcanic field of
middle Tertiary age, near the intersection of regional
tectonic trends and adjacent to major copper deposits of
Laramide age and lesser but significant silver-gold-
copper, lead-zinc-copper, and fluorite deposits of middle
to late Tertiary age. The mineral-resource survey of the
USGS and USBM (Ratté and others, 1979) furthermore
has shown the presence of molybdenum anomalies in
the area, and intensive exploration by major mining
companies for molybdenum ore targets within the Gila
Wilderness and along its boundaries continues at
present.

Although past production of mineral commodities
from within the wilderness has been negligible, abun-
dant evidence of mining activities in and adjacent to the
area dates back more than a century. Thousands of min-
ing claims have been located, including 11 patented
claims within the wilderness; another 61 patented
claims in the Alum Mountain area were purchased by
the USFS in 1969, and are now part of the Gila Wilder-
ness. Most of the mines and prospects are concentrated
in the wilderness boundary areas, but some mining has
penetrated into the most rugged heart of the wilderness
along Big Dry Creek. Several mining districts along the
periphery of the protected area are the Mogollon,
Wilcox, Lone Pine, Gila, and Alunogen districts. Activ-
ity within the districts has been sporadic, but the
Mogollon district has produced more than 25 million
dollars in silver, gold, and copper, and exploration for
new ore bodies continues there today. The Wilcox
district has been the site of concentrated exploration for
gold, silver, fluorite, and base metals in the past, and
more recently, intensive molybdenum exploration. The
Gila fluorspar district has been the principal source of
fluorspar in the area, although other fluorspar mines
and prospects are scattered along the wilderness bound-
ary from the Gila district to the Mogollon district. The
Brock Canyon area within the Gila district is part of an
elliptical halo of altered volcanic rocks about 2 mi long
that represents a major exploration target for molybde-
num and other metals immediately adjacent to the
wilderness.

The Alunogen district (Alum Mountain) is an area of
probable resource potential for base- and precious-
metals and represents a prime exploration target; the
area has aluminum resources as well.
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Within the wilderness, small demonstated resources
of lead-zinc-copper-cadmium ore have been identified at
the Uncle John mine on Big Dry Creek, and gold-
bearing quartz veins have been mined near the head
of Big Dry Creek, though there are no records of
production.

Nearly 60,000 tons of fluorspar has been produced
from mines near but largely outside the wilderness.
Minor production of other nonmetallic industrial
minerals includes 1000 tons of meerschaum clay, and
minor other clays and aluminum salts.

Geothermal springs are used for local domestic hot
water at Gila Hot Springs adjacent to the wilderness
near the Gila National Monument, and geothermal
springs occur along Turkey Creek.

The mineral-resource potential of the Gila Wilderness
is directly related to the following: (1) Subvolcanic in-
trusives of middle Tertiary age that have been emplaced
along major zones of faulting and fracturing that are
concentrated in a northwest-trending belt along the
southwest boundaries of the wilderness, and around the
ring fracture zone of the Bursum caldera. Some of the
intrusives are presently exposed and are known to have
altered and mineralized rocks associated with them;
others can be assumed to be buried at depth along the
structurally weakened zones. The presence of ex-
ploitable ore deposits associated with the intrusives can
only be ascertained by more detailed geologic studies
and exploratory drilling. (2) Possible Laramide-age
mineralized intrusives may occur beneath the middle
Tertiary volcanic rocks. The evidence for such in-
trusives and possible associated mineral deposits is the
presence of porphyry copper and base-metal vein or
replacement deposits in similar terrain where the middle
Tertiary volcanic cover has been partially removed—as
at Morenci, Tyrone, and Santa Rita—all within 30 mi of
the Gila Wilderness. New techniques probably will be
required before exploration targets of Laramide age can
be identified with a reasonable chance of success
beneath the thick middle Tertiary volcanic sequence
that covers most of the Gila Wilderness.

In summary, much of the west and southwest bound-
ary of the Gila Wilderness has a substantiated mineral-
resource potential for deposits of silver, gold, tellurium,
copper, molybdenum, lead, zinc, and fluorite. The Alum
Mountain-Copperas Creek area has a probable mineral-
resource potential for molybdenum, silver, gold, or
other base and precious metals. A probable potential for
base-metal deposits is present within the wilderness
above the main forks of Big Dry Creek at the Uncle
John mine, and gold- and silver-bearing quartz veins
between Spruce Creek and Big Dry Creek also have a
probable mineral-resource potential.

In addition, there could be vein and replacement









GUADALUPE ESCARPMENT WILDERNESS STUDY AREA, NEW MEXICO

By PHILIP T. HAYES,! U.S. GEOLOGICAL SURVEY, and

JOHN R. THOMPSON, U.S. BUREAU OF MINES

SUMMARY

A mineral-resource survey of the Guadalupe Escarpment Wilderness Study
Area made by the USGS and the USBM in 1981 and 1982 indicates little
possibility for the occurrence of metallic mineral resources. The area is underlain
by thousands of feet of sedimentary rock that could contain either stratigraphic
or structural oil and (or) gas traps. The oil and gas resource potential is assessed
to be probable, but cannot be conclusively known before several exploratory
holes have been drilled in the area. Limestone, gravel, and guano occur in the
area but these commodities also occur elsewhere outside the area.

CHARACTER AND SETTING

The Guadalupe Escarpment Wilderness Study Area
comprises about 34 sq mi along the southeast escarp-
ment of the Guadalupe Mountains in Eddy County,
New Mexico. The escarpment is incised by deep, rugged
canyons that drain eastward to tributaries of the Pecos
River. The highest altitude above sea level in the study
area is about 7480 ft and the lowest altitude is about
4875 ft.

A mineral-resource survey of the area was made by
the USGS and the USBM in late 1981 and early 1982. A
geologic map was prepared (Hayes and others, 1983), a
search was made for field evidence of mineralization, a
survey and assessment of existing mines and prospects
in and near the study area was done (Thompson, 1983),
and a geochemical study of the area was made (Light
and Domenico, 1983).

The area is known to geologists for its splendid ex-
posures of the fossil barrier-reef or bank deposits of the
Capitan Limestone and older Goat Seep Dolomite of
Permian age and for the northwestward lateral facies
changes of those formations into equivalent bedded
dolomite, sandstone, and siltstone of the Artesia Group.
The Capitan forms the face of the escarpment and holds
up magnificent cliffs in the canyons whereas the Goat
Seep is exposed in steep slopes in the bottom of the
southernmost canyon of the area. The rocks of the
Artesia Group are exposed to the northwest of the
Capitan and Goat Seep and on the ridges between the

'With contributions by Thomas D. Light, USGS.

canyons. Alluvial gravel derived from the Permian for-
mations is present in most canyon bottoms. On the
basis of exposures elsewhere in the Guadalupe Moun-
tains and on drilling information it is known that
thousands of feet of older Permian and of Pennsylva-
nian and older rocks underlie the area in the subsurface.
The rocks of the area are generally unfaulted but dip
gently eastward to southeastward. The northwest
boundary of the study area lies along a ridge that nearly
coincides with the crest of an anticline.

MINERAL RESOURCES

There is no record of mining in the Guadalupe Escarp-
ment Wilderness Study Area. However, some copper
was mined before 1928 from veins in Capitan-equivalent
rocks of the Artesia Group about 2 mi southwest of the
southwest corner of the study area and minor copper
mineralization is present at a prospect in similar rocks
within the bounds of the study area. Those occurrences
combined with geochemically anomalous concentra-
tions of zinc, arsenic, lead, cadmium, and molybdenum
in sandstones of the Artesia Group and anomalous con-
centrations of lead, molybdenum, copper, and boron in
stream sediments suggest the possibility for the occur-
rence of epigenetic base-metal resources in the Artesia
Group. Although these data indicate a possibility for
the occurrence of resources, they are insufficient to
assess the area as having resource potential.

Some of the rock in the Capitan Limestone might be
suitable as cement limestone but due to the massive
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nature of the rock and its general occurrence in cliffs, it
would be difficult and expensive to quarry. Limestone
gravel near the mouths of some of the large canyons
might be exploitable at some time in the future when
and if gravels closer to market areas have been ex-
hausted. Guano that occurs in one cave and possibly in
others is probably of academic interest only inasmuch
as there are cheaper sources for the fertilizer nitrate for
which guano was formerly mined.

Both oil and gas are presently being produced from
Pennsylvanian rocks about 10 mi east of the study area
and oil has been discovered in Lower Permian rocks less
than 5 mi east of the area. About a dozen wildcat holes
located in the Guadalupe Mountains within 10 mi north
of the study area have been drilled into or through Penn-
sylvanian rocks without success. Information from drill
holes indicates that lithologic facies changes take place
in Pennsylvanian and Lower Permian rocks beneath the
study area with the possibility that stratigraphic traps
suitable for oil and gas accumulation could exist
beneath the area. The fact that the northwest boundary
lies approximately on the axis of a surface anticline
opens the possibility of structural traps as well.
However, one unsuccessful hole has been drilled on that
anticline on the edge of the study area. In spite of that
hole, the study area itself can be said to be virtually
untested, and valid cases could be made for drilling
several exploratory holes in the area (Hayes and others,
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1983). Based on these data the area has a probable
potential for oil and gas.

SUGGESTIONS FOR FURTHER STUDIES

Although it is possible that epigenetic metal deposits
may be present in the Artesia Group, the probability
that such deposits would be exploitable is so low that no
further search for them is recommended. The oil and(or)
gas potential of the area cannot be conclusively known
until several exploratory holes have been drilled at least
through the Pennsylvanian strata known to underlie the
area.
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MANZANO WILDERNESS, NEW MEXICO

By C. H. MAXWELL,! U.S. GEOLOGICAL SURVEY, and

THOMAS D. LIGHT, U.S. BUREAU OF MINES

SUMMARY

On the basis of a mineral survey in 1979-80, the extreme southwestern part of
the Manzano Wilderness has a probable mineral-resource potential for the occur-
rence of gold. A sample from one inactive mine in this area yielded concentra-
tions of gold and silver. Other mines and prospects and associated geologic ter-
rane have little promise for the occurrence of additional mineral resources. No
other mineral or energy resource potential was identified in the study.

CHARACTER AND SETTING

The Manzano Wilderness occupies an area of about 55
sq mi along the crest and west slope of the Manzano
Mountains about 30 mi south-southeast of Albuquer-
que, along the boundary of Torrance and Valencia Coun-
ties. The western base of the mountains is about 6000 ft
above sea level and crest generally about 9000 ft, rising
to a maximum of 10,098 ft at Manzano Peak. The range
is rugged and precipitous, with 1600 ft to 2400 ft/mi
relief over most of the range, with large talus fields and
rock glaciers near the crest and numerous cliffs and
steep rock faces throughout the area.

Access to the periphery of the wilderness is provided
by unimproved dirt roads and jeep trails along most of
the western and southeastern parts of the area and by
improved dirt and gravel roads, one to the John F. Ken-
nedy Camp Ground on the west-center boundary, one to
Red Canyon Picnic Area on the southeast side, one to
the top of Capilla Peak, and the Tarreon-Tajique loop
road near the northeast boundary.

The Manzano Mountains, part of the uplifted eastern
margin of the Rio Grande Trench, are an eastward-
dipping, fault-block mountain range with a core of com-
plexly deformed Precambrian rocks overlain by Penn-
sylvanian sedimentary rocks that dip gently eastward.
The Manzano Wilderness is largely confined to the area
underlain by Precambrian rocks, which includes the
crest and steep west-facing slopes and some of the east-
facing slopes, mostly in the southern part of the area.

The major faults in the region occur along the eastern
and western borders of the range. Those along the west

'With contributions by R. A. Wobus, USGS.

base of the mountains, near the western boundary of the
wilderness, have projected displacements of at least
10,000 ft down to the west, and as much additional
displacement on other faults a short distance west of
the wilderness. The faults are not well alined and are
probably part of a wide zone of faults marking the east
edge of the Rio Grande Trench.

The faults along the east base of the mountains are
mostly westward dipping reverse faults with older rocks
on the west upthrust against and over younger rocks on
the east. Some segments of the faults are vertical or
eastward dipping, probably indicating later vertical
movement on the fault. Several prominent faults in the
Precambrian rocks are parallel to the reverse faults and
are probably related to the same period of deformation.
Numerous occurrences of cataclastic rock and bull
quartz veins in the Precambrian rocks probably repre-
sent fault and shear zones.

Folds in the Manzano Mountains are a minor part of
the regional structure; the sedimentary rocks have only
a few small and open folds plunging gently eastward.
Bedding is locally steeply dipping or overturned adja-
cent to the reverse faults. The Precambrian rocks,
however, have numerous small folds. Argillaceous rocks
in the central part of the wilderness are characterized by
tightly crenulated, nearly isoclinal folds, with amplitude
to length ratios varying from 1:1 to as much as 4:1;
chevron crenulations with amplitudes of a few centi-
meters occur on the limbs of chevron folds having three
to several feet amplitude, which are part of an apparent
fold with hundreds of feet amplitude.

The argillaceous rocks on the west side are composed
largely of schist containing numerous lenses and layers
of quartzite, and appear to have had a more complex
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deformational history than the overlying rocks to the
east. Bedding or compositional layering is rarely
observed except in the quartzite. Many of the quartzite
layers appear to be lenticular, but they could be tec-
tonically disjointed remnants of beds; some lenses of
quartz cataclasite and quartz-sericite schist may also be
disjointed remnants of beds. Some quartzite layers
exhibit folding not seen in the overlying rocks. Most
foliation in the argillaceous rocks near the contact with
the overlying rocks is generally parallel to the contact
but may be at a large angle a short distance from the
contact.

The argillaceous metasedimentary rocks are inter-
preted to be the oldest of the Precambrian rocks. They
were intruded by granodiorite of the Ojito stock, which
has an isochron age of 1.57 billion years; the youngest of
the metamorphic rocks have an isochron age of 1.7 bil-
lion years (Condie and Budding, 1979).

MINERAL RESOURCES

A small area in the southwest part of the Manzano
Wilderness is considered to have probable mineral-
resource potential. Assays of samples from several
mines and prospects on a small northwest-trending
fault in this area revealed concentrations of gold. One
sample, a 2-ft chip from a mine, contained 0.37 oz of
gold/ton and 4.0 oz of silver/ton, and 0.65 percent copper
and 1.45 percent lead. Other samples ranged from 0.01
to 0.1 oz of gold/ton.

No significant mineral occurrences were found else-
where in the wilderness. Small occurrences of secondary
copper minerals and pyrite, an iron-sulfide mineral, in
vein-like pods were prospected in the southwestern part
of the wilderness. Bismuth was detected in two samples
from erosional remnants of Mississippian rocks from
the wilderness southeast of Mosca Peak. Zirconium oc-
curred in anomalous amounts in many stream-sediment
samples from drainages in an argillaceous metasedi-
mentary rock unit, and probably represents an alluvial
concentration of the mineral zircon from Precambrian
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formations, followed by a further concentration in the
Quaternary alluvium of detritus derived from the
Precambrian rocks.

Gold was detected in very small amounts in several
stream-sediment and rock samples, but only four
samples contained more than 1 part per million; silver
was detected in several samples but in amounts less
than 1 part per million; other elements were also found
in anomalous amounts, but none indicate a likelihood
for the occurrence of resources.

SUGGESTIONS FOR FURTHER STUDIES

Further study of the wilderness offers little promise
for the identification of hidden mineral deposits.
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other sources. At the fumaroles at or near the sites of
the rhyolitic eruptions, metals precipitated on the sea
floor. Such ore-forming processes are known to have oc-
curred elsewhere from ancient to modern times. They
produced the ore that was extracted from the Pecos
mine, located approximately 1 mi southeast of the wil-
derness boundary, clearly recognized by Riesmeyer
(1978) as a nearly classic example of rhyolite-hosted
volcanogenic massive sulfide deposits.

The principal mineral potential of the wilderness is
closely related to the Pecos and Dalton volcanic centers
(Moench and Erickson, 1980; Fulp, 1982; Riesmeyer,
1978). The Pecos center is the principal known source of
the metamorphosed volcanic and related sedimentary
rocks exposed east of the Pecos-Picuris fault. These
deposits were erupted atop and were spread outward
from an underlying large complex chamber of magma,
now represented by some of the Precambrian intrusive
igneous rocks exposed in the southeastern part of the
wilderness. The assemblage of related volcanic and in-
trusive rocks, called the Pecos greenstone belt (Robert-
son and Moench, 1979), probably originated about 1.72
billion years ago. As volcanism waned, quartz sand-
stone and shale, now quartzite and schist, were shed
from an unknown source and spread across the region.

The Dalton volcanic center west of the Pecos-Picuris
fault may be younger (Fulp, 1982; about 1.65 to 1.70
billion years old) and unrelated to the Pecos center.
Speculatively, the Dalton eruptions may have followed
deposition of the quartz sandstone and shale, now
represented by quartzite and schist north of Glorieta
Baldy and inferred to lie below the volcanic rocks. The
eruptions yielded potassium-rich rhyolite unlike that of
the Pecos center (Fulp, 1982; Riesmeyer, 1978). Also,
whereas tungsten as well as zinc, lead, copper, and silver
are important resources at the Dalton center (Moench
and Erickson, 1980), no appreciable evidence of tung-
sten mineralization is recognized at the Pecos center or
elsewhere east of the Pecos-Picuris fault.

MINERAL RESOURCES

Two small areas just south of the Pecos Wilderness
are classed as having substantiated mineral-resource
potential for volcanogenic massive sulfide deposits
associated with the Pecos volcanic center. One area con-
tains the Pecos mine, a substantial past producer of
zinc, lead, copper, silver and gold. The other contains
the Jones mine, a prospect having no known production,
but the approximate site of a recent major discovery by
Conoco (World Mining, 1978).

The two areas of substantiated potential are within a
larger area classed as having probable potential for
similar deposits in the Precambrian basement, most of

which is buried under sedimentary rocks. The covered
rocks are assumed to belong to the same geologic ter-
rane as that which contains the exposed mineralized
rocks at the Pecos and Jones mines. The area of prob-
able potential includes about 3 sq mi within the wilder-
ness. The Precambrian of this area shows geochemical
evidence for copper, zinc, and silver occurrences, and
contains several prospect pits and adits where sparse
metalliferous minerals are exposed. However, the area
does not contain rocks characteristic of a volcanic
center, and the likelihood of the occurrence of a major
deposit is small.

The geochemical data show evidence of scattered
minor sulfide mineralization in the southeastern part of
the wilderness, in areas underlain by metamorphosed
volcanic and related sedimentary rocks. The scattered
mineralization suggested by the geochemical data is
regarded as “smoke” widely peripheral to some
unrecognized main volcanic center.

Traces of zinc, antimony, and other elements were
found by the geochemical survey along the Jicarilla
fault, northeast of Truchas Peak where the fault is
bordered on both sides by quartzite and minor schist.
The zinc and antimony are accompanied by minor
amounts of beryllium, and niobium, and perhaps by
uranium, inferred from moderate amounts of radon
detected in three springs. Two of the springs occur
within the site of the zinc and antimony occurrence; the
other is about 4 mi to the south along the fault.
Minerals containing these elements may have precipi-
tated from hot ground water that circulated through
broken rock along the fault. No potential can be defined
from the available data.

Pegmatite dikes are abundant in and near the Pecos
Wilderness, but they are not considered to constitute a
mineral resource. Pegmatites of the Pidlite mine, to the
east of the wilderness, have yielded some lithium-
bearing mica. Similar bodies are not known to occur
within the wilderness. Pegmatites at the Elk Mountain
mine and in the Aspen Ranch and Cordova areas have
been explored principally for mica, and locally for minor
beryl. The Elk Mountain and nearby properties yielded
several hundred tons of mica through 1955. No signifi-
cant production is reported elsewhere in or near the
wilderness.

Data from the geochemical survey indicate that the
upper Paleozoic sedimentary cover rocks contain rather
high abundances of zinc, copper, and molybdenum, but
they show no evidence for the occurrence of resources of
these metals.

SUGGESTIONS FOR FURTHER STUDY

Although the setting and geochemical characteristics
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of volcanogenic massive sulfide deposits are well known
and have served us well in this study, the occurrence of
sulfide deposits of similar composition in more distal
volcanic and sedimentary settings is poorly understood.
Accumulating knowledge on the subject should be ap-
plied by continuing studies of Precambrian rocks in the
area.

Further study of the occurrence of zinc and antimony
along part of the Jicarilla fault may help to delineate
vein deposits of uncommon but possibly significant
type.

Pennsylvanian sedimentary rocks of a large area,
probably far greater than the area of their exposure in
the Pecos Wilderness, deserve study for possible occur-
rence of metals.
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SAN PEDRO PARKS WILDERNESS, NEW MEXICO

By ELMER S. SANTOS,! U.S. GEOLOGICAL SURVEY, and

ROBERT C. WEISNER, U.S. BUREAU OF MINES

SUMMARY

The results of a mineral survey made from 1970 to 1972 indicate that there is
little promise for the occurrence of mineral deposits, fossil fuel, or geothermal
energy in the San Pedro Parks Wilderness.

CHARACTER AND SETTING

The San Pedro Parks Wilderness occupies 62.7 sq mi
of the Santa Fe National Forest in north-central New
Mexico; it was studied by the USGS and USBM and the
results are published in a report by Santos and others
(1975). The San Pedro Parks Wilderness is located at
the north end of the granite-cored San Pedro Mountain-
Sierra Nacimiento range which is flanked by sedimen-
tary rocks of Paleozoic to Tertiary age. The range is
bounded on its west side by the Nacimiento fault; other
north- and east-trending faults juxtapose granite and
sedimentary rocks in the northern, southern, and south-
eastern parts of the wilderness.

Elevations range from 8400 to 10,600 ft in the wilder-
ness, which is easily reached from the villages of Cuba,
Regina, and Gallina along New Mexico Highways 44,
96, and 126. Approaches to the wilderness boundaries
are provided by numerous USFS roads; many hiking
trails maintained by the USFS provide access to most
of the wilderness.

A large, relatively flat, upland area at the summit of
San Pedro Mountain drops off steeply to the north and
west and less steeply to the south and east. The thick
forest cover is interrupted locally by open grassy
meadows or parks for which the wilderness is named.

Rocks exposed throughout 75 percent of the wilder-
ness consist of hard and resistant red granite with
minor amounts of gneiss, all of which are Precambrian
in age. Sedimentary rocks overlying the granite along
the north and east side of the range consist of inter-
bedded limestone, shale, and sandstone about 800 ft
thick. Along the south and southeast sides of the wilder-
ness, the rocks resting on granite are younger than

'With contributions by Robert B. Hall, USGS.

those on the north side and consist of about 500 ft of
interbedded red mudstone and siltstone with minor
beds of gray sandstone. Along the east side of the
wilderness area Miocene strata lap across the older
sedimentary rocks and onto the granite.

MINERAL RESOURCES

There is no recorded mineral production from within
the San Pedro Parks Wilderness. Several copper
mines, many copper prospects, and a few uranium
prospects occur in sedimentary units in the vicinity of
the wilderness. These units, where they extend into the
wilderness, constitute only a small volume of rock and,
judging from analyses of samples and from field obser-
vations, are devoid of copper and uranium concentra-
tions. Prospects on several of about 65 mining claims
within the wilderness revealed concentrations of man-
ganese or barite but only in volumes too small<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>