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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct
mineral surveys on certain areas to determine the mineral values, if any, that may be
present. Results must be made available to the public and be submitted to the President
and the Congress. This report presents the results of a mineral survey of part of the
Bristol/Granite Mountains Wilderness Study Area (CDCA-256), California Desert
Conservation Area, San Bernardino County, California.
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SUMMARY
Abstract

At the request of the Bureau of Land
Management, 45,000 acres of the Bristol/Granite

Wilderness Study Area (CDCA-256) were studied by
the U. S. Geological Survey and the U. S. Bureau of
Mines. In this report, the area studied is referred to as
"the wilderness study area”, or simply "the study area".

The wilderness study area is located 25 mi
southeast of Baker, California. Two iron deposits total
about 110,000 tons at 47 percent iron but are not large
enough to constitute resources. The potential for
undiscovered iron resources is low., There is low
resource potential for undiscovered tungsten, silver,
gold, lead, zinc, limestone marble, perlite, and oil and
gas. Sand and gravel resources are present but more
accessible supplies are abundantly available outside of
the study area.

Character and Setting

The Bristol/Granite Wilderness Study Area
(CDCA-256) lies in the Mojave Desert, near Baker,
Calif. The study area occupies approximately 45,000
acres and includes the rugged Granite Mountains and
flanking lowlands on the north and west sides of the
range (fig. 1). The Granite Mountains are composed of
Mesozoic (63 to 240 million years before present (Ma);
see Geologic Time Chart, appendix), plutonie, and
metaplutonic rocks, with small pendants of calcareous

Paleozoic (240 to 570 Ma) strata (fig. 2). Tertiary (2
to 63 Ma) igneous dikes, volcanic rocks, coarse
sedimentary debris, and Quaternary (2 Ma to present)
alluvium are present in the study area around the
flanks of the range. There are no active mines in the
study area.

Mineral Resource Potential

Skarns (formed where calcium-rich rocks have
been metamorphosed) are favorable hosts for iron and
tungsten deposits.  Small deposits of magnetite-
hematite contain about 110,000 tons of ore averaging
47 percent iron at the Iron Victory prospect and 10
tons at 43 percent iron at the Comanche mine (fig.
2). Neither deposit is considered large enough to
constitute a resource. The potential for undiscovered
iron resources in the study area is low. Stream-
sediment samples contain tungsten, molybdenum, and
the mineral scheelite (indicative of tungsten mineral
occurrences in skarn rocks). The study area has a low
potential for undiscovered tungsten resources.

An occurrence of silver at the Silver Lode mine
adjacent to the wilderness study area is associated
with sulfides and hydrothermally altered granite along
fracture zones within a Cretaceous (about 75 Ma)
pluton. Altered granite of the same pluton exposed
within the study area adjacent to the Silver Lode mine
has low potential for undiscovered hydrothermal silver
and associated lead, zine, and gold resources.

The study area has low mineéral potential for
undiscovered epithermal gold, limestone marble,
perlite, and oil and gas resources. Sand and gravel are
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Figure 1. Index map showing the location of the Bristol/Granite Mountains Wilderness Study Area, San Bernardino County, California.

present, but more accessible supplies are abundantly
available outside the study area.

INTRODUCTION

This mineral resource study is a joint effort of
the U.S. Geological Survey and the U.S. Bureau of
Mines. The history and philosophy of such joint
mineral surveys of U.S. Bureau of Land Management
Wilderness Study Areas were discussed by Beikman and
others (1983). Mineral assessment methodology and
terminology were discussed by Goudarzi (1984). See
the appendix for the definition of levels of mineral
resource potential and certainty of assessment.
Studies by the U.S. Geological Survey are designed to
provide a reasonable scientific basis for assessing the
potential for undiscovered mineral resources by
determining geologic units and structures, possible
environments of mineral deposition, presence of
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geochemical and geophysical anomalies, and applicable
ore-deposit models. The U.S. Bureau of Mines
evaluates identified resources at individual mines and
known mineralized areas by collecting data on current
and past mining activities and through field
examination of mines, prospects, claims, and
mineralized areas. Identified resources are classified
according to the system described by U.S. Bureau of
Mines and U.S. Geological Survey (1980).

Location and Physiography

The Bristol/Granite Mountains Wilderness Study
Area (CDCA-256) is located in the Mojave Desert of
southeastern California, about 10 mi south of Kelso
and 25 mi southeast of the town of Baker (fig. 1). The
Union Pacific railway passes 7 mi north of the study
area, and Interstate Highway 40 passes 3 mi to the
south. Access to the study area is provided by dirt
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Figure 3. Map of the Bristol/Granite Mountains Wildemess Study Area showing mines and prospects, geochemical sample sites, quartz veins,

and areas of altered rocks. Numbers refer to mines and prospects:

1, unknown; 2, Comanche mine; 3, unknown; 4, Golden Legend Nos.

1and 2; 5, unknown; 6, Silver Lode mine; 7,unknown; 8, Iron Victory. Letters refer to anomalous elements: Ag, silver; Ba, barium; Bi, bismuth;
Cd, cadmium; Cu, copper; La, lanthanum; Mo, molybdenum; Pb, lead; Sn, tin; W, tungsten, Zn, zinc.

(Raines, 1983). The discoloration can result from
weathering of sulfide minerals or from other processes
unrelated to alteration. Field reconnaissance
determined that several discolored areas were not
altered, but confirmed that skarn is present in lower
Bighorn Basin, propylitically altered rocks occur along
the Bull Canyon fault, and pegmatite occurs near the
crest of the Granite Mountains (fig. 3).

Geochemistry

Reconnaissance geochemical sampling of stream
sediments was conducted in the study area in 1984 for
a geochemical survey. Twenty-eight samples were
collected from drainages near range fronts that drain
areas ranging from less than one to several square
miles (see fig. 3). Samples were analyzed for 30
elements by a six-step semiquantitative emission

spectrographic method (Grimes and Marranzino, 1968);
analytical results are given in Detra and Kilburn
(1985). Nonmagnetic heavy-mineral concentrates of
stream sediments were particularly useful for
assessing mineralization because they concentrate ore~
forming sulfide and oxide minerals. Further
geochemical data comes from analyses of altered
rocks sampled from inactive mine workings (Detra and
Kilburn, 1985; table 1) and limonitic areas (G. Raines,
unpub. data).

Tungsten anomalies are present in Bull Canyon
and in stream courses that drain the ridge between
Bighorn and Cottonwood basins (fig. 3). This ridge is
capped by a large pendant of calcareous
metasedimentary rocks. The tungsten is probably
derived from skarn deposits associated with such
pendants. Samples collected from stream channels
that provide drainage of the east and west flanks of
the ridge revealed abundant scheelite and cale-silicate
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minerals (relatively rare manganoan diopside being a
minor component). Anomalous molybdenum, a
common constituent of tungsten-bearing skarns,
locally occurs coincident with tungsten anomalies.

A sample of altered rock collected from Bighorn
Basin for the remote-sensing survey contained
anomalous concentrations of silver, gold, bismuth,
cadmium, copper, mercury, and zinc. Gouge from a
shear zone in an adit at or near prospect No. 3 (fig. 3)
contained anomalous concentrations of copper, lead,
tin, and zine. The presence of pyrite in this sample
may explain iron oxide stains found within the shear
zone. Five miles east of Bighorn Basin, in the area of
the Bull Canyon fault, propylitically altered rocks
contained anomalous concentrations of arsenic,
cadmium, copper, molybdenum, and antimony. These
elements are sometimes associated with epithermal
deposits of gold.

Evidence of hydrothermal activity also exists on
the south side of Cottonwood basin at or near the site
of the Silver Lode mine (fig. 3, No. 6), where quartz
veins with disseminated pyrite and minor veinlets of
galena are evident. A geochemical sample composited
from mine tailings contained anomalous concentrations
of silver, barium, bismuth, cadmium, copper, lead, and
zinc. This trace~-element signature correlates with the
sulfide assemblage of galena, chalcopyrite, sphalerite,
and pyrite identified in the concentrate. Laser-
microprobe studies confirmed the presence of silver
and bismuth in galena, and cadmium and copper were
found to be integrants of sphalerite. Bornite and
covellite were also reported at this locale by Gamble
(1959b). Pegmatite samples collected about 4 mi east
of the mine for the remote-sensing study contained a
similar assemblage of elements.

Barium and lanthanum anomalies occur together
in stream-sediment samples collected from Willow
Spring basin near the southern edge of the wilderness
study area (fig. 3). Barite was identified optically.
Since most barite deposits in the region occur in veins
and small stringers (Wright and others, 1953), it seems
likely that the barium present in the concentrates in
the study area has a similar origin. Geologic or
geochemical evidence to indicate that the barite
(barium) is associated with mineralized systems of
economic interest has not been found. The rare-earth
phosphate monazite, a common accessory mineral in
granitic rocks, was identified in the optical study and
probably is the source of the anomalous lanthanum.

Geophysical Studies

Aeromagnetic data for the study area were
extracted from a regional survey of the Needles 1° x
2° quadrangle (U.S. Geological Survey, 1981), for
which  east-west flight lines were spaced
approximately 0.5 mi apart and flown at a nominal
elevation of 1,000 ft above the ground surface. The
data obtained over the study area were reduced to the
pole (Baranov and Naudy, 1964) to remove
asymmetries in the magnetic anomalies and better
define rock bodies with which the anomalies are
associated. Some anomalies in the study area can be
attributed to inconstant flight altitude above the
rugged terrain.

C8

Magnetic anomalies within the study area range
from highs of about 300 gammas to lows of
approximately -200 gammas. These anomalies are
modest in amplitude by comparison with those
occurring in adjacent mountain ranges. Two
occurrences of magnetite noted by the U.S. Bureau of
Mines, one a 20 ft by 30 ft pod at the Comanche mine
and the other located in a skarn at the Iron Victory
prospect, do not coincide with aeromagnetic
anomalies, although the latter occurrence does lie near
the southeast end of a moderate high over Triassic(?)
gneissic rocks that are themselves moderately
magnetic. Therefore, the magnetite bodies must be
small; the aeromagnetic pattern does not suggest the
presence of a large unseen subsurface accumulation.

A magnetic high over the mouth of Cottonwood
basin in the eastern part of the study area is probably
caused by Jurassic or Cretaceous igneous rocks
exposed in the area. A series of magnetic lows located
in the northern and northwestern parts of the study
area lie over or are adjacent to the low-angle Bull
Canyon fault. These low-intensity anomalies probably
reflect topographic effects and natural variations in
magnetite content of mostly unaltered plutonic rocks,
although loss of magnetite in altered rocks may in part
account for the lows. Changes in the patterns of
magnetic anomalies across Budweiser Wash indicate
that the northwest-trending Bristol Mountains fault
zone is a major fault zone. Negative magnetic
anomalies occurring along the trend of the fault zone,
especially to the south of the Granite Mountains, could
be caused by alteration; however, no evidence of
mineralization was seen in adjacent parts of the study
area that would account for it.

The regional isostatic gravity field appears in
Roberts and others (1981). New gravity data collected
in and near the study area by the U.S. Geological
Survey in 1983 and 1984 were combined with existing
data in order to prepare an isostatic residual-gravity
map. The coverage is adequate for defining major
structural boundaries and distinguishing geologic units
of regional extent, provided that density contrasts
exist.

Isostatic residual-gravity values range from a
high of -10 mGal in the northern part of the study area
over exposures of Jurassic gneiss to a low of -26 mGal
in the south over Cretaceous granite. This relation is
consistent with the distribution of gravity highs and
lows over Jurassic and Cretaceous rocks in many of
the neighboring ranges (for example, Miller and others,
1985). A linear, northwest-striking gradient along the
southwest side of the study area indicates that the
Bristol Mountain fault zone juxtaposes unlike rocks
with less dense rocks on the southwest side. Gravity
values over alluviated areas at the northwest and
northeast edges of the wilderness study area suggest
that sedimentary fills are less than 1,000 ft thick.

An aerial gamma-ray survey (Geodata
International, Inc., 1979) detected uranium levels
above the normal background level over parts of the
Granite Mountains. However, the anomalies correlate
closely with flight altitude above terrain and not
closely with geologic units. Flight altitude often
greatly exceeded nominal during the aerial traverses
of this rugged area, so terrain corrections and
resulting anomalies may be unreliable. The gamma-



ray-survey data are not considered to indicate the
presence of significant uranium or thorium
concentrations in the wilderness study area.

Mineral and Energy Resources

Geologic, geochemical, and geophysical data
indicate that the Bristol/Granite Mountains Wilderness
Study Area has low resource potential for tungsten,
silver, gold, lead, zine, limestone marble, perlite, and
oil and gas. See the appendix for definition of mineral
resource potential and certainty of assessment
(Goudarzi, 1984). Figure 2 outlines areas of low
potential for mineral resources for which there are
indications that mineralization processes occurred.

Skarn Iron and Tungsten

Skarns, formed by contact metasomatism of
calcareous strata, are favorable hosts for iron and
tungsten deposits. Iron deposits at the Iron Vietory
and Comanche mines are probably similar in origin to
other iron deposits in the eastern Mojave Desert,
including the much larger Vulcan mine iron deposit
located 8 mi northeast of the study area (Miller and
others, 1985). Most such deposits occur at intrusive
contacts of Jurassic plutons with carbonate rocks.
Based on the lack of sharp aeromagnetic highs and the
limited extent of carbonate rocks, no large iron
deposits are thought to exist in the study area. Small
undiscovered bodies of iron would not constitute
resources now or in the foreseeable future. The
mineral resource potential for iron is therefore
considered to be low in areas where skarns are present,
with a C certainty level.

Based on the presence of the tungsten-bearing
mineral scheelite and anomalous concentrations of
tungsten and molybdenum in stream sediments
downstream from skarns, tungsten appears to be
associated with skarns in the area. There has been no
known exploration for tungsten in the study area. No
tungsten minerals were seen in outcrop. The resource
potential for tungsten in the skarns of the study area
and downstream placers is considered to be low, with a
C certainty level. Studies of the tungsten minerals in
outcrop could improve the certainty of this
assessment.

Hydrothermal Silver

The altered fracture zones (fig. 3) in and near
the zoned Cretaceous pluton occupying the
southeastern part of the study area (fig. 2) provide
evidence of hydrothermal or deuteric fluids that may
represent a mineralizing system. This alteration
probably closely followed the emplacement of the
pluton at several miles depth, and was formed at a
moderate to low temperature, as indicated by the
presence of quartz and quartz-muscovite veins,
chloritized granite, and sulfides of copper, zinc, lead,
and iron at the Silver Lode mine. In the area of the
Comanche mine, the presence of iron-staining and
copper- and iron-sulfide minerals in fracture zones

north of the pluton may be related to the same
alteration event. Geochemically anomalous silver,
barium, bismuth, cadmium, zinc, lead, and gold, and
the presence of sulfides at the Silver Lode mine (just
outside the study area) indicate that similar small
occurrences of silver and associated zine, lead, and
gold may be present along adjacent zones of fractured
and altered granite in the study area. Any such
occurrences may be low-grade and even smaller than
the occurrence at the Silver Lode mine. The mineral
resource potential for hydrothermal silver and
associated lead, zinc, and gold in two areas within the
wilderness study area is considered to be low, witha C
certainty level.

Epithermal Gold in Fault Breccias

Extensive iron-stained breccia along the Bull
Canyon low-angle normal fault on the northwest flank
of the Granite Mountains provides a potential
environment for epithermal or low-grade hot-spring-
type gold deposits. The presence of limonite
boxworks, iron-staining, jasper, and quartz veinlets
suggests that alteration produced silica deposits and
sulfide minerals; reconnaissance geochemical sampling
shows anomalous concentrations of arsenic, cadmium,
copper, molybdenum, and antimony. There is no direct
evidence of gold or other mineral resources.
Accordingly, the mineral resource potential for
epithermal gold in the breccia is considered to be low,
with a C certainty level. A thorough geochemical
survey of the breccia would improve the certainty of
assessment.

The fault zone north of Cottonwood basin on the
east side of the study area also contains iron-stained
vein quartz, and it has been prospected. No evidence
of significant mineral deposits was observed, and this
area therefore has a low resource potential for
epithermal gold, with a C certainty level.

Two other areas have some indicators of a
geologic environment possibly suitable for gold
mineralization. However, after examination of these
areas, described below, it was concluded that gold is
less likely to occur in these areas than in the two areas
described above. At the southwest boundary of the
study area, the Bristol Mountains fault zone is present
beneath alluvium. Iron-stained vein quartz occurring
along the fault zone indicates the possibility of
epithermal mineralization. It is unlikely that gold
resources exist along the fault zone because the fault
zone is narrow and lacks known mineral deposits where
it is exposed close to the study area, and because no
important deposits are known to exist where the fault
zone is extensively exposed 10 mi to the northwest in
the Bristol Mountains. Accordingly, the mineral
resource potential for gold in these areas is low, with a
C certainty level.

0Oil and Gas

There is no potential for oil and gas within the
crystalline rocks of the Granite Mountains. Cenozoic
basin sediments north and northwest of the Granite
Mountains provide a possible environment for oil and
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gas if the sediments are thick enough, but gravity data
suggest that these sediments are less than 1,000 ft
thick. Oil and gas resources are unlikely to be present
unless the sediments are much thicker. The potential
for oil and gas resources in areas underlain by
Cenozoic materials is low, with a D certainty level.

Limestone

Limestone marble, if highly calcareous, can
constitute a resource. At the Comanche mine and the
Iron Victory prospect, marble is magnesian according
to analyses by the U. S. Bureau of Mines; much of the
marble elsewhere in the study area is siliceous. Highly
calcareous marble may occur locally along the east
border of the study area southeast of the Comanche
mine, where several acres of white calcareous marble,
probably correlative with the unmetamorphosed Monte
Cristo Limestone, are present a few hundred feet
outside the east border (NW section 36, T.9N.,
R.12E.). Metamorphosed Monte Cristo Limestone is
mined elsewhere in the Mojave Desert. However, the
Monte Cristo Limestone was not recognized within the
study area, and so the mineral resource potential for
limestone marble within a small area in the eastern
part of the study area is low with a C certainty level.

Perlite

Perlite is present in Tertiary volcanic rocks in
the Old Dad Mountains adjacent to the southwest
corner of the study area. The Tertiary volcanic rocks
are undoubtedly present in small areas beneath
alluvium in the study area southwest of the Bristol
Mountains fault zone (fig. 2). Perlite was not observed
within the wilderness study area, but could be present
under a veneer of alluvium southwest of the Bristol
Mountains fault zone; therefore, the potential for
perlite resources is low with a C certainty level.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

Definitions of Mineral Resource Potential

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

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

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

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

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

Levels of Certainty

U/A H/B H/C H/D
f HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL
)
g M/B m/C M/D
z
i MODERATE POTENTIAL | MODERATE POTENTIAL | MODERATE POTENTIAL
o
o UNKNOWN
wi
Q POTENTIAL | L/B L/C L/D
3
g LOW POTENTIAL
w
3 Low Low
S POTENTIAL POTENTIAL N/D
)
w
> NO POTENTIAL
w
-

A B C D
LEVEL OF CERTAINTY =3

SRR

Abstracted with minor modifications from:

Available information 1s not adequate for determination of the level of mineral resource potential.
Available information suggests the level of mineral resource potential.
Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

Taylor, R. B., and Steven, T. A., 1983, Definition of mineral resource potential: Economic Geology,
v. 78, no. 6, p. 1268-1270.
Taylor, R. B., Stoneman, R. J., and Marsh, S. P., 1984, An assessment of the mineral resource potential
of the San Isabel National Forest, south-central Colorado: U.S. Geological Survey Bulletin 1638, p.

40-42.

Goudarzi, G. H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S.
Geological Survey Open-File Report 840787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION

IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Inferred Probability Range
Measured Indicated Hypothetical Speculative
|
ECONOMIC Reslerves anferred !
_____ R N N -
MARGINALLY i Inferred
ECONOMIC Aneasrlfrvils et |
e I --
SUB- Demonstratgd Inferred .
ECONOMIC SRosources” Sosources |
1 l

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from U.S. Bureau of Mines
and U.S. Geological Survey, 1980, Principles of a resourceireserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.
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GEOLOGIC TIME CHART
Terms and boundary ages used by the U.S. Geological Survey in this report

AGE ESTIMATES

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

2Informal time term without specific rank.

EON ERA PERIOD EPOCH OF BOUNDARIES
(in Ma)
Holocene
Quaternary 0.010
Pleistocene
1.7
Neogene Pliocene 5
Cenozoic Subperiod Miocene
24
Tertiary Oligocene
38
Paleogene Eocene
Subperiod 55
Paleocene
T 66
ate
Cretaceous Early 96
Late 138
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Early
Phanerozoic Late ~240
Permian Early
290
Late
. Pennsylvanian Middle
Carboniferous Early
Paleozoic Periods i i Late ~330
Mississippian Early
360
Late
Devonian Middle
Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
- ~570
Late Proterozoic
900
Proterozoic Middle Proterozoic
- 1600
Early Proterozoic
2500
Late Archean
Archean Middle Archean 3000
3400
Early Archean
pre-Archean? (38007)
4550
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