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STUDIES RELATED TO WILDERNESS

Bureau of Land Management Wilderness Study Area

The Federal Land Policy and Management Act (Public Law 94-579, October 21, 1976)
requires the U.S. Geological Survey and 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 Sacatar Meadows (CA-010-027) Wilderness Study Area,
Tulare and Inyo Counties, California.
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SUMMARY

Abstract

At the request of the U.S. Bureau of Land Management, ap-
proximately 11,447 acres of the Sacatar Meadows Wilderness
Study Area (CA-010-027) were evaluated for mineral resources
(known) and mineral resource potential (undiscovered). In this
report, the area studied is referred to as the “wilderness study
area” or simply “the study area”; any reference to the Sacatar
Meadows Wilderness Study Area refers only to that part of the
wilderness study area for which a mineral survey was requested
by the U.S. Bureau of Land Management. Field work was
conducted in 1984 through 1987 to assess the mineral resources
(known) and resource potential (undiscovered) of the area. No
mineral resources were identified.

There are five areas of low mineral resource potential in and
near the Sacatar Meadows Wilderness Study Area. The ridge
northwest of Big Pine Meadow, outside the study area, has low
mineral resource potential for tungsten and molybdenum possi-
bly in skarn. The hillside southeast of Scodie Meadow has low
mineral resource potential for tungsten and molybdenum possi-
bly in skarn. The valley east of Long Canyon, the small drainage
northeast of Sacatar Meadow, and the area southeast of Big Pine
Meadow have low mineral resource potential for tungsten
possibly in skarn within granitoid rocks. The area has no
geothermal energy, energy mineral, or oil and gas resource
potential.

Character and Setting

The Sacatar Meadows Wilderness Study Area is approxi-
mately 11,447 acres in size and is 5 mi southwest of Coso
Junction, Calif. (fig. 1). The terrane is generally steep and

rugged, with elevations ranging from about 6,200 ft at Chim-
ney Meadow to about 8,800 ft at unnamed points along the
crestof the SierraNevada in the northern part of the study area.
Access into the study area is by private roads from the
Ninemile Canyon Road (County Road J41) off U.S. Highway
395.

Most of the area is underlain by plutonic rocks of the Sierra
Nevada batholith. The oldest rocks in the area are Jurassic or
older (see appendix for Geologic Time Chart) metamor-
phosed sedimentary rocks composed of quartz-mica schist
and quartzite. These are intruded by the oldestintrusive rocks
in the study area, which are Triassic and (or) Jurassic gabbros
and diorites. A younger set of more mafic granitic rocks of
Jurassic age that are granodioritic to tonalitic in composition
dominate the study area. The youngest rocks in the study area
are leucocratic, nonfoliated Cretaceous granites, alaskites,
aplites, and pegmatites.

Identified Mineral Resources

There are no identified mineral resources in the Sacatar
Meadows Wilderness Study Area. In 1984, U.S. Bureau of
Mines personnel conducted a mineral appraisal of the study
area. During this study, no mines or prospects were found and
no mining claims or leases were current in or near the study
area.

Mineral Resource Potential

Within and near the study area, five areas have low
mineral resource potential (fig. 2) on the basis of analytical
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Figure 1. Index map showing location of the Sacatar Meadows Wilderness Study Area, Tulare and Inyo Counties, California.
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Granitic Rocks

The oldest of three suites of plutonic rocks in the study
areaconsists of two rock units of Triassic and (or) Jurassic age
that commonly are schistose to gneissic. The Summit Gabbro
of Miller and Webb (1940) is dark gray to black, coarse
grained, and characterized by euhedral phenocrysts of horn-
blende; exposures rarely exceed 0.7 mi? in area. The Sacatar
Quartz Diorite of Miller and Webb (1940) is a medium-dark-
gray, medium-grained, foliated rock exposed over most of the
study area. Its composition is granodioritic, particularly east
of the Sierra Nevada crest near the base of the range front;
elsewhere it is quartz dioritic. Locally, the Sacatar Quartz
Diorite is porphyritic. In places it is rich in mafic inclusions
in varying degrees of assimilation possibly formed by min-
gling of small amounts of high-alumina basalt magma with
quartz diorite magma early in its crystallization (Frost and
Mahood, 1987).

The younger of the three suites of plutonic rocks consists
of Cretaceous granite, alaskite, aplite, and pegmatite. In
general, these rocks are more leucocratic than the older ones
and are nonfoliated. Numerous small pods of medium- to
coarse-grained alaskite and associated alkali-feldspar granite,
aplite, and pegmatite bodies crop out along the crest of the
Sierra Nevada in and near the study area and extend east into
the adjacent Little Lake Canyon Wildemess Study Area.

Quaternary Surficial Deposits

Quaternary surficial deposits include Holocene poorly
sorted gravel, sand, and silt in stream-channel and flood-plain
deposits. Older Quaternary stream-channel deposits form
terraces that are dissected by streams.,

Structure

The metamorphic rocks in and near Big Pine Meadow
have a strong foliation that trends generally northwest. These
rocks underwent at least two periods of uplift associated with
major intrusive events (Nokleberg and Kistler, 1980).

En echelon faults trend west-northwest across the range
and control the formation of the major canyons east of the
study area. These faults are best exposed as shear zones in
Sacatar and Little Lake Canyons. They are cut at the eastern
margin of the range by faults along the Sierra Nevada range
frontal fault zone along which the range was uplifted. A fault
trending north-south through Scodie Meadow is probably part
of the range-front fault system.

Geochemistry
Methods

In the spring of 1985, the U.S. Geological Survey col-
lected three samples of rock (two of which are stream

cobbles), 21 samples of minus-80-mesh stream sediment, and
20 samples of heavy-mineral concentrate from 22 sites in the
Sacatar Meadows Wilderness Study Area. With theexception
of one rock sample collected from outcrop, these samples
represent eroded bedrock material from drainage basins that
collectively constitute most of the surface of the study area.
The minus-80-mesh stream-sediment reflects bedrock geo-
chemistry and usually indicates the presence of mineralized
areas in the drainage basin. The nonmagnetic fraction of
panned concentrates is used because this medium concen-
trates many minerals associated with mineralized and altered
rocks. Only samples of rocks thought to be mineralized or
altered were collected for analysis from this study area.

In reconnaissance geochemical resource assessment pro-
grams, the semiquantitative spectrographic method is used for
the initial studies. This method allows for both the rapid and
economical analysis of large numbers of samples, but with
many commodity elements detected at only fairly high lower
limits of determination. To overcome the effects of this
limitation, other elements associated with mineral occur-
rences, pathfinders, are studied. When anomalous concentra-
tions of pathfinder elements are determined, selected samples
are resubmitted for analysis by more sensitive techniques.

All samples were analysed for 31 elements, including
antimony, barium, cadmium, cobalt, chromium, copper, gold,
iron, lead, magnesium, manganese, molybdenum, nickel,
silver, thorium, tin, titanium, tungsten, vanadium, and zinc,
using a six-step semiquantitative emission spectrographic
method described by Grimes and Marranzino (1968). In
addition, the nonmagnetic panned concentrates were
analyzed for tungsten by spectrophotometry (Welsch, 1983);
the minus-80-mesh stream sediments and the three rock
samples were analyzed for uranium and thorium by aneutron-
activation method described by Millard and Keaten (1981).
The rocks were analysed by ICP spectroscopy for five
elements with limits of determinations as follows: arsenic, 5
ppm; antimony, 2 ppm; zinc, 2 ppm; bismuth, 2 ppm, and
cadmium, 0.1 ppm. Methods used were those described by
Crock and others (1983) and a modification of those described
by O’Leary and Viets (1986). Two of the rock samples were
analyzed by atomic absorption for gold at a determination
limit of 0.1 ppm and mercury at a determination limit of 0.02
ppm by a modification of the methods described by
Thompson and others (1968) and by methods described by
Koirtyohann and Khalil (1976) respectively. Adrian and
others (1987) presented tables of analytical data, descriptions
of sample-collection, preparation, and analytical methods,
and a map showing locations of sample-collection sites.

Results and Interpretations

Because of the small data set and the nonlognormal distri-
bution of some of the data, the geochemical threshold values
for rocks and minus-80-mesh stream sediments were calcu-
lated at two to three times the average concentrations for
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Sierra Nevada plutonic rocks (Dodge, 1972) or for granodior-
ites worldwide (Levinson, 1980; Rose and others, 1979).
Threshold values (in parentheses) for the nonmagnetic con-
centrates are based on numerous studies of concentrates. For
nonmagnetic panned concentrates, nine samples contained
anomalous concentrations of tungsten (10 ppm or greater), six
contained anomalous concentrations of molybdenum (de-
tected at slightly below the determination limit of 10 ppm),
and six contained anomalous concentrations of thorium (500
ppm). For rocks and minus-80-mesh stream sediment, one
sample contained an anomalous concentration of molybde-
num (detected at slightly below the determination limit of 10
ppm), seven contained anomalous concentrations of thorium
(30 ppm), 11 contained anomalous concentrations of uranium
(8 ppm), one contained an anomalous concentration of barium
(2,000 ppm), and three contained anomalous concentrations
of copper (70 ppm).

Geochemical interpretations presented in this paper are
based in part on the above anomalous-threshold values and on
geochemical data from the Little Lake Canyon Wilderness
Study Area (Detra and others, 1985). Anomalous concentra-
tions of indicator elements in samples from the Sacatar
Meadows Wilderness Study Area are generally low in con-
trast to nearby study areas. Anomalies are also isolated rather
than found in clusters or being widespread throughout the
study area.

Most if not all of the mineral-deposit types (listed in
Geology section, above) may be locally presentin the Sacatar
Meadows Wilderness Study Area. Under current market con-
ditions, it is unlikely that deposits, if they exist in the study
area, would be economic due to their likely small size.
Pegmatites cannot be detected geochemically, but a few
pieces of coarse-grained potassium feldspar, probably de-
rived from pegmatites, were seen in a few of the drainages
along Long Canyon and at a site west of Bales vertical-angle
bench mark (VABM) (fig. 2), in the southeast corner of the
study area. Although no marble or calcsilicate rocks were
observed at the sample-collection sites, tungsten values in
concentrates ranging from 5 to 650 ppm were obtained from
10 of the 20 samples. These anomalies are probably due to the
presence of small, unmapped skarn occurrences upstream
from the sample-collection sites. Silicic metasedimentary
rocks, like those known to be associated with skarn outside the
study area were observed in drainages above two of the
sample-collection sites. Except fora few molybdenum values
of 10 ppm or slightly less, these are single-element anomalies.
The skarn mineral occurrences in the nearby Owens Peak
Wilderness Study Areas contain anomalous concentrations of
wmngsten, molybdenum, bismuth, copper, and lead.

The strongest evidence of mineralization in the study area
comes from three panned-concentrate samples that have high
tungsten concentrations and contain a few scheelite grains
(found under shortwave ultraviolet radiation) and limonite
pseudomorphs after pyrite. These sample-collection sites are

located in: (1) a small drainage that flows into Long Canyon,
(2) a very small drainage flowing south to Sacatar Canyon,
and (3) a small south-flowing drainage located 0.5 mi south-
eastof Big Pine Meadow. These sites have tungsten values of
650, 45, and 250 ppm, respectively. These concentrations
cannotbe used alone to evaluate the importance of the individ-
ual sites because several variables can have an effect on the
number of scheelite grains in the analyzed fraction. These
variables consist of: (1) the choice of sample-collection site
within the drainage basin, (2) the efficiency of the panning and
sample preparation procedures, (3) the proximity of skarn
outcrops, (4) the acrial extent of the exposed skarn, (5) the
amount of scheelite present in the skarn, and (6) the homoge-
neity of the samples when split for analysis. Eight additional
samples contain 5 to 15 ppm tungsten. Two are associated
with detectable molybdenum (10 ppm) and one with limonite
pseudomorphs after pyrite. The latter three samples are from:
(1) a small drainage sampled from Scodie Meadow, (2) a very
small drainage northwest of Big Pine Meadow, and (3) the
small drainage west of Bales VABM. The latter site has 15
ppm tungsten and 10 ppm molybdenum as well as epidote and
chlorite grains in the concentrate and 3,000 ppm barium and
70 ppm copper in a granitoid cobble. About 3 mi east of this
site, samples collected from upper Deadfoot and upper
Fivemile Canyons in the Little Lake Canyon Wilderness
Study Area contain moderately anomalous concentrations of
tungsten, molybdenum, lead, and copper, probably due to
skarn mineralization, which may extend into the Sacatar
Meadows Wilderness Study Area. Several of the stream
sediments and nonmagnetic concentrates collected along the
east side of the divide separating the two study areas contain
higher concentrations of copper (100 ppm in sediments) and
molybdenum (100 ppm in concentrates) than samples col-
lected along the west side of the divide (this study area), in
which two contained 70 ppm copper and and two contained 10
ppm molybdenum.

All of the above described tungsten-molybdenum anoma-
lies could be accounted for if scatiered small pods of mineral-
ized skarn containing minerals of the scheelite-powellite
series were present in the study arca. No such pods were
observed, but their existence is indicated by observations of
silicic metasedimentary rocks in the study area similar to
those seen in outcrop with skarn outside the study area, and by
the geochemical results.

During a stream-sediment survey conducted by the U.S.
Department of Energy (Oak Ridge Gaseous Diffusion Plant,
1981a,b), 12 samples were collected near the study area. Nine
of those samples contain 1.76 to 5.88 ppm uranium, which
falls within two standard deviations of the mean of 3.46 ppm
for the Bakersfield quadrangle (Oak Ridge Gaseous Diffusion
Plant, 1981a). One sample containing 10.59 ppm uranium
was collected about 2 mi west of the study area and about 1 mi
northeast of Chimney Peak. Thorium values for the 12
samples range from 10 to 42 ppm; seven are above the average
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value of 10 ppm for intermediate igneous rocks (Oak Ridge
Gaseous Diffusion Plant, 1981a; Levinson, 1980). During the
U.S. Geological Survey study, 21 stream-sediment and three
rock samples were analyzed for uranium and thorium, and
scintillometer readings were taken at ground level in the
stream channels at most of the sample-collection sites. Tho-
rium concentrations in samples collected from 20 stream-
sediment sample-collection sites, including a granite stream
cobble collected southwest the Bales VABM site, ranged
from 14.6 to 80.9 ppm. At 15 of the 21 sites, uranium
concentrations ranged from 6.29 to 15.8 ppm. These uranium
and thorium concentrations are higher than those reported by
the Department of Energy (Oakridge Gaseous Diffusion
Plant, 1981a) and U.S. Bureau of Mines (Kuizon, 1985),
perhaps due to selection of sample-collection sites since the
sites for this study were selected where heavy minerals were
naturally concentrated. All of the samples were collected
from areas of granitic rock, have above-average thorium
concentrations (most have above-average uranium concentra-
tions for intermediate granitic rocks), and contain euhedral
crystals of metamict zircon and thorite in the heavy-mineral
concentrates, These facts suggest that the radioactive miner-
als are probably derived from widespread disseminations in
the plutonic rocks. If this is the case, the uranium-thorium
minerals will not be present in large amounts unless concen-
trated in placers. Five nonmagnetic concentrate samples have
thorium concentrations of 500 to 700 ppm and one has a value
of 1,500 ppm. These values are not unusually high for
concentrates from felsic intrusive rocks, on the basis of
comparison with values found in samples from several other
study areas in similar geologic settings, and do not suggest
concentrations sufficient to constitute placer deposits. Olson
and Overstreet (1964) concluded that the granitic rocks of the
Sierra Nevada batholith may contain above-average concen-
trations of thorium; Troxel (1957) discussed the disseminated
uranium-thorium minerals in pegmatite dikes and in quartz
diorite.

The scintillometer, set at its lowest range setting, pro-
duced readingsranging from two to23 counts per second. The
variation could be due to varying potassium content of the
sediment and nearby bedrock, topographic variations, or
variation in the degree of natural concentration of heavy
minerals at the sites. The highest uranium and thorium
concentrations from samples as well as the highest scintil-
lometer readings were obtained in the central two thirds of the
study area. Outcrops within a 2-miradius of a point 2 mi south
of the head of Sacatar Canyon appear to have contributed the
highest concentrations of radioactive minerals. Three rock
samples collected outside the 2-mi radius ranged from 0.43
ppm uranium in quartz veins to 2.95 ppm in granite.

In this study, low-detection-level gold analyses were not
run on the concentrates; however, neither megascopic nor
microscopic gold was observed. The three rocks that were
analyzed contain no detected gold or mercury.

Geophysics
Aeromagnetic Data

An aeromagnetic survey of the Sacatar Meadows South
Wilderness Study Area was flown in 1981 by a private
contractor (U.S. Geological Survey, 1982). The acromag-
netic data were collected along parallel east-west flightlines
spaced 0.5 mi apart and at an elevation of 9,000 ft. The
contractor then gridded the data set using a grid spacing of 650
ft and machine contoured the gridded data at a scale of
1:62,500.

Variations in the Earth’s magnetic ficld are generally
caused by variations in the amounts of magnetic minerals in
different rock units. Magnetite is the common magnetic
mineral in this area. Magnetic minerals, where locally con-
centrated or absent, may cause a high or low magnetic anom-
aly that can be a guide to mineral occurrences or deposits.
Boundaries between magnetic and relatively less magnetic
rock units are located approximately at the steepest gradient
on the flanks of the magnetic anomaly because at these
magnetic latitudes the inclination of the Earth’s magnetic field
is relatively steep (61° below the horizontal).

Comparison of the contoured acromagnetic map with the
geologic and topographic maps indicates that most of the
magnetic anomalies are caused by topographic relief in
magnetic terrane composed of Mesozoic plutonic rocks, in
particular the mesocratic to melanocratic ones. Relatively
magnetic intrusive rocks include the Sacatar Quartz Diorite
and the Summit Gabbro, whereas the other plutonic rocks and
the older metamorphic rocks tend to be weakly magnetic or
nonmagnetic. One area of Sacatar Quartz Diorite within the
study area is an exception and appears to be only weakly
magnetic because here the local hills do not produce magnetic
highs in the manner of the more typical Sacatar Quartz Diorite
elsewhere. This uniquely nonmagnetic area is located in the
westernmost part of the study area north of Big Pine Meadow
and west of the fault striking N. 5° W. along the east side of the
Big Pine Meadow. Perhaps some weak alteration has partly
destroyed the magnetite within this nonmagnetic area. The
faults in the study area tend to be associated with magretic
lows in those places where magnetic rocks are juxtaposed, but
this association is most probably an effect of the low topo-
graphic expression of the faults.

In general, the acromagnetic data do not appear to provide
any evidence for mineral resource potential in this area.

Gamma-ray Survey

Airbome gamma-ray spectrometer surveys were flown
within this study area (High Life Helicopters, Inc., and Geo-
data International, Inc., 1979; High Life Helicopters, Inc./
QEB, Inc., 1980a and 1980b). These helicopter surveys were
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flown on east-west flightlines spaced 3.1 mi apart at an
altitude of 400 ft above the ground. These data measure the
effective uranium, thorium, and potassium content of the
uppermost inch or so of soil or rock at the surface. Within the
study area no uranium anomalies were observed.

Remote Sensing

Hydrothermal alteration is often accompanied by the for-
mation of the minerals pyrite and (or) hematite, which, along
with other iron-rich minerals, are oxidized during weathering
in the near-surface environment to produce ferric oxide
(hematite), hydrated ferric oxide (goethite, lepidocrocite),
ferric sulfate (jarosite), or ferric carbonate (siderite) minerals
(Blanchard, 1968). These secondary iron-bearing minerals,
along with amorphous or poorly crystalline ferric oxide mate-
rial like ferrihydrite, are collectively referred to as the limonite
minerals and are recognized in the field by their red, yellow,
or brown colors.

The limonite mineral group has unique spectral reflec-
tance characteristics that can be detected on Landsat multi-
spectral scanner (MSS) images using a color-ratio compos-
iting technique described by Rowan and others (1974). This
compositing was used to look for areas of limonite in the study
area (D.H. Knepper, Jr., and F.A. Kruse, written commun.,
1986). Areas of hydrothermal alteration lacking the limonite
minerals cannot be found using this technique, and areas of
limonite not related to hydrothermal alteration cannot be
distinguished from those that are. The presence of limonite
minerals cannot be reliably mapped in areas with approxi-
mately 50 percent or greater vegetation density and in areas of
deep to moderate shadows.

The spectral response of Landsat MSS data of the study
area is dominated by vegetation. Consequently, the presence
of anomalous concentrations of limonite possibly associated
with hydrothermal alteration could not be evaluated (D.H.
Knepper, Jr., and F.A. Kruse, written commun., 1986).

Mineral Resource Potential

In and near the Sacatar Meadows Wilderness Study Area,
five arcas that have mineral resource potential were deline-
ated. The study area is situated in the Sierra Nevada physi-
ographic province, which contains the largest concentration
of tungsten deposits in the United States (Newberry, 1982).
The mineral-deposit model thatis most appropriate to apply in
this study area is the tungsten-skarn felsic-plutonic-rock
model (Einaudi and others, 1981; Cox, 1983; Cox and Singer,
1986). Tungsten skarn deposits form along contacts and in
roof pendants of batholiths and in thermal aureoles of apical
zones of stocks that intrude carbonate rocks. Of 28 tungsten-
skarn deposits, Cox (1986) notes a mean of 1.2 million tons
witha one-standard-deviation range of from 0.06 to 24 million

tons. He notes a mean grade of 0.67 percent tungsten trioxide
with a one-standard-deviation range of from 0.34 to 14
percent tungsten trioxide.

The ridge northwest of Big Pine Meadow, located outside
and adjacent to the study area to the east, has low mineral
resource potential for tungsten and molybdenum with a cer-
tainty level of B. Geochemical analyses suggest that tungsten,
molybdenum, uranium, and thorium are present in low-level
concentrations on the ridge in areas underlain by metasedi-
mentary rocks of the Kernville Series. Although geologic
mapping does not indicate large bodies of calc-silicate
hornfels along this ridge, skarn is present elsewhere in the
Kernville Series and probably is present as small pods along
the ridge.

The area from the valley to the ridge crest southeast of
Scodie Meadow has low mineral resource potential for tung-
sten and molybdenum with a certainty level of C. This hillside
is underlain by granodiorite and quartz diorite of the Sacatar
Quartz Diorite. Silicic metasedimentary rocks were observed
as small pods in outcrop in this drainage. Geochemical
analyses indicate that tungsten, molybdenum, barium, and
minor amounts of copper are present in low-level concentra-
tions in the numerous small xenoliths of calcareous metasedi-
mentary rock mapped in this unit (Diggles and others, 1986).
Secondary alteration and skarn minerals are present in
samples from the area. There is an area of low mineral
resource potential for tungsten in Deadfoot Canyon, in the
adjacent Little Lake Canyon Wildemness Study Area east of
this hillside (Diggles and others, 1985).

The valley east of Long Canyon and the small drainage
northeast of Sacatar Meadow both have low mineral resource
potential for tungsten with a certainty of C. Float of silicic
metasedimentary rock was observed in the former valley.
Geochemical analyses indicate that tungsten, thorium, and
uranium are present in low-level concentrations in both of
these areas, which are underlain by the Sacatar Quartz Diorite.
One of the samples from each of these areas contains visible
pyrite.

The area southeast of Big Pine Meadow has low mineral
resource potential for tungsten with a certainty of C. Geo-
chemical analyses indicate that tungsten, thorium, uranium,
and minor molybdenum are present in low-level concentra-
tions in this area, which is underlain by the Sacatar Quartz
Diorite and adjoins an area underlain by a belt of alaskite.
There is visible pyrite in one of the samples. A U.S. Bureau
of Mines scintillometer reading in this area was three times the
background level. A placer sample collected here, however,
contains only low-level concentrations of uranium and tho-
rium.

The Sacatar Meadows Wilderness Study Area has no geo-
thermal energy potential (Higgins, 1981) and the geology is
not conducive to petroleum or natural gas resource potential
(Scott and Miller, 1982; Scott, 1983). The radioactive miner-
als are probably derived from widespread disseminations in
the plutonic rocks. In the absence of placers of these minerals,
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there are no concentrations of energy minerals and therefore
no energy mineral resource potential in the study area.
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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 polential 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
=
= MODERATE POTENTIAL MODERATE POTENTIAL MODERATE POTENTIAL
o
o UNKNOWN
w
Q POTENTIAL L/B L/C L/D
o}
o]
A LOW POTENTIAL
w
@ Low LOW
S POTENTIAL POTENTIAL N/D
-
w
> NO PDTENTIAL
w
b

A B C D
LEVEL OF CERTAINTY =3

cox >

Abstracted with minor modifications from:

Available information 15 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, Defimtion 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 lsabel National Forest, south-central Colorado: U.S. Geological Survey Bulletin 1638, p.

40-42.

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

IDENTIFIED RESOURCES

UNDISCOVERED RESOURCES

Demonstrated Inferred Probability Range
Measured Indicated Hypothetical Speculative
I Inferred !
Reserves
ECONOMIC | anferred
_____ A I _
|
|
MARGINALLY Marginal inferted
ECONOMIC Reslerves Reserves
______________________ | _ __
| |
SU B- Demonstrated Inferred
Subeconomic Subeconomic
ECONOM'C Resources Resources 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 resource/reserve 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

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
PaIeoge.ne Eocene
Subperiod 55
Paleocene
3 66
ate
Cretaceous Early 96
1
Late 38
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Early
Phanerozoic T ~240
. ate
Permian Early
290
Late
Pennsylvanian Middie
Carboniferous Early
Paleozoic Periods — T ote ~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
p—_—e—— ——_—— e —_—— — - N— = — —
pre - Archean? (38007)
4550

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

2Informal time term without specific rank,
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