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ABSTRACT

The Death Valley quadrangle, California and Nevada, was evaluated for
geologic environments favorable for uranium deposits in accordance with
criteria developed for the National Uranium Resource Evaluation program.
Reconnaissance radiometric and geochemical surveys were conducted in all
geologic environments open to evaluation. Detailed surface and subsurface
investigations were conducted in potential host and source environments.
Subsurface data collected by private industry were obtained for all favorable
environments.

The results of this investigation indicate environments favorable for
fluviolacustrine deposits in the Coso Formation of Tertiary age; metamorphosed
lagoonal deposits in the Limekiln Spring member of the Kingston Peak Formation
of late Precambrian age; and hydroallogenic and pneumatogenic deposits in
Miocene rhyolites related to the Bullfrog Hills caldera. Environments in the

quadrangle considered unfavorable for uranium deposits are plutonic rocks of
Mesozoic age; sedimentary rocks of Precambrian, Paleozoic, Mesozoic, and
Tertiary ages (other than those of the Coso Formation); volcanic rocks of
Tertiary age (other than those of the Bullfrog caldera); and metamorphic rocks
of Precambrian and Mesozoic ages (other than those of the Kingston Peak
Formation). Substantial portions of the quadrangle remain unevaluated because
of restricted access or lack of sufficient subsurface data.
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INTRODUCT ION

PURPOSE AND SCOPE

The Death Valley quadrangle (20), California and Nevada (Fig. 1), was
evaluated to identify areas that exhibit characteristics favorable for the
occurrence of uranium deposits that could contain at least 100 tons of
U308 in rocks with an average grade of not less than 100 ppm U308 .
All accessible geologic environments within the quadrangle were evaluated by
surface and subsurface techniques to determine whether favorable environments
could be present at the surface or to depths of 1500 m (5,000 ft). Each
environment was classified as favorable, unfavorable, or unevaluated for
uranium deposits on the basis recognition criteria compiled by Mickle and
Mathews (eds., 1978) from significant uranium deposits worldwide.

Evaluation of the Death Valley quadrangle was conducted by Bendix Field
Engineering Corporation (BFEC) for the National Uranium Resource Evaluation
(NURE) program, managed by the Grand Junction Office of the U.S. Department of

Energy (DOE). The evaluation program began January 1, 1978, and ended March
14, 1980. This evaluation was accomplished in three phases. Phase I involved

literature research, map preparation, and preparation of a work plan; it
required 3.6 man-months to complete. Phase II involved field work, which

began on June 1, 1978, and took 40.5 man-months to complete. Phase III
involved 10.8 man-months of data evaluation and report preparation; it was

completed on January 31, 1980.

ACKNOWLEDGMENTS

I would like to thank the following individuals, from private exploration

companies, who generously gave their time and geologic data without whom this
report would be far less complete: J. Aylor, J. T. Blomquist, M. M. Easdon,
M. Fiannaca, T. Percival, and M. S. Whitney. James K. Otton, of the U.S.
Geological Survey, provided literature and valuable discussions that were
gratefully appreciated. Thanks are extended to Donald Carlisle, of UCLA, for
his field observations of Precambrian rocks in the Panamint Mountains.
Special thanks are due to Michael Eatough of the BFEC Petrology Laboratory in
Grand Junction, Colorado, for detailed petrographic reports on rock samples
collected during this study.

PROCEDURES

The uranium potential of the Death Valley quadrangle was evaluated with
both surface and subsurface geologic investigations in accordance with uranium
recognition criteria provided by Mickle and Mathews (eds., 1978) and compiled
from a search of previously published literature. Aerial radiometric and
Hydrogeochemical and Stream-Sediment Reconnaissance (HSSR) data were not

available for this evaluation. All data collected during this study were
recorded separately on 15' topographic quadrangles. Initial surface
radiometric surveys were conducted on outcrops along accessible roads and
trails with Mt. Sopris Model SC-131 portable scintillometers. Readings were

taken at intervals of not greater than 1 mi, and the data were recorded on
appropriate 15' base maps.
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Several thousand measurements were made for the Death Valley quadrangle.
The maximum reading taken in any given square mile was recorded on a base map
at a scale of 1:250,000. Symbols were used to represent the range (in counts
per second) considered to be characteristic of background values, source-rock
values, and host-rock values. These data are recorded on Plate 17.

Areas identified as having potential source- or host-rock environments by
the surface radiometric surveys were selected for detailed geologic
evaluations. Areas with previously reported uranium occurrences were also
examined in detail. The detailed surface examinations included: rock samples
taken from representative lithologies, closely spaced scintillometer
measurements, gamma-ray spectrometric measurements (with a Scintrex GAD-6 and
a geoMetrics Model GR-410), water samples from springs and wells, and bulk
samples of heavy-mineral concentrates with an electrostatic concentrator. In
addition, observations of the mineralogy, alteration, petrology, and
structures were also made and recorded. Fluorometric-uranium analyses and
29-element emission-spectrographic analyses were run on 245 rock samples by
TSL Laboratories, Inc., in Opportunity, Washington. Five rock samples (MFT
635-639) were submitted to the BFEC laboratory in Grand Junction, Colorado,
for similar analyses. Drill cuttings were obtained from private industry for
all three of the favorable areas described in this report; and 101 samples
were submitted to TSL Laboratories, Inc., for fluorometric-uranium and
emission-spectrographic analyses.

Selected rock samples were sent to the BFEC laboratory in Grand Junction,
Colorado, for 81 rapid-rock analyses, 56 semiquantitative modal analyses, and
2 alpha-track radiometric analyses. Thirty-five water samples were analyzed
for U 3 08 with a Scintrex Uranium Analyzer by BFEC personnel in the Reno
field office. Field KUT measurements were taken at 124 rock-sample locations,
and the data were subsequently stripped with a Texas Instruments, Inc., TI-59
programmable calculator to eliminate Compton scattering. The TI-59 was also
used to calculate agpaitic coefficients and CIPW norms from all available
rapid-rock and whole-rock analyses. Differentiation indices (Thornton and
Tuttle, 1960) were calculated from the CIPW norms. Plots of the uranium
values were made as a function of agpaitic coefficients (P.I.),
differentiation indices (D.I.), and weight percentages of all major oxides to
determine any correlation with peralkalinity or differentiation. Cumulative
frequency distributions were determined for the chemical-uranium content,
thorium-to-uranium ratios, equivalent-uranium to chemical-uranium ratios,
agpaitic coefficients, and differentiation indices of all sample populations.
Rapid-rock and whole-rock analyses of plutonic and volcanic rocks were
compared to Daly's (1933) averages for rocks of similar composition. The
trace-element geochemistry and chemical-uranium content of all samples were
compared to Vinogradov's (1956) or Taylor's (1964) averages, depending upon
specific rock type sampled. In addition, the trace-element geochemical
analyses and fluorometric-uranium analyses of all lithologically similar
samples collected on the Death Valley quadrangle were statistically treated as
discrete populations. Radiometric concentrations and ratios were compared to
data reported by Adams and others (1959) and Clark (1966) as average for
comparable rock types. Petrologic, chemical, and radiometric data reported by
other workers and from private industry for several hundred rock samples were
also used in this evaluation.
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GEOLOGIC SETTING

The Death Valley quadrangle, an area of approximately 12,872 km 2, is
between lat 36*00'00"N. and 37*0 0'00"N., and long 116*00'00"W. and
118*00'00"W. (Fig. 1). The region is in the Basin and Range physiographic
province, as characterized by high, north-northwest trending, block-faulted
mountains separated by deep basins. The lowest point on the Death Valley
quadrangle (and the lowest point on the North American continent) is Badwater
Basin in Death Valley, which is 282 ft below sea level. About 24 km southwest
of this point and at an elevation of 11,049 ft is Telescope Peak. The geology
of the Death Valley region is both diversified and complex. The oldest rocks
are schists and gneiss of early Precambrian age. Although these rocks occur
in the Black Mountains and Greenwater Range, they are best exposed in the
Panamint Range; here, they have been dated at pre-1800 m.y. (Labotka, 1978;
Lanphere and others, 1964). These rocks are overlain by metamorphosed
sedimentary and volcanic rocks of late Precambrian age that crop out in the
Panamint Range and in the Funeral Mountains. Several thousand feet of marine
carbonates and clastic sediments of late Precambrian, Paleozoic, and Mesozoic
ages overlie the Precambrian metamorphic rocks and are extensively exposed in
the Amargosa, Panamint, Argus, Nopah, and Spotted Ranges and in the Inyo,
Resting Spring, and Spring Mountains. Granitic stocks and batholiths of
Mesozoic age have intruded these sedimentary rocks and are widespread in the
western half of the quadrangle. The major exposures are in the Inyo Mountains
and in the Nelson, Coso, Argus, and Panamint Ranges. Metamorphosed
sedimentary and volcanic rocks of Mesozoic age occur in the Inyo Mountains and
in the Argus and Coso Ranges. Granitic plutons of Tertiary age, which are
exposed in the Panamint Range, the Black Mountains, and in the Greenwater
Range, intrude sedimentary and metasedimentary rocks. Basaltic to rhyolitic
volcanic rocks of Tertiary age occur in the Panamint, Saline, Amargosa, and
Greenwater Ranges; they also occur in the southern Inyo Mountains, the Darwin
Plateau, the Bullfrog Hills, Skull Mountain, and Yucca Mountain. All the
basins on the quadrangle are filled with sedimentary rocks of Cenozoic age;
these areas include Owens Valley, Saline Valley, Racetrack Valley, Hidden
Valley, Panamint Valley, Death Valley, Greenwater Valley, and the Amargosa

Desert. Recent rhyolitic volcanic rocks are extensively exposed in the Coso
Range in areas where hot springs are active.

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

SUMMARY

Three areas have environments favorable for uranium deposits (Plate 1).
Area A is favorable for fluviolacustrine deposits (unclassified) that occur in
the Coso Formation of Tertiary age. This area is in the Coso district, east
of Olancha, California. Area B is centered around Happy Canyon, northeast of
Ballarat, California, and is favorable for metamorphosed lagoonal deposits

(unclassified) that occur in the Limekiln Spring member of the Kingston Peak
Formation of late Precambrian age. Area C is the Bullfrog Hills caldera, near
Beatty, Nevada, and is considered favorable for hydroallogenic and
pneumatogenic deposits (Classes 540 and 520; Pilcher, 1978) that occur in
tuffaceous sedimentary rocks and rhyolites of Miocene age.
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COSO AREA

The Coso Formation is considered favorable for uranium deposits because
it has numerous similarities to the favorable sedimentary classes described by
Austin and D'Andrea (1978). This formation also has characteristics similar
to those criteria presented by Pilcher (1978) for volcanic classes;
consequently, it has not been given a class number. In addition, reserve data
indicate that the Coso Formation greatly exceeds the minimum grade and tonnage
requirements considered as favorable for this evaluation.

Culture and Land Status

The Coso area (Area A) is southeast and east of Olancha, in Owens Valley,
Inyo County, California (P1. 1). This area occupies approximately 200 km2

and includes the northern and western flanks of the Coso Range and a portion
of Owens Lake. This land is under the control of the U.S. Bureau of Land
Management and is held under claim by several private mining companies.

Name, Distribution, Correlation, Age

The Coso Formation (Schultz, 1937) is a series of conformable,
interbedded lacustrine and volcaniclastic sediments, rhyolitic to dacitic
air-fall and ash-flow tuffs, and arkosic conglomerates (Fig. 2) that are
exposed on the Keeler, Haiwee Reservoir, and Darwin 15' quadrangles. This
formation underlies an area greater than 200 km2 and locally exceeds 1067 m
in thickness. These rocks have been described in detail by Toohey and Cupp
(1976), Power (1958, 1959), Stinson (1970, 1977), Hetland (1955), Davis and
Hetland (1956), Walker and others (1956), Troxel and others (1957), Rapp
(1976), Duffield (1975), Sheahan and others (1957), Evernden and others
(1964), and Schultz (1937). On the basis of vertebrate fossils found in the
basal fanglomerate, Schultz (1937) suggests a late Pliocene or early
Pleistocene age for these rocks.

Depositional Environments

The basal beds of the Coso Formation represent alluvial fans formed from
the rapid transportation of weathered granitic and rhyolitic rocks from Haiwee
Ridge. These fanglomerates are interbedded with coarse-grained, arkosic
sandstones that locally occupy channels. Fine-grained lacustrine rocks, which
were deposited in Owens Lake, interfinger with the coarse clastic sedimentary
rocks and locally act as aquitards. Rhyolitic air-fall and ash-flow tuffs,
which were erupted from the Haiwee Ridge area, occur throughout the
fluviolacustrine sequence. These rocks have provided some uranium in the Coso

Formation and also serve as permeable zones for fluid movement. Biotite-rich
andesitic tuffs and flows overlie the Coso Formation. Ground-water and
hydrothermal solutions, which are related to the andesitic volcanism, have
removed uranium from granites and rhyolites and subsequently have deposited
secondary uranium minerals in the permeable clastic sediments and along
structures.

7
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Structural Features

Toohey and Cupp (1976) and Power (1958) report the common occurrence of
paleostream channels, ripple marks, graded beds, mud cracks, minor angular
unconformities, and cross-beds in the lacustrine sediments. Duffield (1975)
describes steeply dipping ring faults that define a structural subsidence
basin with an areal extent of approximately 1500 km 2; rocks of the Coso
Formation lie within this structure. The major structural features in these
rocks are steeply dipping north- to northeast and west- to northwest-trending
faults and north- to northeast-trending joint sets (Toohey and Cupp, 1976).
Dip-slip components predominate along the north- to northeast-trending faults;
whereas, the north- to northwest-trending faults have both vertical and
left-lateral components. Many of these structures may be related to the
collapse of an underlying magma chamber following widespread eruptions. These
faults have locally controlled the downward migration of uraniferous ground
water and the subsequent deposition of uranium minerals as disseminations and
coatings. Carver (1975) recognizes folds, domes, and faults in the lacustrine
sediments; and recent drilling indicates that these structures have also
localized uranium. These structural controls are similar to those described
by Austin and D'Andrea (1978) as characteristic of sandstone-type uranium
deposits. Power (1959) suggests that hydrothermal solutions migrated along
faults and locally deposited primary uranium minerals in the granitic rocks
and overlying Coso Formation rocks. This structural setting is similar to
those of pneumatogenic deposits (Pilcher, 1978).

Lithology and Petrography

The Coso Formation consists of over 1067 m of mudstones, siltstones,
sandstones, limestones, shales, and fanglomerates that are interbedded with
rhyolitic to dacitic air-fall and ash-flow tuffs. These rocks overlie a
granitic basement and are overlain by andesitic air-fall and ash-flow tuffs.
All of these rocks have been mapped and described in detail by Power (1958,
1959), Stinson (1970, 1977), Toohey and Cupp (1976) and others. The most
characteristic rock type in this basement is a light-gray, medium- to
coarse-grained granite. The essential minerals are potassium feldspar,
plagioclase, and quartz. Biotite is the most abundant dark mineral.
Titanite, muscovite, and opaque minerals commonly occur as accessory minerals.
The feldspars are locally altered to kaolin, sericite, and chlorite. These
Mesozoic granitic rocks locally host uraniferous hydrothermal veins (related
to Tertiary volcanic activity), channel the downward and lateral migration of
meteoric water, and provide chemical uranium to the sedimentary and volcanic
rocks that are down-dip. The brown to yellow basal unit of the Coso Formation
ranges from a boulder conglomerate to an arkosic sandstone that is composed
primarily of angular granitic fragments cemented by clay, calcite, or silica.
This basal unit was derived from the erosion of the underlying granitic

basement and is up to 122 m thick. This unit acts as a permeable host for
secondary uranium minerals that have been deposited by ground water. Locally,

these rocks contain primary uranium minerals in brecciated, silicified veins
(also related to Tertiary volcanic activity). The lake-bed sediments are
predominantly white to buff, thin-bedded, fine-grained arkosic siltstones and
sandstones that are composed primarily of reworked volcanic and plutonic rocks

9



and that are cemented by clay, calcite, or silica. The arkosic siltstones and
sandstones are permeable zones that allow ground-water migration and locally
host secondary uranium minerals. Clay layers, which are interbedded with the
more permeable sediments, locally have adsorbed secondary uranium minerals and
have acted as aquitards. The tuffs that are interbedded with the clastic
sediments are predominantly rhyolitic in composition and contain approximately
20% quartz and feldspar phenocrysts in a fine-grained matrix. Power (1959)
reports heulandite, chabazite, and stilbite as cavity fillings. Although
zeolites can be effective in adsorbing uranium (Katayama and others, 1974),
they indicate alteration in the tuffs which might release uranium to be
concentrated elsewhere. The tuffs locally exceed 150 m in thickness but are
generally present as thin, discontinuous interbeds.

Mineralogy

The uranium mineralogy of the Coso Formation has been described by Toohey
and Cupp (1976), Troxel and others (1957), Sheahan and others (1957), Walker
and others (1956), Power (1959), and Rapp (1976). Uranophane, autunite,
uranopilite(?), schroeckingerite, phosphuranylite, and uraniferous opal occur
as disseminations, coatings, and fracture fillings in the basal fanglomerate,
arkosic sandstones, and clays of the Coso Formation. Uraninite occurs with
finely disseminated pyrite, iron oxides, and manganese oxides in silicified,
brecciated veins in the granitic basement rocks and in the clastic sediments
of the Coso Formation that immediately overlie the basement. The quartz in
these veins is chalcedonic and locally dark gray to black as a result of
intensive radiation exposure.

Alteration

Kaolinization, sericitization, chloritization, pyritization,
hematitization, and silicification locally have occurred in the granitic and
sedimentary rocks in proximity to the hydrothermal veins. In addition, tuffs
in the lake-bed sediments have undergone zeolitization. These types of
alteration have been repeatedly described in association with sandstone-type
uranium deposits and for uraniferous hydrothermal veins in pneumatogenic
environments.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 21 rock samples, 7
heavy-mineral concentrates, and 30 samples of drill cuttings. Toohey and Cupp
(1976) provided chemical data for 306 rock samples, and these analyses were
also used in this evaluation. The chemical-uranium values range from 2 ppm to
3,000 ppm in the fanglomerates, from 2 ppm to 920 ppm in the lake-bed
sediments, and from 1 ppm to 3,640 ppm in the granitic rocks; this indicates
that all three lithologies locally exceed the minimum grade requirement (100
ppm) for a "favorable" classification. This classification is also supported
by chemical-uranium values reported by Power (1959), Miller (1960), Rapp
(1976), Davis and Hetland (1956), Sheahan and others (1957), Hetland (1955),
and Walker and others (1956). The chemical-uranium values in the volcanic
rocks range from 2 ppm to 45 ppm, which indicates that they do not contain the
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minimum-grade requirement. Heavy-mineral concentrates, collected down dip
from mineralized granites and arkosic sandstones, contain from 2 ppm to 69 ppm
chemical uranium, indicating that most available uranium has been transported
chemically rather than mechanically. Bulk samples of mineralized arkosic
sandstones were collected by Maysilles and others (1978) for leachability
studies. The chemical-uranium values ranged from 400 ppm to 1,800 ppm and 80
to 85 percent U308 extraction was possible from leaching with sulfuric
acid.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were obtained
for 21 rock samples, 7 heavy-mineral concentrates, and 30 samples of drill
cuttings. Arkosic sandstones in the Coso Formation locally contain high
values (>4x b.g.) of uranium, silver, arsenic, lanthanum, molybdenum, sodium,
lead, antimony, vanadium, and zinc; and these samples contain low values
(<0.25x b.g.) of chromium, lithium, nickel, strontium, and zirconium when
compared to Vinogradov's (1956) average for comparable rock types (App. B).
The arsenic values are extremely anomalous (averaging 300x b.g.) and show a
positive correlation with uranium. Uranium, silver, arsenic, molybdenum,
lead, vanadium, and zinc are considered by Austin and D'Andrea (1978) to be
among the important elements in sandstone uranium deposits; these elements are
also characteristic of the mineralized sandstones of the Coso Formation.
Chromium and nickel, also considered important by Austin and D'Andrea, are
conspicuously low in the mineralized sandstones. Siliceous veins in granitic
rocks that underlie the Coso Formation locally contain high values (>4x b.g.)
of uranium, silver, arsenic, cobalt, chromium, molybdenum, nickel, antimony,
tungsten, and anomalously low values (<0.llx b.g.) of zirconium when compared
to Taylor's (1964) averages for similar rocks (App. B). These veins have
characteristics similar to those of pneumatogenic occurrences described by
Pilcher (1978); uranium, silver, molybdenum, and tungsten are important

elements. Drill cuttings from lake-bed sediments along the northwest flank of
the Coso Range contain high values (>4x b.g.) of uranium, silver, arsenic,
boron, lanthanum, molybdenum, lead, and vanadium; but they contain low values
(<0.25x b.g.) of chromium, nickel, and zirconium when compared to Vinogradov's
averages for sedimentary rocks (App. B). All of the anomalous elements in the
lake-bed sediments, with the exception of boron and lanthanum, are considered
by Austin and D'Andrea to be important criteria for sandstone uranium
deposits. Although chromium and nickel are also considered to be important
elements, they are low in the lake-bed sediments. Heavy-mineral concentrates
(App. B) collected down dip from mineralized granites and arkosic sandstones
contain high values (>4x b.g.) of uranium, silver, arsenic, boron, cobalt,
chromium, molybdenum, nickel, antimony, tin, and tungsten; but they contain
low values (<0.25x b.g.) of niobium, yttrium, and zirconium when compared to
Vinogradov's averages. These high values suggest that many elements are
concentrated as sulfides or as substitutions in resistate minerals; whereas,
the low values indicate low original concentrations in the felsic source
rocks.
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Radiometric Data

Detailed surface radiometric readings taken during this study and by

Toohey and Cupp (1976) indicate a range of values from 100 cps to 350 cps per
in the tuffs, from 120 cps to 4,500 cps in the lacustrine and fluviatile
sediments, from 90 cps to 5,300 cps in the underlying granitic rocks, and from
100 cps to 10,000 cps in the fanglomerates. The highest readings correspond
to the areas with the highest concentrations of chemical uranium. Toohey and
Cupp (1976) provide laboratory gamma-ray spectrometric data for 306 rock
samples collected from the Coso Formation. The range of values for potassium,
equivalent uranium, and equivalent thorium in the granitic rocks is <1-6%,
1-2,625 ppm, and 2-94 ppm, respectively. These values indicate local
enrichment in both equivalent uranium and equivalent thorium. Most of these
enriched rocks are in proximity to the hydrothermal veins.

The equivalent-uranium to chemical-uranium ratios in the granitic rocks
range from 0.25 to 2.0. Approximately 75% of the sample population are <1,
which indicates disequilibrium in favor of chemical uranium. The thorium-to-
uranium ratios in the granitic rocks range from 0.9 to 22. Approximately 65%
of the sample population have ratios ranging from 5 to 22, which indicates
moderate to extreme depletion of uranium in non-mineralized areas. These
values are significantly higher than the 3-to-4 range considered by Adams and
others (1959) to be average for silicic intrusive rocks. Therefore, these
rocks may be one source of the uranium in the Coso Formation. The discrepancy
between the low equivalent-uranium to chemical-uranium ratios and the high
thorium-to-uranium ratios in the granitic rocks can be explained by an early
depletion of uranium during weathering and erosion, which was followed by
subsequent enrichment from the leaching of overlying tuffs that have since
been removed. Laboratory gamma-ray spectrometric data were obtained for a
silicified hydrothermal-vein sample collected at the Ontario prospect. The
potassium, equivalent-uranium, and equivalent-thorium values are 3%, 1,797
ppm, and 72 ppm, respectively. The equivalent-uranium to chemical-uranium
ratio is approximately 1, which indicates that the sample is in equilibrium.

The potassium, equivalent-uranium, and equivalent-thorium values in the
fanglomerates are <1-4%, 1-1,371 ppm, and 3-61 ppm, respectively. These
values indicate local enrichment in equivalent uranium and equivalent thorium.
The equivalent- uranium to chemical-uranium ratios in the fanglomerates range
from 0.20 to 2.3. Approximately 85% of the sample population are <1, which
indicates disequilibrium in favor of chemical uranium. The thorium-to-uranium
ratios in the fanglomerates range from 0.15 to 12. Approximately 70% of the
sample population have ratios <1, which indicates uranium enrichment. These
values are lower than the 1-to-5 range that Clark (1966) reports as average
thorium-to-uranium ratios for comparable sedimentary rocks. All of these
radiometric data indicate that the fanglomerates are enriched in uranium and
represent potentially good host rocks. The range of values for potassium,
equivalent uranium, and equivalent thorium in the lake-bed sediments is 1-5%,
2-516 ppm, and 2-26 ppm, respectively. These values indicate local enrichment
in equivalent uranium.

The equivalent-uranium to chemical-uranium ratios in the lake-bed
sediments range from 0.19 to 2.0. Approximately 75% of the sample population
are (1, which indicates disequilibrium in favor of chemical uranium. The
thorium-to-uranium ratios in the lake-bed sediments range from 0.03 to 6.
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Approximately 90% of the sample population have values of (1, which indicates
enrichment in uranium. These values are also lower than the worldwide
averages reported by Clark. All of these data also indicate that the lake-bed
sediments are also enriched in uranium and represent potential host rocks.

The range of values for potassium, equivalent uranium and equivalent
thorium in the volcanic rocks is 1-7%, 1-39 ppm, and 4-18 ppm, respectively.
These values indicate only a very slight enrichment in equivalent uranium,
locally. The equivalent-uranium to chemical-uranium ratios in the volcanic
rock range from 0.33 to 1.1. Approximately 88% of the sample population have
values <1, which indicates disequilibrium in favor of chemical uranium. This
radiometric disequilibrium indicates that most of the uranium in the samples
has been transported from another source. The thorium-to-uranium ratios in
the volcanic rocks range from 0.74 to 3. Approximately 90% of the sample
population have values of <3, which indicates enrichment in uranium. These
values are lower than the 3-to-5 range that Adams and others (1959) report as

average for silicic extrusive rocks. These radiometric data indicate that the
volcanic rocks are locally enriched in uranium and may also represent a

suitable host environment. The enrichment in these rocks is not unusual since
they are interbedded with the mineralized lacustrine sequence and contain
local zeolitized layers. Total-gamma and gamma-ray spectrometric data were
obtained from BFEC drill holes in the Owens Valley. The most anomalous

interval is in drill hole OV-E in sec. 35, T. 18 S., R. 37 W. The total-gamma
measurement is 1,250 cps and the corresponding ore-grade calculation is 0.012%
U308 over the 5.5-ft interval from 2,304.5 to 2,310 ft.

Geometry and Size

The lacustrine and fluvial sediments of the Coso Formation contain
uranium minerals that localize in channels, adsorb on clay surfaces, fill
fractures, and occur in small roll fronts. In addition, the sedimentary and
granitic rocks locally contain primary uranium minerals that are disseminated
in siliceous, brecciated veins that are commonly less than 1 m wide. These
veins are exposed at the Ontario, Seneca, and Coso prospects and are
associated with a fault that has a strike length of nearly 5 km. Sheahan and
others (1957) report reserves of 390,000 tons of 0.07% U308 at the Coso
Mine. The reserve data indicate that the minimum size requirement (100 tons)
for a "favorable" classification has been substantially exceeded.

HAPPY CANYON AREA

The Limekiln Spring member of the Kingston Peak Formation is considered
favorable for uranium deposits because it has numerous geologic criteria

considered by Mathews (1978) to be characteristic of polymetallic vein

deposits in metamorphic rocks. This member also exhibits similarities to the
sandstone-type deposits described by Austin and D'Andrea (1978). However, the

rocks also have characteristics considerably different from these deposits;
consequently, this environment has not been assigned a class number.
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Culture and Land Status

The Happy Canyon area (Area B) is centered approximately 10 km northeast
of Ballarat, in Panamint Valley, Inyo County, California (P1. 1). This area
occupies 6.6 km2 and includes the area between Hall and Pleasant Canyons in
the Panamint Mountains. The land is under the control of the U.S. Bureau of
Land Management and is held under claim by mining companies.

Name, Distribution, Correlation, Age

The Kingston Peak Formation (as defined by Hewett, 1940) is extensively
exposed in the Panamint Mountains. However, the Limekiln Spring member
(defined by Labotka, 1978) is exposed only on the Telescope Peak 15'
quadrangle. The uraniferous beds within the Limekiln Spring member have only
been observed in the area between Hall Canyon and Pleasant Canyon.

The rocks of the Kingston Peak Formation (Fig. 3) have been described in
detail by Murphy (1930, 1932), Hewett (1940), Johnson (1957), Albee and
Lanphere (1962), Lanphere (1962), Thompson (1963), Lanphere and others (1964),
McDowell (1967), and Labotka (1978). The Kingston Peak Formation is
considered by Labotka to be Late Precambrian in age. The Beck Spring Dolomite
and Crystal Spring Formation underlie the Kingston Peak Formation. These
rocks overlie the World Beater Complex (Lanphere and other, 1964), which
includes a 1,790-m.y.-old augen gneiss and a 1,350-m.y.-old porphyritic quartz
monzonite (dated by Lanphere and others, 1964).

Depositional History

The Beck Spring Dolomite and Crystal Spring Formation that underlie the
Limekiln Spring member of the Kingston Peak Formation were deposited in a
shallow-marine environment adjacent to the World Beater Island (World Beater
Complex rocks) described by Labotka. Uplift and doming of the World Beater
Island occurred at the end of Beck Spring Dolomite deposition and resulted in
the formation of local backwater basins (Labotka, 1978). These basins were
filled by sediments derived from the erosion of the World Beater Dome, which
had local phases that were anomalously radioactive. The uraniferous beds of
the Limekiln Spring member were deposited at this time. Continued uplift and
erosion resulted in the deposition of the Sunrise member and the South Park
member of the Kingston Peak Formation.

Structural Features

The schists and gneisses of the World Beater Complex that underlie the
Limekiln Spring member are characterized by cataclastic textures. They have
undergone several periods of deformation and recrystallization. Rocks of the
Kingston Peak Formation underwent low-grade regional metamorphism and folding
during the late Mesozoic and underwent large-scale gravity sliding and
faulting during Tertiary time (Labotka, 1978). Anticlinal and synclinal
folding, doming, and intense faulting can be observed throughout Area B.
Mesozoic structures localized uranium that was remobilized during metamorphism
of the uraniferous beds of the Limekiln Spring member. Cenozoic structures
have controlled the migration and deposition of uranium from infiltrating
meteoric water in the vadose and underlying saturated zones.
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Figure 3. Stratigraphic column of the Happy Canyon Area (Area B).
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Lithology and Petrography

The uraniferous beds occur in the Limekiln Spring member (Labotka, 1978)
of the Kingston Peak Formation (Fig. 3). This member is composed of a variety
of rock types, which includes metaquartzite, argillite, phyllite, schist,
amphibolite, metaconglomerate, dolomite, and metagraywacke; however, the
uraniferous rocks are fine-grained pyritic, carbonaceous(?), feldspathic,
phyllitic argillites to phyllitic schists. Complete semiquantitative modal
analyses (App. D) were obtained for 14 samples. Samples designated as
phyllite are from the uraniferous beds. The Limekiln Spring member of the
Kingston Peak Formation is underlain by the Beck Spring Dolomite, the Crystal
Spring Formation (primarily marble and schist), and rocks of the World Beater
Complex. This complex consists of pre-1800-m.y.-old (Labotka, 1964)
quartz.ofeldspathic schists and gneisses and a 1790-m.y.-old biotite augen
gneiss that have been intruded by a 1350-m.y.-old porphyritic quartz monzonite
(Lanphere and others, 1964). Geochemical and radiometric surveys conducted by
private industry indicate that rocks of the World Beater Complex are the
probable source for the uranium in the favorable unit of the Limekiln Spring
member.

Mineralogy

Thin-section and microprobe analyses of the uraniferous beds in the
Limekiln Spring member indicate that highly resistate uranium phases and
highly leachable uranium phases coexist within the favorable unit. The
minerals identified in this unit include brannerite, hydrous uranyl oxide,
uraninite(?), anatase, hematite, gypsum, calcite, pyrite, galena,

chalcopyrite, pyrrhotite, magnetite, ilmenite, tourmaline, and apatite. This
mineral assemblage in part may be produced by the sulfurization and
subsequent uranium complexing of detrital magnetite and ilmenite in a

uranium-rich reducing environment that has undergone low-grade regional
metamorphism and subsequent supergene alteration. As possible explanations of
the above mineral assemblage, Morton (1974) proposed the following reactions:

1. FeFe204  + 6H2S-+ 3FeS2  + 4H20 + 4H+
(magnetite) (pyrite)

2. (Fe,Mg)Ti0 3 + 2H2S-.'FeS2  + Ti02  + H2 0 + 2H+ + Mg++
(ilmenite) (pyrite) (anatase

or titanogel)

3. 1-3TiO2 + (UO2 )++ -UTi 2-306- 8  (Pronto Reaction of
(brannerite) Ramdohr, 1969)

4. xTi02 + (UO2 )'++-- Ti0 2(x)-U02 complex (uranium

sorption anatase titanogel)

This mineral assemblage has been observed at uranium deposits in
northwestern Canada (Morton, 1974) and at the Witwatersrand Reefs (Feather and
Koen, 1975). Both stratigraphic and structural controls have influenced the
localization of uranium minerals within the favorable units of the Limekiln
Spring member. Leachability tests on the most uraniferous drill cuttings
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indicate that 95-100% of the uranium present is leachable through the use of
cold extractable-acid techniques, which establishes the presence of a highly
soluble uranium phase.

Chemical Data

Fluorometric-uranium analyses (App. B) were obtained for 131 drill-

cutting and 64 rock samples. The chemical-uranium values range from 1 ppm to
24,000 ppm in the rock samples and from 1 ppm to 301 ppm in the drill
cuttings. The highest chemical-uranium values are from very fine-grained,
pyritic, carbonaceous(?), phyllitic argillites. The average chemical-uranium
content of 195 rock samples and drill cuttings is 352 ppm, which indicates
that this environment exceeds the minimum grade requirement (100 ppm) for a
"favorable" classification. One of the most anomalous drill holes has a
25-ft-interval that averages 144 ppm U3 08 .

Seventeen water samples were collected at springs in the area between
Surprise and Pleasant Canyons (App. B). The chemical-uranium content of these
waters ranges from 2 ppb to 31 ppb (App. B). Most of the values are
considerably higher than the 0.05-1 ppb range that Hawkes and Webb (1962)
report as average for fresh water. These anomalous values suggest that the
water has migrated through rocks that contain abundant labile uranium.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were obtained
for 11 rock and 21 drill-cutting samples. The pyritic, carbonaceous(?)
argillites of the Limekiln Spring member locally contain high values (>4x
b.g.) of uranium, silver, arsenic, boron, lanthanum, molybdenum, lead,
antimony, and vanadium; but these rocks also contain low values (<0.25x b.g.)
of niobium, strontium, and zirconium when compared to Vinogradov's (1956)
averages for sedimentary rocks (App. B). Some serious discrepancies were
noted in the emission-spectrographic analyses of samples MET-635 through
MET-639; therefore, these data were not used in calculating average values.
The highest uranium values (>100 ppm) are from samples that also contain high
values (>4x b.g.) of silver, arsenic, boron, lanthanum, molybdenum, lead,

antimony, vanadium, and zinc; but these samples contain low values (<0.25x
b.g.) of niobium, strontium, and zirconium when compared to Vinogradov's
averages. Assay data were provided by private industry for the mercury,
copper, silver, and gold content of 15 rock samples. The highest values of
mercury, copper, silver, and gold are 1,000 ppb, 37 ppm, 2 ppm, and 0.08 ppm,
respectively. Assays were also provided for the silver content of 44 drill-
cutting samples and the tungsten content of 38 samples of drill cuttings. The
highest silver content is 25.9 ppm, and the highest tungsten content is 145
ppm; however, most samples contain <1 ppm silver and (2 ppm tungsten.

These assay data for the rocks and drill cuttings indicate that the
average concentrations of mercury, copper, silver, gold, and tungsten are not
significantly greater than Vinogradov's averages. Most of the elements found
in anomalous concentrations with the uraniferous argillites are also found in
sandstone-type uranium deposits (Austin and D'Andrea, 1978) or in polymetallic
vein deposits in metamorphic rocks (Mathews, 1978).
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Radiometric Data

Detailed surface scintillometer readings taken during this study are from
200 cps to 9,000 cps. The highest readings are from an unnamed adit in sec.
16, T. 21 S., R. 45 E. that was driven in the favorable unit of the Limekiln
Spring member. Field gamma-ray spectrometric measurements were made at five
rock-sample locations (App. E). The range of values for potassium, equivalent
uranium, and equivalent thorium is 1-15%, 2-896 ppm, and 5-92 ppm,
respectively. The thorium-to-uranium ratios range from 0.10 to 14, but most
of the samples show an enrichment in uranium over thorium. Field gamma-ray
spectrometric measurements taken by private companies indicate local anomalous
zones with radioactivity that exceeds 75 times background values.

Laboratory gamma-ray spectrometric data were provided by private industry
for 53 rock samples. The range of values for potassium, equivalent uranium,
and equivalent thorium in these samples is 0.2-10.6%, 1-21,500 ppm, and

0-1,480 ppm, respectively. These values indicate local enrichment in both
equivalent uranium and equivalent thorium. The thorium-to-uranium ratios
range from 0 to 18.5, but approximately 75% of the sample population have
ratios less than 3.4. Malan (1972) reports this as an average for low- to
intermediate-grade metasediments in the western United States. The
equivalent-uranium to chemical-uranium ratios are from 0.50 to 12.5.
Approximately 42% of the sample population are out of equilibrium in favor of
U308, 15% are in equilibrium, and 43% of the samples are out of
equilibrium in favor of equivalent uranium. Airborne radiometric surveys
conducted by private industry delineated radioactive zones that exceed 3 times
background values. These combined radiometric data indicate that the Limekiln
Spring member locally has extremely radioactive zones that are enriched in
uranium and thorium.

BULLFROG HILLS AREA

The Bullfrog Hills caldera and its associated rhyolitic ash-flow tuffs
are considered favorable for uranium deposits because they exhibit numerous
criteria considered by Pilcher (1978) to be indicative of hydroallogenic
(Class 540) and pneumatogenic (Class 520) uranium occurrences in volcanic
rocks. The Bullfrog Hills caldera was also found to have similarities to the
McDermitt caldera, Nevada-Oregon, uraniferous fluorite pipes at Spor Mountain,
Utah, and the mineralized rhyolites of the Pena Blanca district in Mexico.

Culture and Land Status

The Bullfrog Hills area (Area C) is principally located north and west of

Beatty, Nevada (P1. 1). It occupies an area of approximately 53 km and

includes the Bullfrog Hills and the northern flank of Bare Mountain. This
land is under the control of the U.S. Bureau of Land Management and is held
under claim by several private mining companies and individuals.

Name, Distribution, Correlation, Age

The Bullfrog Hills caldera (Cornwall, 1962) occupies an area of
approximately 210 km2 mostly on the Bullfrog 15' quadrangle. However, less
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than half this area was evaluated because of restricted access, poor exposure,
and limited subsurface data. The volume of ash flows associated with this
caldera is estimated by Cornwall (1962) to be approximately 137 km3 with a
maximum aggregate thickness of 3048 m. These rocks have been described in
detail by Cornwall (1962, 1967), Cornwall and Kleinhampl (1964), Kral (1951),
and Koschmann and Bergendahl (1968). Cornwall (1962) considers the caldera
and its associated volcanic and sedimentary rocks to be Miocene in age.

Structural Features

The Bullfrog Hills caldera was formed when the roof of an underlying
magma chamber collapsed after the violent eruption of tuffs and ash flows.
Subsequent intrusions and eruptions occurred along the ring-fracture zone at
the margin of the caldera. The volcanic rocks have been dropped down by a
series of normal faults that are related to the ring-fracture zone. Basin and
range normal faulting is also evident throughout the region. The rocks of the
Bullfrog Hills caldera have also been displaced by the Las Vegas Valley shear
zone, which is a major right-lateral transcurrent lineament that has been
described by Longwell (1960), Burchfiel (1961), Cornwall and Kleinhampl (1961,
1964), Gianella and Callaghan (1934), and Locke and others (1940). This
structural setting is similar to those of several types of volcanogenic
uranium occurrences described by Pilcher (1978).

Lithology and Petrography

The rocks associated with the caldera include rhyolite, latite, and
basalt ash flows, and flows, tuffs, and intrusions locally interbedded with
intracaldera sediments (Fig. 4). However, the most characteristic rocks
present are a series of rhyolitic ash flows with an aggregate thickness of
1830 m (Cornwall, 1962). Cornwall has mapped five cooling units in this pile.
Each unit has both welded and nonwelded zones, and three units have basal
vitrophyres. Modal analyses are reported for these cooling units by Cornwall
and Kleinhampl (1964). The nonwelded tuffs are composed of groundmass
(78-99%), quartz (0-7%), plagioclase (0.6-7%), sanidine (0.2-6%), magnetite
(0-0.3%), biotite (0.1-0.3%), and xenoliths (0-7%). The lithoidal welded
tuffs are composed of groundmass (76-98%), quartz (0-11%), plagioclase
(0.5-16%), sanidine (0.9-10%), magnetite (0.1-1%), biotite (0.1-1%), and
xenoliths (0-2%). The samples with the highest uranium content collected
during this study are rhyolite ash flows in the vicinity of the ring-fracture
zone on the caldera margin. Rhyolite ash flows and intracaldera sediments are
considered by Pilcher (1978) to be characteristic host rocks for pneumatogenic
and hydroallogenic uranium occurrences, respectively.

Mineralogy

The mineralogy of the ore deposits associated with the Bullfrog Hills
caldera has been described in detail by Cornwall and Kleinhampl (1964),
Koschmann and Bergendahl (1968), Garside (1973), Kral (1951), and Ransome and
others (1910). Hydrothermal solutions, which were derived from the magma
chamber underlying the caldera, migrated along subsidence structures and
locally deposited minerals enriched in gold, silver, copper, fluorine,
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mercury, or uranium in composite veins. The primary minerals included
auri-argentiferous pyrite, cinnabar, galena, uraniferous opal, and uraniferous
purple fluorite. Secondary minerals include chalcocite, chrysocolla,
malachite, cerargyrite, limonite, manganese oxide, uranophane, and autunite.
Gangue minerals are quartz and calcite. Many of these mineral species are
considered by Pilcher (1978) to be characteristic of pneumatogenic uranium
occurrences. Mineralogy of the hydroallogenic occurrences in the Bullfrog
area is not known.

Alteration

Glass in several of the nonwelded tuffs has been diagenetically altered
to zeolite clinoptilolite. Since Katayama and others (1974) report that
zeolites can be effective in adsorbing uranium, these nonwelded tuffs may
locally host uranium minerals. The lithoidal welded tuffs are predominantly
devitrified, and spherulitic intergrowths of cristobalite or quartz and
sanidine are present. Vapor-phase alteration, as characterized by
cristobalite, tridymite, and sanidine in pore spaces, is locally intense in
the upper portions of densely welded zones (Cornwall and Kleinhampl, 1964).
Silicification, opalization, and argillation can be seen in ash-flow and
air-fall units on or near the ring-fracture zone on the caldera margin. These
alteration features are characteristic of most types of volcanogenic uranium
deposits (Pilcher, 1978). A small bentonite deposit occurs along a subsidence
zone that extends eastward from the caldera. The bentonitic clay has been

shown by X-ray analyses to be nearly pure montmorillonite and was formed from
the hydrothermal alteration of densely welded and nonwelded ash-flow tuffs
(Cornwall and Kleinhampl, 1964). Langmuir (1977) reports that montmorillonite

is more effective than kaolinite in adsorbing uranium. He suggests, however,
that clays are relatively unimportant as uranium concentrators. Clays in the
intracaldera sediments of the Bullfrog caldera have locally adsorbed uranium

at concentrations exceeding 100 ppm, but no substantial quantities of uranium
have been observed in the clays to date.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 50 rock and on 50
drill-cutting samples from 15 drill holes. The chemical-uranium values ranged
from 1 ppm to 1,392 ppm in the rock samples and from 3 ppm to 114 ppm in the
drill cuttings. The rock sample (MET-507) with the highest chemical-uranium
content (1,392 ppm) is a rhyolitic ash-flow tuff that was brecciated,
silicified, and mineralized with uraniferous opal. This sample was collected
at the Black Bart prospect, which is on the ring-fracture zone of the caldera.
The drill-cutting sample with the highest chemical-uranium content (MET-626,
114 ppm) is a tuffaceous clay associated with iron oxides. This sample is
from a hole drilled in the intracaldera sediments south of the Black Bart
prospect. Garside (1973) reports U3 08 values of 0.024% at the Black Bart
prospect, 0.021% U308 at the National Bank group, and 0.02% U308 at
the Beatty Fluorspar Mine. These uranium analyses indicate that the rhyolite
ash flows and the intracaldera sediments locally exceed the minimum grade
requirement (100 ppm) for a "favorable" classification.

21



Cornwall and Kleinhampl (1964) report whole-rock analyses for nine
rhyolites, two latites, and two basalts collected at the Bullfrog Hills
caldera. The majority of the rhyolites have high weight percentages of
Si02 , Na20, and K20; they have low weight percentages of A1 203 ,

Fe203 , FeO, MgO, CaO, TiO2, P205 , and MnO when compared to Daly's
(1933) averages for comparable rock types. The rhyolites fall in the field of
silica-oversaturated rocks on the silica--differentiation index (D.I.) diagram
of Thornton and Tuttle (1960). The latites have high weight percentages of
Si02 , Fe203 , Na20, K20, TiO2 , and P205; they have low weight
percentages of FeO, MgO, and CaO when compared to Daly's average. The latites

fall in the field of silica-saturated rocks on the silica-D.I. diagram.
Pilcher (1978) and many others consider high Si02 , Na20, and K20 and low
MgO and CaO to be characteristic of volcanogenic uranium environments.

The rhyolites and latites of the Bullfrog area exhibit these criteria.
The basalts have high weight percentages of Fe203 , K20, TiO2, and

P205 and low weight percentages of FeO and MnO when compared to Daly's
averages for comparable rock types. The quartz basalt falls in the field of
silica-oversaturated rocks on the silica-D.I. diagram, and the basalt falls in
the silica-undersaturated field on the same diagram. Because the basalts do
not exhibit Pilcher's criteria for favorable major-oxide chemistry, they are
considered to be unfavorable hosts for uranium deposits. All the rhyolites
are subalkaline, but the agpaitic coefficients range from 0.49 to 0.92.
Approximately 80% of the samples have agpaitic coefficients >0.85. The D.I.
of the rhyolites is from 75 to 96, and most of the samples fall in the
expected compositional range of felsic igneous rocks. The latites are
subalkaline, and their agpaitic coefficients are 0.67 and 0.76. The D.I. of
the latites is 73 and 81, which falls in the expected compositional range of
felsic igneous rocks. The basalts are subalkaline, and their agpaitic
coefficients are 0.29 and 0.62. The D.I. of the basalts is 35 and 63, which
falls in the expected compositional ranges for mafic and intermediate igneous
rocks, respectively.

The SiO2 , Na20, and K20 values increase with increasing D.I., and
the CaO, MgO, T102 , and FeO + Fe203 values decrease with increasing
D.I., which indicates a normal differentiation trend. Pilcher (1978) reports

that most volcanogenic uranium deposits are associated with rocks that are
highly differentiated and are peralkaline. None of the rocks in the Bullfrog
area are peralkaline, but some rhyolites are highly differentiated. Six
springs in the Bullfrog Hills caldera were sampled and analyzed for uranium.
The chemical-uranium values range from 3 ppb to 5.5 ppb. These values are
greater than the 0.05-1 ppb range that Hawkes and Webb (1962) report as
average for fresh water; however, values this high are commonly obtained from
water in the Basin and Range Province.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were obtained
for 50 rock and for 50 drill-cutting samples. The rock samples and the drill
cuttings (all rhyolitic in composition) are high (>4x b.g.) in uranium,
silver, arsenic, boron, and molybdenum; they are anomalously low (<0.25x b.g.)
in niobium, when compared with Vinogradov's (1956) averages for acidic rocks
(App. B). Samples collected from unmineralized rhyolite ash flows at the
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McDermitt Caldera by Rytuba and Glanzman (1978) and Greene (1976) are
anomalously high (>4x b.g.) in uranium, boron, mercury, lithium, yttrium, and
ytterbium; but they are low (<0.25x b.g.) in barium, copper, nickel, tin,
strontium, and vanadium when compared to Vinogradov's averages. Apparently,
the similarity in trace elements between unmineralized rhyolites at both
localities is high uranium and boron content. The highest chemical-uranium
value (1,392 ppm) from the Bullfrog Hills caldera is from a rhyolite (MET-507)
that also contains more vanadium than does any other Bullfrog sample. When

compared with Vinogradov's averages, this sample contains anomalous (>4x b.g.)
concentrations of uranium, silver, boron, and molybdenum; and low (<0.25x
b.g.) concentrations of lithium and zirconium. Rytuba and Glanzman report
that uranium deposits associated with the McDermitt Caldera contain high
concentrations of arsenic, beryllium, mercury, molybdenum, and antimony.
Therefore, mineralized rhyolites at the Bullfrog Hills and McDermitt calderas
contain high uranium, boron, and molybdenum. However, these comparisons are
based on a very limited sample population and may not be valid representations
of either environment. Analytical data indicate that mineralized rhyolites
from the Nopal Mine #1, Pena Blanca district, Chihuahua, Mexico, contain
anomalous concentrations (>4x b.g.) of uranium, mercury, bismuth, molybdenum,
and lead when compared to Vinogradov's averages. These rhyolites also contain
a low value (<0.25x b.g.) for beryllium. The obvious similarity in
trace-element content between Pena Blanca rhyolites and Bullfrog Hills caldera
rhyolites is high concentrations of uranium and molybdenum. The highest
chemical-uranium value (114 ppm) in the Bullfrog drill cuttings is from a
tuffaceous clay (MET-626) in the intracaldera sediments that is also
anomalously high (>4x b.g.) in silver, arsenic, boron, molybdenum, and lead
and low (<0.25x b.g.) in barium, calcium, lithium; sodium, niobium, and
zirconium when compared with Vinogradov's averages. These sediments are
extremely depleted in lithium; whereas, Rytuba and Glanzman (1978) report
concentrations (to 0.68%) of lithium in the tuffaceous moat sediments of the
McDermitt caldera. Cornwall and Kleinhampl (1964) report lanthanum values of
110 ppm and 120 ppm, respectively, for a basalt and latite from the Bullfrog

caldera. These values are considerably higher than the value (27 ppm)
considered by Hawkes and Webb (1962) to be average for mafic igneous rocks.
Because these rocks are considered less favorable than rhyolites (because of
low differentiation indices and agpaitic coefficients), lanthanum may be

useful as a negative indicator for uranium in stream silt sediments in the
Bullfrog Hills area. Cornwall and Kleinhampl also report fluorine values of

300-800 ppm in Bullfrog rhyolites, but most samples have lower fluorine values
than the 800-ppm cutoff considered by Hawkes and Webb to be average for felsic
igneous rocks. Basalt and latite samples that contain 1,000 ppm and 1,500
ppm, respectively, are reported by Cornwall and Kleinhampl. These values are
considerably higher than the value (370 ppm) Hawkes and Webb report as average
for mafic igneous rocks. None of the samples collected by Cornwall and
Kleinhampl are uraniferous. For purposes of comparison, uraniferous alkali
rhyolites from the Thomas Range, Utah, contain up to 7,700 ppm fluorine
(Lindsey, 1979). Fluorspar in pipes at Spor Mountain, Utah, contains up to
2,000 ppm U308 according to Lindsey. Purple fluorite in pneumatogenic
veins and pipes related to the Bullfrog Hills caldera contains up to 200 ppm
uranium (Garside, 1973). Fluorine is considered to be an important element in
uraniferous veins associated with the Bullfrog Hills caldera. However,
caution must be used in the interpretation of fluorine geochemical anomalies:
they simply might reflect mafic rocks enriched in fluorine rather than
indicating fluorite veins.
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Radiometric Data

Detailed surface scintillometer readings taken during this study range
from 130 cps to 6,000 cps. The highest readings are from the Black Bart
prospect; here, uraniferous opal is present in surface outcrops. Field
gamma-ray spectrometric measurements (App. E) were made on rhyolites at 41
rock-sample locations. The range of values for potassium, equivalent uranium,
and equivalent thorium is 1-15%, 4-867 ppm, and 15-101 ppm, respectively. The
highest readings were obtained from the areas with the highest concentrations
of chemical uranium, and the range of values suggests that enrichment in
uranium and equivalent thorium has occurred only locally. The
thorium-to-uranium ratios are from 0.10 to 13; 73% of the sample population
have ratios in the 3-to-5 range, which Adams and others (1959) report as
average for silicic extrusive rocks. Approximately 15% of the samples have
ratios lower than this range, and 12% have ratios higher than average. These
ratios suggest that little chemical uranium has been removed from the rocks.

Radiometric logs were obtained from private industry for 22 drill holes
in the rhyolite rocks and interbedded sediments. The highest total-gamma
measurement is approximately 500 cps, but in most holes the measurements were
200 cps, which indicates that uranium is very locally enriched.

Geometry and Size

The rhyolitic ash flows near the ring-fracture zone along the caldera
margin locally contain uranium minerals in steeply dipping siliceous,
brecciated veins. These veins range from a few centimeters to 30 m in width
and exceed 180 m in depth (Kral, 1951). Uraniferous purple fluorite occurs in
veins, pipes, and tabular bodies at the Beatty Fluorspar Mine (Garside, 1973).
Some of the tabular bodies exceed 100 m in length and 75 m in depth (Garside).
According to Cornwall and Kleinhampl (1964), 118,000 short tons of ore were
shipped from the Daisy (Beatty) Fluorspar Mine through 1961. These ores
averaged 75% CaF2 , and most of this was fine-grained, purple fluorite that

ranged from 0.007% to 0.02% U308 . The 100-ton minimum requirement for a
"favorable" classification can probably be met in Area C; however, the Beatty
Fluorspar Mine production does not meet this requirement.

ENVIRONMENTS UNFAVORABLE FOR URANIUM DEPOSITS

The plutonic rocks of Mesozoic age fail to meet the criteria for
favorable plutonic igneous environments. The sedimentary rocks of
Precambrian, Paleozoic, Mesozoic, and Tertiary ages, except those in Area A,
fail to meet the criteria for all classes of favorable sedimentary

environments. The metamorphic rocks of Precambrian and Mesozoic ages, except
those in Area B, fail to meet the criteria for favorable metamorphic
environments. And, the volcanic rocks of Tertiary age, except those in Area
C, fail to meet the criteria for all classes of favorable volcanogenic
environments.
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HUNTER MOUNTAIN BATHOLITH

The Hunter Mountain batholith and its satellite intrusive bodies, the
Darwin stock, Osborne Canyon stock, Talc City Hills stock, Zinc Hill stock,
Paiute Monument pluton, Santa Rosa pluton, and Kern Knob pluton, are
considered to be unfavorable for uranium deposits because they do not exhibit
criteria considered by Mathews (1978) to be characteristic of uranium deposits
in plutonic rocks. Although they have been locally prospected for uranium,
not enough positive geologic data exists to suggest that uranium has or could
be concentrated in the required grades and tonnage necessary for a favorable
classification. The Kern Knob pluton is the most favorable of any pluton
examined, but there is no evidence of uranium concentration. Detailed
structural, petrologic, chemical, mineralogical, and radiometric data are
provided in the following pages for each satellite intrusion in order to
substantiate the unfavorable classification.

Name, Distribution, Correlation, Age

The batholith of Hunter Mountain (termed the Hunter Mountain Quartz
Monzonite; McAllister, 1956) underlies an area of approximately 322 km2 on
the Ubehebe Peak, Marble Canyon, Darwin, and Panamint Butte 15' quadrangles.
However, only 56 km2 were evaluated because of restricted access, lack of
exposed outcrops, and lack of subsurface data. The Hunter Mountain batholith

has been described in detail by McAllister (1956), Hall and MacKevett (1958,
1962), Ross (1969), Burchfiel (1969), and others. The stocks of the Darwin

Hills, Osborne Canyon, Talc City Hills, and Zinc Hill are considered to be
related to the Hunter Mountain batholith (Hall and MacKevett, 1958; Hall and

Stephens, 1963). Ross (1969) suggests that the Paiute Monument pluton may be
genetically related to the Hunter Mountain Quartz Monzonite. The small
intrusive masses in the southern Santa Rosa Hills (referred to in this report
as the Santa Rosa pluton) are considered to be satellite bodies of the main
Hunter Mountain Quartz Monzonite by Hall and MacKevett (1958) and by Ross
(1969). A minimum age of Early Jurassic is reported by Ross (1969) for the
Hunter Mountain Quartz Monzonite.

Structural Features

The most noticeable characteristic of the Hunter Mountain batholith is
the lack of foliation and lineation. McAllister (1956) and Ross (1969) report
that portions of the Hunter Mountain batholith were forcibly intruded;
whereas, others were more passive and assimilated the sedimentary wall rocks.
This local assimilation has resulted in the heterogeneity of the batholith.
The lack of significant structures that would allow uranium-enriched residual
fractions to migrate during the late stages of magmatic crystallization
indicates that the Hunter Mountain batholith is not favorable for large
concentrations of uranium minerals. The structural setting is similar to that
of the non-economic, orthomagmatic class (Class 310; Mathews, 1978).

Lithology and Petrography

Complete semiquantitative modal analyses (App. D) were determined for 21
rock samples. The most characteristic rock type is a light gray, fine- to
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coarse-grained, biotite-hornblende quartz monzonite. The essential minerals
are plagioclase (18-44%), potassium feldspar (21-38%), and quartz (16-42%).
The dark minerals include hornblende (tr.-13%) and biotite/chlorite (tr.-8%).
The volume percentage of opaque minerals ranges from 2% to 4%. Common
accessory minerals include titanite (1-3%), apatite (tr.-1%), epidote
(tr.-1%), zircon (tr.-1%), monazite (tr.-1%), muscovite (tr.-1%), and
tourmaline (tr.-1%). Allanite, rutile, sericite, limonite, and pyroxene are
locally abundant. The samples with the highest uranium content (<14 ppm) are
fine- to coarse-grained quartz monzonites (MET-084, -098, -100) that contain
titanite (to 3%), monazite (to 1%), and zircon (tr.) as radioactive accessory
minerals. Titanite occurs as scattered euhedra or as fine-grained, irregular,
interstitial grains that cause slight pleochroic haloes in associated
hornblende and biotite. Zircon occurs as very fine-grained inclusions and
fine-grained subhedra in hornblende and biotite grains that commonly have

radiation haloes. Locally, the zircon grains are zoned and they may cause
radiation fractures in adjacent feldspars. Most uranium in the samples
appears to be held in these accessory minerals. Mathews (1978) considers
acmite (aegirine), riebeckite, fluorite, and sulfides as characteristic
minerals of several classes of uraniferous plutons; but these are
conspicuously absent in the Hunter Mountain samples.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 60 rock samples and 7
heavy-mineral concentrates. The chemical-uranium values range from <1 ppm to
26 ppm in the rock samples and from 2 ppm to 6 ppm in the concentrates. Rock
samples (MET-301 and -302) collected from the main radiometric anomalies, the
Hourglass and Minerva prospects, contain only 7 ppm and 26 ppm chemical
uranium, respectively. In addition, Cupp and Mitchell (1978) report
chemical-uranium values from 2 ppm to 5 ppm in 14 rock samples collected
during their study. These values indicate that the 100-ppm requirement for a
"favorable" classification cannot be met; these values also suggest that
thorium or the rare-earth elements are responsible for the radiometric
anomalies. Rapid-rock analyses were obtained from 25 rock samples (App. B);
the majority of these samples have high weight percentages of A1 2 0 3 ,
Ti02 , MnO, MgO, K20, CaO, P205, FeO, and Fe2 03 when compared to
Daly's (1933) averages for comparable rock types. Although these rocks have
low weight percentages of Si02 , they fall in the field of oversaturated
rocks on the silica-D.I. diagram of Thornton and Tuttle (1960). Mathews
(1978) reports that most uraniferous plutons are characterized by high Si02,
Na20, and K20 values and low CaO and MgO values; consequently, the Hunter

Mountain batholith does not appear to be chemically favorable for generating
uranium deposits. The highest uranium values (>6 ppm) are associated with
rocks that contain high weight percentages of SiO2, A1203 , Ti02, MnO,
K20, CaO, P205 , and FeO and low weight percentages of MgO and Na20.

Therefore, even the most uraniferous samples do not fit Mathews' criteria for
major-oxide chemistry. All the rocks are subalkaline, and the agpaitic
coefficients range from 0.55 to 0.75 (App. B). The differentiation indices
are from 62 to 94 (App. D); 52% of the sample population falls in the
compositional range of felsic igneous rocks fifty-two percent, and 48% falls
in the compositional range of intermediate igneous rocks. Uranium is most
often associated with plutons that are highly differentiated and peralkaline.
Because the Hunter Mountain batholith does not exhibit these criteria and
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lacks chemical uranium concentrations, it is considered to be an unlikely host
for uranium deposits. Approximately 90% of the highest uranium values (>6
ppm) are associated with rocks that are highly differentiated (D.I. >70) and
have agpaitic coefficients greater than 0.60. All of the rock samples are
oversaturated with respect to Si02, and the highest uranium values are
associated with rocks that have the highest degree of oversaturation. The

chemical-uranium values show a positive correlation with weight percentage of

K20 and no correlation with weight percentage of Na20.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were obtained

for 60 rock samples and 7 heavy-mineral concentrates. Unmineralized rock
samples from the Hunter Mountain batholith have higher average concentrations
of aluminum, barium, cobalt, strontium, and titanium than do other plutonic
rock samples in the Death Valley quadrangle (App. B). When compared with
Taylor's (1964) averages for comparable rock types, these samples are
anomalously high (>4x b.g.) in silver, arsenic, boron, cobalt, chromium,
molybdenum, nickel, lead, antimony, tin, vanadium, and zinc and low (<0.25x
b.g.) in niobium and zirconium (App. B). The highest uranium value (26 ppm)
was obtained from a pegmatitic quartz vein (MET-302) at the Minerva prospect.
This rock contains the highest values of calcium, cobalt, chromium, iron,
lanthanum, manganese, nickel, tin, vanadium, yttrium, and zirconium of any
Hunter Mountain sample. Heavy-mineral concentrates are higher in aluminum,
barium, cobalt, lanthanum, sodium, nickel, tin, vanadium, and tungsten; and
these samples are lower in copper, manganese, niobium, antimony, zinc, and
zirconium when compared to the other heavy-mineral concentrates collected in
the Death Valley quadrangle (App. B). The trace-element geochemistry of the
Hunter Mountain batholith does not fit Mathews' (1978) trace-element criteria
for uraniferous plutons, and the rocks are obviously not enriched in uranium.
However, the anomalously high elements in the batholith correspond remarkably
well to the elements associated with base-metal replacement deposits and veins
in the nearby Paleozoic sedimentary rocks. This similarity suggests that

mineralized hydrothermal solutions from the magma of the Hunter Mountain
batholith migrated along structures and deposited base and precious metals in
permeable and chemically reactive host rocks.

Radiometric Data

Detailed surface scintillometer readings taken during this study and by
Cupp and Mitchell (1978) range from 100 cps to 1,200 cps. The highest
readings are from the Minerva (1,200 cps) and the Hourglass (800 cps)
prospects and reflect concentrations of thorium and rare-earth elements in
allanite-bearing pegmatites. Field gamma-ray spectrometric measurements (App.
E) were made on granite rocks at 33 rock-sample locations. Values for
potassium, equivalent uranium, and equivalent thorium range from 4% to 7%, 4
ppm to 15 ppm, and 15 ppm to 60 ppm, respectively. These values indicate that
no significant enrichment in equivalent uranium or equivalent thorium has
occurred. The thorium-to-uranium ratios are from 2 to 9, and approximately
80% of the samples have values of <5. This indicates that very little, if
any, uranium has been leached from the rocks when compared to the 3-to-4 range
considered by Adams and others (1959) to be average for silicic intrusive
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rocks. Cupp and Mitchell (1978) provided laboratory gamma-ray spectrometric
data for 14 rock samples collected during their study of the Hunter Mountain
batholith. The range of values for potassium, equivalent uranium, and
equivalent thorium in these samples is 0-5%, 1-8 ppm, and 1-34 ppm,
respectively; this range indicates a lack of enrichment in equivalent uranium
or equivalent thorium. The thorium-to-uranium ratios are from 0.4 to 8, and
approximately 80% of the samples have values >5, which indicates slight to
moderate depletion of uranium when compared with the average by Adams and
others. The equivalent-uranium to chemical-uranium ratios are from 0.5 to 2.
Approximately 57% of the sample population are in equilibrium, 29% are out of
equilibrium in favor of chemical uranium, and 14% are out of equilibrium in
favor of equivalent uranium. These combined radiometric data indicate that
the Hunter Mountain batholith is not favorable for concentrations of uranium
and is not suitable as a source rock.

DARWIN STOCK AND VICINITY
Name, Distribution, Correlation, Age

The stocks of the Talc City Hills, Darwin Hills, Zinc Hill, Osborne
Canyon, and the small hills west of Darwin, California, are grouped in the as
the Darwin stock and vicinity. These intrusive masses underlie approximately
50 km2 and are exposed on the Darwin and Panamint Butte 15' quadrangles.
The rocks have been described in detail by Hall and MacKevett (1958), Hall and
Stephens (1963), and others. Hall and MacKevett suggest that these intrusions
are satellite bodies of the Hunter Mountain Quartz Monzonite, which is
considered to be Early Jurassic in age. This suggestion is supported by
concordant uranium-lead ages obtained from Darwin stock zircons (Chen and
Moore, 1979) that are correlative with potassium-argon dates for Hunter
Mountain hornblendes (Ross, 1969).

Structural Features

Evidence of both passive and forcible intrusion can be seen in the stocks
in the Darwin vicinity. The sedimentary rocks adjacent to the intrusive
contacts are locally highly contorted and sometimes occur as xenoliths in the
intrusive rocks. Both concordant and discordant intrusions are present. This
structural setting is similar to uraniferous plutons described by Mathews
(1978) and includes orthomagmatic occurrences (Class 310) and magmatic-

hydrothermal occurrences (Class 330).

Lithology and Petrography

Complete semiquantitative modal analyses (App. D) were determined for
four rock samples. The most characteristic rock type in the Darwin stock is a
biotite-hornblende quartz monzonite (Hall and MacKevett, 1958). The essential

minerals are quartz, potassium feldspar, and plagioclase. The mafic minerals
include biotite and hornblende. Minor accessory minerals include titanite,
apatite, magnetite, epidote, zircon, and tourmaline. Acmite (aegirine),
riebeckite, fluorite, and sulfides were not observed in the samples from the
Darwin stock, and Mathews (1978) considers these important criteria for
uraniferous plutons. Hall and MacKevett (1958) describe a leucocratic quartz
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monzonite as the most common rock type present in the stocks at the Talc City
Hills, Zinc Hill, and in Osborne Canyon. The essential minerals are quartz,
plagioclase, and orthoclase. Mafic minerals include biotite and minor
hornblende. Allanite, apatite, magnetite, pyrite, titanite, and tourmaline
occur as accessory minerals. Although pyrite was observed, sodic amphiboles
and pyroxenes, and fluorite were conspicuously absent; this absence suggests
that these stocks do not meet Mathews' criteria for plutonic uranium deposits.
The highest uranium value (8 ppm) from the Darwin stock was obtained from a
granite (MET-002) that contains titanite (1%) and zircon (1%). No anomalous
values were obtained from the leucocratic quartz monzonite in the Talc City
Hills. The leucocratic quartz monzonite of the Zinc Hill stock is apparently
the source of local radioactive, zinc-bearing vein material at the Zinc Hill,
Wynog, and Empress Mines. The leucocratic quartz monzonite of Osborne Canyon
is also apparently the source of locally radioactive vein minerals at a few
small prospects.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 25 rock samples and 9
heavy-mineral concentrates collected from the stocks at the Talc City Hills,
Darwin Hills, and Zinc Hill. The chemical uranium values ranged from (1 ppm
to 1,580 ppm in the rock samples and from 2 to 5 ppm in the concentrates. Two
samples (MET-308 and -309) of oxidized zinc ore collected from the Zinc Hill
Mine contain 937 ppm and 1,580 ppm, respectively. These samples are from a
hydrothermal vein that is probably genetically related to the stock at Zinc
Hill; they indicate that the 100-ppm grade requirement for a "favorable"
classification has been exceeded. However, the uranium minerals are so

locally distributed in the veins that the 100-ton requirement cannot be met,
and vein material cannot average 100 ppm. Hall and Stephens (1963) report a
chemical uranium value of 0.329% from a mineralized vein in Paleozoic
carbonates at the Golden Nugget prospect in Osborne Canyon. The source of the
uranium is probably the nearby stock. The distribution and size of the
uranium concentrations are similar to those at Zinc Hill, which indicates that
the grade and tonnage requirements for favorability cannot be met. Cupp and
Mitchell (1978) report chemical-uranium values from 2 ppm to 4 ppm in 11 rock
samples collected from the stocks at the Talc City Hills, Darwin Hills, and
Osborne Canyon. These values indicate that the stocks are not enriched in
uranium. Rapid-rock analyses (App. B) were obtained from eight rock samples
collected from the stocks at the Talc City Hills and Darwin Hills. The
majority of these samples have high weight percentages of A1 203 and K20,
and they have low weight percentages of S10 2, Ti02 , MnO, MgO, Na20, CaO,

P205 , and Fe203 when compared to Daly's (1933) averages for comparable
rock types. Although these rocks have low weight percentages of SiO2, they
fall in the field of silica-oversaturated rocks on the silica-D.I. diagram of
Thornton and Tuttle (1960). The highest uranium values (>6 ppm) from rock
samples collected from the Talc City and Darwin stocks are associated with
high Al203, K20, and FeO and low Si0 2, MnO, and P205 when compared

with Daly's averages. The major-oxide chemistry of these stocks indicates
that they are not characterized by high Si02 or Na20 and low CaO and MgO,
criteria that Mathews (1978) reports for most uraniferous plutons. All the
rocks are subalkaline, but the agpaitic coefficients are from 0.56 to 0.79
(App. B). The differentiation indices range from 75 to 97 (App. D), and
lithologic composition falls in the expected range of felsic igneous rocks.
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Because most uraniferous plutons are highly differentiated and are
peralkaline, the stocks at Talc City and Darwin not considered favorable as
hosts for uranium deposits. Although there are too few samples to represent a
statistically valid population, there appears to be a positive correlation
between chemical uranium values in these stocks and weight percent K20.
There is no apparent correlation between chemical uranium and weight

percentages of Si02 , CaO, MgO, Na20 and total iron (FeO + Fe203).

Minor-Element Geochemistry
Semiquantitative emission-spectrographic analyses (App. B) were run on 25

rock samples and 9 heavy-mineral concentrates. Rock samples from the stocks
in the Darwin vicinity have higher average concentrations of lanthanum and
lower average concentrations of lithium, niobium, and strontium than other
plutonic rocks collected in the Death Valley quadrangle (App. B). When
compared with Taylor's (1964) averages for comparable rocks, these samples are
anomalously high (>4x b.g.) in silver, arsenic, boron, cobalt, chromium,
molybdenum, nickel, lead, antimony, tin, tungsten, and zinc, and they are low
(<0.25x b.g.) in niobium and zirconium (App. B). The highest uranium value
(1,580 ppm) is from oxidized vein material (MET-309) from the Zinc Hill Mine;
this sample is also enriched in cobalt, copper, molybdenum, nickel, tungsten,
and zinc. The heavy-mineral concentrates are higher in silver, boron,
calcium, chromium, copper, molybdenum, nickel, lead, antimony, strontium,
tungsten, and zinc; and these samples are lower in aluminum, beryllium,
sodium, niobium, antimony, and yttrium when compared to other heavy-mineral
samples collected in the Death Valley quadrangle (App. B). The trace-element
geochemistry of these stocks is nearly identical to that of the Hunter
Mountain batholith, which further supports the suggestion by Hall and

MacKevett (1958) that these stocks are genetically related to the Hunter
Mountain batholith. Although they have generated mineralized veins that are

locally anomalous, the stocks are not enriched in uranium and do not exhibit
trace-element characteristics that Mathews (1978) considers typical of
uraniferous plutons. As in the Hunter Mountain batholith, the trace-element
geochemistry indicates that the stocks are genetically responsible for the
base- and precious-metal deposits in the vicinity.

Radiometric Data

Detailed surface scintillometer readings taken during this study and by
Cupp and Mitchell (1978) vary from 100 cps to 3,500 -cps. The highest readings
are from the Zinc Hill prospect, which contains anomalous amounts of chemical
uranium. Field gamma-ray spectrometric measurements (App. E) were made on
granitic rocks at eight rock-sample locations. The values for potassium,
equivalent uranium, and equivalent thorium range from 4% to 7%, 2 ppm to 6
ppm, and 12 ppm to 29 ppm, respectively. This value range indicates that no
enrichment in equivalent uranium or thorium has occurred. The thorium to
uranium ratios are from 4 to 10, and approximately 75% of the samples have
values >4. These ratios indicate a slight to moderate depletion in uranium
when compared to the 3-to-4 range considered to be average for silicic
intrusive rocks by Adams and others (1959). Cupp and Mitchell provide
laboratory gamma-ray spectrometric data for 10 rock samples collected from
stocks at the Talc City Hills, Darwin Hills, and Osborne Canyon. The values
for potassium, equivalent uranium, and equivalent thorium in these samples
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range to approximately 4%, 1 ppm to 3 ppm, and 9 ppm to 14 ppm, respectively,
which suggests that equivalent uranium and equivalent thorium have not been
concentrated. The thorium-to-uranium ratios are from 5 to 13, which indicates
moderate uranium depletion in all of the samples.- These ratios imply that the
stocks in the Darwin vicinity might be potential source rocks for allogenic
uranium occurrences. Drainage from these areas is into the Panamint Valley,
which represents an excellent exploration target. This basin is unevaluated
in this study because of a lack of subsurface data. The equivalent-uranium to
chemical-uranium ratios in the stocks are from 0.5 to 1.0. Approximately 60%
of the samples are in equilibrium, and approximately 40% are out of

equilibrium in favor of chemical uranium.

PAIUTE MONUMENT PLUTON

Name, Distribution, Correlation, Age

The Paiute Monument pluton (termed the Paiute Monument Quartz Monzonite
by Ross, 1969) underlies an area of approximately 72 km 2; however, only 48
km2 are exposed in outcrop on the Death Valley quadrangle. The portion of
the pluton in the study area occurs on the Waucoba Wash 15' quadrangle. These
rocks have been described in detail by Ross (1969), who considers them to be
genetically related to the Hunter Mountain batholith. A Middle Jurassic age
is suggested by Ross for the Paiute Monument pluton.

Structural Features

Ross (1969) studied the Paiute Monument pluton in detail and found no
discernible foliation or lineation. This lack of obvious structural
deformation suggests that any residual fluids enriched in uranium would not be
able to migrate. Therefore, this structural setting is considered similar to
that described by Mathews (1978) for the orthomagmatic class (Class 310) of
uranium occurrences.

Lithology and Petrography

A complete semiquantitative modal analysis (App. D) was obtained for only
one rock sample (MET-078). However, these data were compared to modal data
provided by Ross (1969) for 58 stained rock slabs and 9 thin sections. The
most characteristic rock type is a light-gray to pink coarse-grained quartz
monzonite. The essential minerals are plagioclase (22-48%), potassium
feldspar (20-47%), and quartz (13-43%). Mafic minerals (predominantly biotite
and hornblende) constitute 3-12% of the rock. Common accessory minerals
include titanite, zircon, apatite, magnetite, and epidote. Monazite and
allanite occur locally. The sample with the highest uranium content (9 ppm)
is a fine- to coarse-grained quartz monzonite (MET-078) that contains titanite
(1%), allanite (tr.), zircon (tr.), and monazite (tr.?). Titanite occurs as
fine-grained scattered euhedra and subhedra associated with biotite, chlorite,
and clusters of opaque minerals. Zircon and monazite(?) occur as fine-grained
euhedral-to-subhedral inclusions that cause pleochroic haloes in biotite.
Allanite occurs as fine-grained subhedral inclusions in chlorite. Ross (1969)
reports the occurrences of intensely pleochroic allanite crystals in many rock
samples collected during his study. Mathews (1978) considers fluorite,
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sulfides, acmite (aegirine), and riebeckite as common associations in
uraniferous plutons; but these minerals were not observed in rock samples of
this pluton. The minor amount of uranium present is apparently held in
radioactive accessory minerals such as allanite, zircon, and monazite.

Chemical Data

Fluorometric-uranium analyses (App. B) were run for six rock samples.
The chemical-uranium values range from 1 ppm to 9 ppm. Cupp and Mitchell
(1978) report a value of 3 ppm for two rocks collected during their study.
These values indicate that the 100-ppm grade requirement necessary for a
"favorable" classification is not met. Rapid-rock analyses (App. B) were
obtained for four rock samples. Most of these samples have high weight
percentages of SiO2, MnO, K20, and FeO; they have low weight percentages
of Al203, MgO, Na20, CaO, P205, and Fe203 when compared to
Daly's (1933) averages for comparable rock types. All of the Si02 values
fall in the oversaturated field on the silica-D.I. diagram of Thornton and
Tuttle (1960). The highest uranium values (>7 ppm) are associated with rocks
that contain high weight percentages of SiO2, K20, and FeO, with low

weight percentages of Al203 , MgO, CaO, P205, and Fe203 when
compared with Daly's averages. Although the pluton contains high SiO2 and
K20 and low CaO and MgO (considered as favorable criteria for uraniferous
plutons by Mathews), the Na20 content is conspicuously low. All the rocks
are subalkaline, and the agpaitic coefficients are from 0.66 to 0.68 (App. B).
The differentiation indices range from 80 to 84 (App. D) and are within the
range of felsic igneous rocks. Two samples collected by Ross (1969) have
agpaitic coefficients of 0.71 and 0.73; they have differentiation indices of
85 and 86. Because most uraniferous plutons are highly differentiated and
peralkaline, the Paiute Monument pluton is considered to be unfavorable on the
basis of these chemical criteria and on the lack of chemical uranium.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were run on
six rock samples. Samples from the Paiute Monument pluton are lower in
aluminum, arsenic, chromium, copper, molybdenum, nickel, lead, antimony, tin,
and zinc than are other unmineralized plutonic rocks collected in the Death
Valley quadrangle (App. B). When compared with Taylor's (1964) averages for
comparable rock types, these samples are anomalously high (>4x b.g.) in
silver, arsenic, cobalt, nickel, and antimony; and they are low (<0.25x b.g.)
in niobium, yttrium, and zirconium (App. B). Two samples collected by Ross
(1969) from another portion of the pluton are higher in barium, niobium,

nickel, scandium, strontium, yttrium, and zirconium; they are lower in
beryllium, cobalt, chromium, copper, lead, tin, and vanadium than are Paiute
Monument samples collected during this study. The highest uranium value (9
ppm) is from a quartz monzonite (MET-078) that also contains the highest
niobium and zirconium values of any Paiute Monument samples. These
trace-element data closely resemble those of the Hunter Mountain batholith but
do not fit the trace-element criteria provided by Mathews (1978) for
uraniferous plutons.
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Radiometric Data

Detailed surface scintillometer readings taken during this study and by

Cupp and Mitchell (1978) vary from 110 cps to 210 cps. Field gamma-ray
spectrometric measurements (App. E) were made on granitic rocks at six
rock-sample locations. The values for potassium, equivalent uranium, and
equivalent thorium range from 3% to 5%, 2 ppm to 4 ppm, and 14 ppm to 20 ppm,
respectively; this indicates that no enrichment in equivalent uranium or
thorium has occurred. The thorium-to-uranium ratios are from 3 to 8. These
ratios indicate that slight to moderate depletion of uranium has occurred in
the rocks sampled when compared to the 3-to-4 range considered by Adams and
others (1959) to be average for silicic intrusive rocks. Cupp and Mitchell
report laboratory gamma-ray spectrometric data for two rock samples collected
during their study. The values of potassium, equivalent uranium, and
equivalent thorium in these samples are 4%, 2 ppm to 3 ppm, and 11 ppm to 14
ppm, respectively; and this indicates a lack of enrichment in these
radioelements. The thorium-to-uranium ratios are from 5 to 6, slightly higher
than the average range of Adams and others. The equivalent-uranium to
chemical-uranium ratios are from 0.7 to 1. One sample is slightly out of
equilibrium in favor of chemical uranium.

SANTA ROSA PLUTON
Name, Distribution, Correlation, Age

The "Santa Rosa pluton" is a term used in this report to describe the

small intrusive masses in the southern Tanta Rosa Hills. These masses
underlie an area of approximately 10 km and are exposed on the Darwin 15'

quadrangle. Hall and MacKevett (1958), Ross (1969), and others have described

these rocks in detail. The intrusions are considered by Hall and MacKevett,
and by Ross, to be satellite bodies of the main Hunter Mountain batholith,
which is Early Jurassic in age.

Structural Features

Hall and MacKevett (1958) suggest that the Santa Rosa pluton is probably
a flat-lying concordant intrusion, as evidenced by gently dipping flow
structures. Major structural elements that are generally present in
uraniferous plutons (such as permeable faults and fissures) are noticeably
absent in this pluton. The structural setting is similar to that described by
Mathews (1978) for orthomagmatic occurrences (Class 310).

Lithology and Petrography

Complete semiquantitative modal analyses (App. D) were determined for 7
rock samples. The most characteristic rock type present in the Santa Rosa
pluton is a light-gray, medium- to coarse-grained biotite-hornblende quartz

monzonite. The essential minerals are potassium feldspar (22-38%),
plagioclase (20-36%), and quartz (19-36%). The dark minerals include
hornblende (0-9%) and biotite/chlorite (0-9%). The volume percentage of

opaque minerals ranges from 1% to 2%.
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Common accessory minerals include muscovite (0-6%), titanite (tr.-1%),
rutile (0-1%), tourmaline (0-1%), epidote (0%-tr.), apatite (0%-tr.), zircon
(0%-tr.), monazite (0%-tr.), and allanite (0%-tr.). The sample with the
highest uranium content (21 ppm) is a fine- to coarse-grained granodiorite
(MET-003) with titanite (1%), alanite (tr.), and zircon (tr.) as radioactive
accessory minerals. Titanite occurs as fine, irregular grains that cause
pleochroic haloes in associated biotite. Allanite occurs as subhedral, zoned
grains that are also associated with biotite. Zircon occurs as fine-grained
scattered euhedra and as minute inclusions in potassium feldspar, quartz, and
biotite. Radioactive haloes are common around these inclusions. Riebeckite,
acmite (aegirine), sulfides, and fluorite were not observed in the Santa Rosa
pluton; and Mathews (1978) considers these to be among important criteria for
uraniferous plutons. What uranium is present is primarily held in radioactive
accessory minerals.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 38 rock samples and 6
heavy-mineral concentrates. The chemical-uranium values range from <1 ppm to
21 ppm in the rock samples and from 3 ppm to 6 ppm in the concentrates. Cupp
and Mitchell (1978) report values of 9 ppm and 13 ppm for two rocks collected
during their study. These values indicate that the 100-ppm grade requirement
for a "favorable" classification cannot be met. Rapid-rock analyses (App. B)
were obtained for 21 rock samples. The majority of these samples have high
weight percentages of A1 203, K20, P205, and FeO; they have low
weight percentages of MgO, Na20, CaO, and Fe203 when compared to Daly's
(1933) averages for comparable rock types. Approximately 50% of the samples
have high Si02 and Ti02 values, and 50% have low Si0 2 and Ti02 values.
The rocks contain average amounts of MnO. Most of the rocks fall in the field
of silica oversaturation on the silica-D.I. diagram of Thornton and Tuttle
(1960). The highest uranium values (>6 ppm) are associated with high weight
percentages of A1203 , T102, MnO, K20, P205, and FeO; these samples
have low weight percentages of MgO, Na2 0, CaO, and Fe2 03 when compared

to Daly's averages. These major oxide data indicate that the Santa Rosa
pluton is not characterized by high SiO2 and Na20 content that are

considered by Mathews (1978) to be important criteria in many classes of
uraniferous plutons. All the rocks are subalkaline, but the agpaitic
coefficients are from 0.40 to 0.77 (App. B). The differentiation indices are
from 46 to 91 (App. D). Approximately 52% of the samples fall in the expected
compositional range of intermediate igneous rocks; whereas, 43% of the samples
fall in the range of felsic igneous rocks. Most uraniferous plutons are
characterized by high agpaitic coefficients (>1) and high differentiation
indices (>90); however, the Santa Rosa pluton does not exhibit these important
criteria. The highest uranium values in the Santa Rosa pluton are associated
with rocks that have high agpaitic coefficients and high differentiation
indices. There is a positive correlation between chemical uranium and weight
percentage of K20; a negative correlation between chemical uranium and total
iron (FeO and Fe203), CaO, and Mg; and no correlation between chemical
uranium and weight percentage of SiO2 in these samples.
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Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were run on 38
rock samples and 6 heavy-mineral concentrates collected during this study.
Samples from the Santa Rosa pluton have higher average concentrations of
beryllium, calcium, copper, iron, manganese, nickel, scandium, tin, vanadium,
tungsten, and zinc than other plutonic rocks collected in the Death Valley
quadrangle (App. B). When compared with Taylor's (1964) averages for
comparable types, these samples are anomalously high (>4x b.g.) in silver,
arsenic, boron, cobalt, chromium, copper, molybdenum, nickel, lead, antimony,
tin, vanadium, tungsten, and zinc; they are anomalously low (<0.25x b.g.) in
niobium and zirconium (App. B). The highest uranium value (21 ppm) is from a
granodiorite (MET-003) that also contains the highest silver, lanthanum,
sodium, antimony, yttrium, and zirconium values of any Santa Rosa sample. The
lanthanum value is higher than that of any other plutonic rock collected for
the Death Valley project. Heavy-mineral concentrates are higher in silver,

aluminum, beryllium, calcium, cobalt, chromium, copper, iron, lanthanum,
manganese, niobium, nickel, antimony, scandium, tin, strontium, titanium,

vanadium, tungsten, zinc, and zirconium; but these samples are lower in
arsenic when compared with other heavy-mineral concentrates collected in the

Death Valley quadrangle (App. B). The trace-element geochemistry of the Santa
Rosa pluton is nearly identical to that of the Hunter Mountain batholith,
which reinforces the opinions of Hall and MacKevett (1958) and Ross (1969)
that these plutons are genetically related. These trace elements do not
resemble those reported by Mathews (1978) as characteristic of uraniferous
plutons.

Radiometric Data

Detailed surface scintillometer readings taken during this study and by
Cupp and Mitchell (1978) vary from 120 cps to 540 cps. The highest readings
are from a granodiorite (MET-003) that contains more chemical uranium (21 ppm)
than any other Santa Rosa sample. Field gamma-ray spectrometric measurements
(App. E) were made on granitic rocks at 9 rock-sample locations. The values
for potassium, equivalent uranium, and equivalent thorium range from 4% to 6%,
8 ppm to 14 ppm, and 29 ppm to 95 ppm, respectively; but this does not
indicate substantial enrichment in equivalent uranium despite the fact that

equivalent-thorium values are higher than normal. The thorium-to-uranium
ratios are from 3 to 7, and 80% of the sample population have values of
approximately 3. These ratios indicate that no uranium depletion has occurred
in the majority of the samples because a ratio of 3 to 4 is considered average
for silicic intrusive rocks (Adams and others, 1959). Cupp and Mitchell
provided laboratory gamma-ray spectrometric data for two rock samples

collected during their study. The potassium, equivalent-uranium, and
equivalent-thorium values in these samples range from 4% to 5%, 9 ppm, 28 to
and 40 ppm, respectively; this also indicates that no enrichment in these
radioelements has occurred. The thorium-to-uranium ratios are 3 and 4,

indicates no uranium depletion when compared to the averages reported by Adams
and others. The equivalent-uranium to chemical-uranium ratios are 0.69 and
1.0; this indicates that one sample is in equilibrium and the other is out of
equilibrium in favor of chemical uranium. These combined radiometric data
indicate that the Santa Rosa pluton is not enriched in uranium and is not a
suitable source for allogenic occurrences.
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KERN KNOB PLUTON
Name, Distribution, Correlation, Age

The term "Kern Knob" is used in this report to describe a small, unnamed
felsic intrusion in secs. 19 and 20, T. 15 S., R. 37 E. on the New York Butte
15' quadrangle. The areal extent of surface outcrops is approximately 6.4
km2 . However, only the western border facies are anomalously high in
uranium, and these occupy an area of approximately 1.6 km2. This pluton is
within 3.2 km of the Pat Keyes pluton (which was unevaluated in this study),
and the two may be genetically related. The Pat Keyes pluton is considered by
Ross (1969) to be a satellite body of the Hunter Mountain batholith and has
been dated as Early Jurassic in age. On the Death Valley 20 geologic map, the
intrusion at Kern Knob is designated as Mesozoic in age.

Structural Features

The anomalous portion of the Kern Knob pluton is small, oval-shaped, and
characterized by highly sheared, locally pegmatitic, felsic phases. A
blastomylonitic texture is apparent in outcrop, and mineral grains are
stretched and sheared in thin section. This indication of extreme structural
deformation suggests that any uranium-rich residual fractions could have
migrated during the late stages of magmatic crystallization that resulted in
uraniferous pegmatites or magmatic hydrothermal veins as described by Mathews
(1978).

Lithology, Petrography, and Mineralogy

Complete semiquantitative modal analyses (App. D) were determined for
four rock samples. Cupp and Mitchell (1978) provided similar analyses for two
rock samples collected during their study. The most characteristic rock type
present is a fine- to coarse-grained granite with potassium feldspar (43-59%),
quartz (29-36%), and plagioclase (10-19%) as essential minerals. Fluorite

(1%) is present in all samples. The accessory minerals include opaque
minerals (tr.-1%), chlorite/clay (tr.), thorite (tr.), zircon (tr.), and
monazite (tr.). Trace amounts of muscovite, biotite/chlorite, apatite,
rutile, and epidote occur locally. Pegmatitic phases contain local amazonite
and beryl as megascopic euhedral crystals. The samples with the highest
uranium content are fine- to very coarse-grained granites (MET-007, -016,
-017) to quartz monzonites (MET-006) with 1% interstitial fluorite and trace
amounts of zircon, thorite, and monazite scattered throughout. Most of the
mineral grains have been stretched and sheared. The thorites and zircons have
metamict cores and have caused radiation fractures in the adjacent feldspars.
Mathews (1978) reports that acmite (aegirine), riebeckite, sulfides, and
fluorite are common constituents of uraniferous plutons. Kern Knob is
characterized by abundant fluorite, but sodic amphiboles and pyroxenes, and
sulfides were not observed. Uranium minerals, hematite, and topaz are also
conspicuously absent but are important criteria for uraniferous pegmatites
(Mathews, 1978).
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Chemical Data

Fluorometric-uranium analyses (App. B) were run on 16 rock samples and 6
heavy-mineral concentrates. The chemical-uranium values range from 3 ppm to
12 ppm in the rock samples and from 1 ppm to 16 ppm in the concentrates. In
addition, Cupp and Mitchell (1978) report values of 20 ppm and 28 ppm for two
rock samples collected during their study. These values indicate that the 100
ppm requirement for a "favorable" classification cannot be met. Rapid-rock

analyses (App. B) were obtained for 16 rock samples. The majority of these
samples have high weight percentages of SiO2, Na20, and K20 when

compared to Daly's (1933) averages for comparable rock types. These rocks
have low weight percentages of A1 203 , Ti02, MnO, MgO, CaO, P205 ,
FeO, and Fe203 . All the sample results plot in the oversaturated field on

the silica-D.I. diagram of Thornton and Tuttle (1960). The highest uranium
values (>10 ppm) are associated with rocks that contain high weight
percentages of SiO2 , Na20, and K2 0 and low weight percentages of
Al203 , TiO2 , MnO, MgO, CaO, P205 , FeO, and Fe203 when compared
with Daly's averages. These major oxide data match those that Mathews (1978)
considers as representative of uranium-bearing plutons. All the rocks are
subalkaline and the agpaitic coefficients are from 0.59 to 0.98 (App. B). The
differentiation indices are from 78 to 98 (App. D), and approximately 60% of
the samples have an index of 95 or greater. The Kern Knob pluton is more
highly differentiated and has higher agpaitic coefficients than any other
pluton studied in the Death Valley Quadrangle. Most uraniferous plutons are
highly differentiated and have agpaitic coefficients >1, and the Kern Knob
pluton has very similar chemical criteria. The highest uranium values are
associated with the most highly differentiated rocks (D.I. >95) and with those
having high agpaitic coefficients (>84). All of these rock-sample results
fall in the silica-oversaturation field, and the highest uranium values are
associated with rocks that have the highest degree of oversaturation. The
chemical uranium values show a positive correlation with weight percentages of
Na20 and K20 and a negative correlation with CaO, total iron (FeO +
Fe203), and MgO. These combined chemical data indicate that although the
Kern Knob pluton is highly differentiated, has high agpaitic coefficients, and
has favorable major oxide content, it has not been enriched in uranium and
must be considered unfavorable.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were run on 16

rock samples and 6 heavy-mineral concentrates. Rock samples from the Kern
Knob pluton have higher average concentrations of silver, arsenic, boron,
lithium, molybdenum, sodium, niobium, lead, antimony, yttrium, and zirconium
and lower average concentrations of barium, calcium, lanthanum, strontium,
titanium, and vanadium than other unmineralized plutonic rock samples
collected in the Death Valley quadrangle (App. B). When compared with
Taylor's (1964) averages for comparable rock types, these samples are

anomalously high (>4x b.g.) in silver, arsenic, boron, cobalt, chromium,
molybdenum, nickel, lead, antimony, and zinc (App. B). The highest uranium
values (12 ppm) were obtained from granites (MET-007, -016, and -017) and a
quartz monzonite (MET-006). Compared with other Kern Knob samples, these
granites are high in silver, boron, beryllium, chromium, copper, iron,
molybdenum, nickel, antimony, tungsten, and zinc; they are lower in strontium.
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The quartz monzonite has the highest arsenic, sodium, and antimony values of
any Kern Knob samples. Heavy-mineral concentrates are higher in lithium,
manganese, niobium, yttrium, and zirconium; these samples are lower in silver,
arsenic, boron, barium, calcium, cobalt, chromium, copper, lanthanum,
molybdenum, nickel, antimony, tin, strontium, titanium, vanadium, and tungsten
when compared to other heavy-mineral samples collected in the Death Valley
quadrangle (App. B). There is a negative correlation between silver, arsenic,
boron, molybdenum, and antimony in the heavy-mineral concentrates and in the
rock samples. These combined trace-element data indicate that the Kern Knob
pluton is remarkably similar to the Hunter Mountain batholith and its
satellite intrusions and, therefore, is probably genetically related. The
trace-element chemistry of Kern Knob is also similar to that considered by

Mathews (1978) to be characteristic of pegmatitic and magmatic-hydrothermal
uranium occurrences.

Radiometric Data

Detailed surface scintillometer readings taken during this study and by

Cupp and Mitchell (1978) are from 160 cps to 700 cps. The highest readings
(700 cps) were taken from the vicinity of an unnamed prospect in sec. 19, T.
15 S., R. 37 E. that contains 28 ppm chemical uranium. Field gamma-ray
spectrometric measurements (App. E) were taken on granitic rocks at 14
rock-sample locations. The range of values for potassium, equivalent uranium,
and equivalent thorium vary from 4% to 5%, 3 ppm to 21 ppm, and 10 ppm to 74
ppm, respectively; this indicates enrichment in equivalent thorium but not
equivalent uranium. The thorium-to-uranium ratios are from 3 to 5, which is
about average for silicic intrusive rocks (Adams and others, 1959).
Laboratory gamma-ray spectrometric data for two rock samples collected by Cupp
and Mitchell indicate the same range of thorium-to-uranium values. The
equivalent-uranium to chemical-uranium ratios for these samples are 0.7 and
0.9, and this indicates a slight enrichment in chemical uranium. These
combined radiometric data show the Kern Knob pluton not to be enriched in
uranium and not a suitable source rock.

PAPOOSE FLAT PLUTON
Name, Distribution, Correlation, Age

The Papoose Flat pluton underlies an area of approximately 128 km 2, but
less than one-fourth of this area is on the Death Valley sheet. The portion
of the pluton in the study area occurs on the Waucoba Wash 15' quadrangle.

These rocks have been described in detail by Sylvester and others (1978),
Nelson and others (1972, 1977), and Ross (1965, 1967, 1969). The Papoose Flat

pluton is considered to be a satellite intrusion of the Sierra Nevada
batholith (Sylvester and others, 1978). Potassium-argon dates on biotites

from the Papoose Flat pluton average approximately 80 m.y. (Ross, 1969;

Sylvester and others, 1978).

Structural Features

Only the southeastern fourth of the pluton is in the study area, and the
observed structures are considerably different from those phases outside this
area. Foliation and lineation are commonly absent in the rocks that were
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sampled. However, the structures of the phases not evaluated are typical of
rocks that have undergone extreme deformation during emplacement and
solidification (Sylvester and others, 1978). The unevaluated environment is
structurally more favorable than the area studied because a lack of

significant structural features indicates that any uranium-enriched residual
fluids could not migrate and subsequently deposit uranium. Therefore, the
portion of the Papoose Flat pluton that was evaluated structurally resembles
the noneconomic orthomagmatic class of uranium occurrences described by
Mathews (1978).

Lithology and Petrography

A complete semiquantitative modal analysis (App. B) was determined for
only one rock sample (MET-075). However, these data were compared to modal
data provided by Ross (1965, 1969) and Sylvester and others (1978). The most
characteristic rock type present is a white to gray, fine- to coarse-grained
biotite quartz monzonite with potassium-feldspar megacrysts. Ross (1965)
reports an average modal composition for 11 samples as follows: plagioclase
(42%), potassium feldspar (19%), quartz (33%), and other constituents (6%).

Sylvester and others report fluorite, allanite, and tourmaline as common
accessory minerals in the border zones. The rock sample with the highest

uranium content (3 ppm) is a quartz monzonite (MET-075) that contains trace
amounts of zircon, allanite, and fluorite. Zircon occurs as fine-grained
euhedral inclusions that cause pleochroic haloes in the surrounding biotite.
Allanite occurs as fine-grained, anhedral-to-subhedral grains associated with
epidote. Fluorite occurs as fine-grained interstitial patches associated with
biotite. Mathews (1978) considers fluorite as an important criterion for
uraniferous plutons, and it is common in the Papoose Flat pluton. However,
acmite (aegirine), riebeckite, and sulfides are also important criteria
(Mathews, 1978), and these are notably absent.

Chemical Data

Fluorometric-uranium analyses (App. B) were run on 5 rock samples. The
chemical uranium values vary from <1 ppm to 3 ppm. Cupp and Mitchell (1978)
report a value of 2 ppm for one rock sample collected during their study, and
Ross (1969) reports that uranium was not found in his rock samples. These
data indicate that the pluton is not enriched in chemical uranium. Rapid-rock
analyses were obtained for three rock samples (App. B). Two samples have
high weight percentages of SiO2, A1 203, and K20; they have low weight
percentages of TiO2 , MnO, MgO, CaO, P205, FeO, and Fe203 when
compared to Daly's (1933) averages for comparable rock types. These samples
fall in the field of oversaturated rocks on the silica-D.I. diagram of
Thornton and Tuttle (1960). Mathews (1978) considers high Si0 2, K20, and

Na20 values and low CaO and MgO values as good criteria for uraniferous
plutons, and the major oxide content of Papoose Flat is similar. However, all

the rocks are subalkaline, and the agpaitic coefficients range from 0.64 to
0.68 (App. B). The differentiation indices are from 84 to 87 (App. D) and

fall in the compositional range of felsic igneous rocks. These low agpaitic

coefficients and differentiation indices indicate a low favorability for
uranium because most uranium-rich plutons are peralkaline and highly
differentiated. Although the number of samples collected is too small to be
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statistically significant, there appears to be a positive correlation between
the chemical uranium values and weight percent Na 20 and a negative
correlation between chemical uranium and K2 0. There is no correlation
between chemical uranium values and weight percent Si02, FeO, Fe2 0 3 ,
CaO, or MgO.

Minor-Element Geochemistry

Semiquantitative emission-spectrographic analyses (App. B) were run on
five rock samples. These rock samples have higher average chromium values and
lower average concentrations of silver, boron, beryllium, cobalt, iron,
manganese, sodium, scandium, strontium, and tungsten than other unmineralized
plutonic rock samples on the Death Valley sheet (App. B). When compared with
Taylor's (1964) averages for comparable rock types, these samples are
anomalously high (>4x b.g.) in arsenic, cobalt, chromium, molybdenum, nickel,
lead, antimony, and tin; they are low (<0.25x b.g.) in niobium, scandium,
yttrium, zirconium, and uranium (App. B). The highest uranium value (3 ppm)
was obtained from a quartz monzonite (MET-075) that also contains the highest
arsenic, calcium, cobalt, lanthanum, manganese, sodium, lead, antimony, and
tin values of any Papoose Flat sample. These combined trace-element data do
not fit the trace-element criteria for uraniferous plutons described by

Mathews (1978).

Radiometric Data

Surface scintillometer readings taken during this study and by Cupp and
Mitchell (1978) range from 100 cps to 150 cps. Cupp and Mitchell provide
laboratory gamma-ray spectrometric data for one rock sample collected during
their study. The sample contains 3% potassium, -1 ppm equivalent uranium, and
11 ppm equivalent thorium, which indicates no radioelement enrichment. The
thorium-to-uranium ratio is 11 and shows a depletion in uranium when compared
to the 3-to-4 range considered by Adams and others (1959) to be average for

silicic intrusive rocks. The equivalent-uranium to chemical-uranium ratio is
1.0; this indicates that the sample is in equilibrium. These combined
radiometric data demonstrate that the Papoose Flat pluton is not enriched in
chemical uranium but may be a good source pluton.

UNFAVORABLE SEDIMENTARY ROCKS

Reconnaissance scintillometer surveys of accessible sedimentary rocks
showed no units with anomalous radioactivity, with the exception of those
considered under the Darwin and Coso areas and those in the Estelle Tunnel
(located in unsurveyed sec. 6, T. 16 S., R. 38 E.) on the New York Butte 15'
quadrangle. The Estelle Tunnel is approximately 2438 m in length and was
driven in limestones and dolomites of Pennsylvanian age as a haulage tunnel
for mines at Cerro Gordo Peak. Radiometric measurements taken on rocks from
either side and above the tunnel are from 200 to 300 cps, but the values drop
to 50 cps several feet from the tunnel. Measurements taken inside the tunnel
vary from 500 cps to 600 cps. Thin-bedded units yield higher readings than
thick-bedded units. The highest readings (2,750 cps) are from air
approximately 10 ft outside the entrance of the tunnel. These high readings
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are presumed to be the result of radioactive gas that is migrating along
fractures in the steeply dipping sediments. Equipment was not available for
the detection of alpha radition; therefore, the amount and type of
radioactivity could not be determined. Geologic observations of sedimentary
rocks in the Death Valley quadrangle did not indicate the presence of
favorable lithologies, reductants, alteration, uranium minerals, or associated
minerals characteristic of uranium deposits in clastic and nonclastic
sediments as described by Austin and D'Andrea (1978) or Jones (1978).

UNFAVORABLE METAMORPHIC ROCKS

Reconnaissance scintillometer surveys of accessible metamorphic rocks,
other than those of the Kingston Peak Formation, indicated no units with
anomalous radioactivity. The highest scintillometer readings (220 to 360 cps)
were from the metavolcanic and metasedimentary rocks of Jurassic to Triassic
age (as designated on the Death Valley quadrangle geologic map). These rocks
are exposed along the western flank of the Inyo Mountains in the New York
Butte and Keeler 15' quadrangles. Field gamma-ray spectrometric measurements
were made on every unit in the sequence as exposed along the Cerro Gordo road.
These data are recorded in Appendix E. The range of values for potassium,
equivalent uranium, and equivalent thorium varies from 5% to 11%, 5 ppm to 10
ppm, and 15 ppm to 49 ppm, respectively; this indicates that no enrichment in
equivalent uranium or thorium has occurred. The thorium-to-uranium ratios are
from 2.6 to 5.8, but most of the samples were slightly higher than the
2-to-3.5 range considered by Adams and others (1959) to be average for
metamorphic rocks. Fluorometric-uranium analyses (App. B) were obtained for
nine rock samples collected from the most anomalous zones (as defined by
radiometric surveys). The chemical-uranium values range from 1 ppm to 6 ppm.
Semiquantitative emission-spectrographic analyses (App. B) were obtained for
nine rock samples. Rapid-rock analyses (App. B) were determined for four rock
samples, and semiquantitative modal analyses (App. D) were determined for five
rock samples. None of the geologic, petrologic, or chemical data correspond
to the favorability criteria (Mathews, 1978) for uranium deposits in
metamorphic rocks; therefore, these rocks are considered unfavorable.

UNFAVORABLE VOLCANIC ROCKS

Basalts are widespread over the Death Valley quadrangle. They are
early-stage magmatic differentiates composed of rock-forming minerals that do
not readily accept uranium into their structures. Most of the basalts have
extremely low agpaitic coeficients and low differentiation indices, which are
considered to be poor criteria for uranium-bearing rocks. Uranium is commonly
concentrated in late-stage, highly differentiated rocks that are enriched in
sodium and potassium and oversaturated with silica. Basalts are not
characterized by these or other criteria considered by Pilcher (1978) to be
indicative of favorable volcanogenic environments. Other accessible volcanic
rocks in the Death Valley quadrangle were found, by field examination, not to
exhibit expected characteristics of rocks that contain uranium deposits.
Therefore, these rocks are considered unfavorable.
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UNEVALUATED ENVIRONMENTS

Substantial portions of the Death Valley quadrangle remain unevaluated
because of restricted or limited access or the lack of subsurface geologic
data. Areas of restricted access include the Nevada Test Site, Nellis Air
Force Bombing Range, Death Valley National Monument, and the China Lake Naval
Weapons Center (P1. 20).

Access to uranium occurrences in the area between Maturango Peak in the
Argus. Range and the Onyx Mine in southern Panamint Valley was denied by
private industry. The Amargosa Desert, Sarcobatus Flat, Oasis Valley,
northern and southern Panamint Valley, Saline Valley, and most of Owens Valley
are unevaluated because of a lack of subsurface geologic data. Time
constraints and limited access prevented evaluation of the Pat Keyes pluton in
the Inyo Mountains and the Hall Canyon pluton Little Chief stock in the
Panamint Mountains. These rocks contain no known uranium occurrences, but
should still be evaluated because of their felsic compositions.

Favorable Area C (Pl. 1) extends westward into the Death Valley National
Monument but could not be evaluated because rock sampling and radiometric
surveys were not allowed.

RECOMMENDATIONS TO IMPROVE EVALUATION

This evaluation could be improved by the examination of areas that have
been designated as unevaluated because of restricted or limited access. The
evaluation could also be improved by obtaining subsurface geologic data for
the basins. The Hydrogeochemical and Stream-Sediment Reconnaissance (HSSR)
data and the airborne radiometric data were not received in time to be
considered in this evaluation. These data would have been useful in the
preliminary area selection for detailed studies. The use of helicopters would
have allowed the evaluation of rugged areas without road access and would have
substantially increased the number of rock samples that were collected.
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Location map of rock samples
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DEATH VALLEY, CALIFORNIA/ NEVADA

Location map of rock samples
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DEATH VALLEY, CALIFORNIA/ NEVADA

Location map of rock samples
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DEATH VALLEY, CALIFORNIA/ NEVADA

Location map of heavy concentrates Uranium geochemical symbol map of heavy concentrates
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DEATH VALLEY, CALIFORNIA/ NEVADA

Location map of water samples
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DEATH VALLEY. CALIFORNIA/ NEVADA

Location map of water samples
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DEATH VALLEY, CALIFORNIA/ NEVADA

Fanglomerate Rocks
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DEATH VALLEY, CALIFORNIA/ NEVADA

Metamorphic Rocks Volcanic Rocks Total Rock Population
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