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ABSTRACT

Lithium-bearing brines occur in Clapion Vealley. an un-
drained structural depression filled with Quualernary un-
consolidated sediments consisting chiefly of clays und saline
minerals. The Bthium occurs in a sodium chloride brine
which contains subordinate amounts of porassium and mi-
nor amounts of magnestum and caleiurm,

Although lithium-bearing hot springs are present at the
periphery of the playe, the evolution of Clayton Valley
strongly suggests that the lithium has been derived from the
feaching and weathering of Tertiary lacusirine and voleanic
sedimenis exposed east of the valley. Concentration of the
lithium-bearing solutions into brines was accomplished by
solar evaporarion.

INTRODUCTION

Prior 10 the late 1930 the prime sources of lithium
were pegmaiite bodies containing high-grade but rela-
tively small concentrations of lithivm minerals. In these
bodies only spodumene, lepidolite, amblygonite, petalite,
and eucryptite have been commercial sources of lithium.

The best known and most productive of the pegmatites
were mined in the Black Hills of South Dakota. Several
cther pegmatites in southern California, northern New
Mexico, and Colorado akso had noteworthy records of
production in those early vears. Presently, the largest pro-
ducing district is located in the tin-spodumene bek of
North Carolina.

Prior to World War [, lithtum was alse discovered in
a new form. The brine of Searfes Lake, California, was
found to contain 0.015 percent Li,O. Although the con-
centration was law, this type of occurrence suggested that
additional sources might be located in other playa basins.

In the carly 1960's an especially promising brine was
discovered near Silver Pezk in Clavton Valley, Nevada by

Leprechaun Mining and Chemical Company of ILas
Vegas.

In 1964, the Foote Mineral Company acquired Lepre-
chaun’s leases and continued exploration and develop-
ment. Presently, the brine is pumped from the playa
sediments by a series of gravel-packed wells and stored in
large artificial ponds. There it 8 concentrated by solar
evaporation, thence carried to 4 plant where it is chemi-
cally converted info lithium carbonate. The extracted
brine contains an average of 0.065 percent 1i;0.

GENERAL FEATURES OF CLAYTON
VALLEY

Clayton Valley is located in Esmeralda County, south-
central Nevada. It lies approximately 25 miles (40 km)
east of the Nevada-California border, 15 miles (56 km)
southwest of Tonopah, Nevada, Silver Peak, population
abaut 200, is the only community in the valley. The area
1s accessible via State Highway 47,

As Clayton Valley lics in the eastern rain shadow zone
of the Sierra Nevada, it is very arid. The evaporation rate
is about 54 inches (1.7 m) per year, while precipitation
amouats to about 3 inches (13 cm} per year,

The valley is an undrained structural depression sur-
rounded by mountains. Although part of the Great Basin
of the Basin and Range physiographic province, the
mountaing lack the paraflelism shown by most ranges of
the Great Basin. Instead, they show an arcuate trend de-
fined by the Silver Peak Range on the West, the Palmetto
mountains to the south and the Montezuma mountains to
the east (Fig. 1). The mountains rise to elevations of 9450
feet (2870 m), 9250 feet (2810 m} and 8400 feet (2550 m)
respectively. The crest of the Weepah Hills which bound
Clayton Valley on the north varies in elevation from about
3000 feet (1520 m) at the western margin to 7700 feet
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Figure 1. Location map.

{2340 m) 2t the castern margin. Thay form the foothills of
Lonre Mountain.

The plava which lies at an elevation of about 4600 feet
(140 m) occupies an arex of about 20 sguare miles (30
km*®). The playa surface consists principally of a mixture
of clay minerals, halite, and gypsum. Calcium carbonate
forms an asbundant cement, Smectite, present in clay-rich
layers, causes these to expand when wet and to exfoliate
when dry. Where the water table is near the surface, clay
expansion produces fzirly pronounced mounds.

PREVIOUS STUDIES

The geology of the Silver Peak region was first de-
scribed by Turner (1900, 1909} and by Spurr (1906). The
Silver Peak plava was investigated by Dole (1913} More
detatied investigations of the Silver Peak Range area, the
Palmetto Mountain area, and the Weepah Hills arez have
been described in several theses (Robinson, 1962; MoKee,
1961; Moiola, 1962). A preliminary geclogic map of Es-
meralda County incorporating data from several investl-
gatars was prepared by Albers and Stewart in 1963

The alteration to zeolite of sediments und voleanics in
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Figure 2. Ganeraliced Geoiogy of the Clavwsn Vaidey Region,
Esmeralds County, Nevada.

the Silver Peak Range was studied by Robinson and in the
Weepah Hills by Moiola (1944).

" Tertiary volcanism and scdimentation in the Silver
Peak Region have been comprehensively studied by Rob-
inson, McKee, and Moiola (1968),

GENERALIZED GEOLOGIC HISTORY OF
THE REGION

The rocks that compose the nearby mounntum ranges
consist of an exceptionally wide variety of age and types
(Fig. 2.

Extensive outcrops of pre-Cambrian and Paleozoic
rocks are found on the western, eastern, and northern
boarders of Clayton Valley (Fig 2). Pre-Cambriun rocks
arg almost exclusively made up of carbonates, but com-
prise some crystalline roeks that contuain one lepidolite-
beating pegmatite. The Palevzoic rocks, mainly Lower
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Lithium Oecorrence ja the Brines of Clayion Vsfley

Cambrian in age, are miogeosynclinal in character and
comsist of quartzites, carbonates amnd shales.

Inirnsive rocks of Jurassic age are associated with the
Sierra Nevada bathelith, the main mass of which lies
about 40 miles (64 km) west of the area. In the Clayion
Valley area, the Jurassic intrusives form an arcuate zone
arouad the southern margin of the valley in the Palmetto
Mountains. A few ourcrops are found in the Weepah Hills
and in a few scattered places in the Silver Peak Range and
in the Montezuma Mountains.

The most important sequence of rocks, in which the
geologic evolution of the Basin and Range Province is
recordad is the Upper Miocene to Phocene sequence of
tuffaceous sediments of the Esmeralda formation.

As defined by Turner, the sequence comsists of some
15,000 feet (4,500 m) of lacustrine sediments which in-
chude poorly sorted conglomerates and sandstones, lime-
stone, mudstones, and tuffaceous units (Robinsen,
McKee, and Mooz, 1968). Fossil gastropods and fish
suggest a retatively fresh environment of deposition
{Turner, 1500%,

Two major voleanic and structural events are recorded
in the Tertiary sediments. An early Miocene voleanic pe-
riod, widespread m other parts of Nevada is represented
only by a single welded tuff umit, with an age of 22 million
years, exposed at the northern end of the Silver Peak
Range. This tuff was ejected prior to the block fanlting
episode which disrupted the external drainage of the re-
gion and created severa! partially closed basins into which
the lower part of the Esmeralda formation was deposited.

Stratigraphic studies of Robinson, et al. {1968}, showed
that aithough the rock sequences assigned to the Es-
meralda formation are generally similar in individual val-
leys, they differ greatly in detail. Lateral and vertical
changes are abrupt and angular unconformities are nu-
merous. These observations strongly suggest that the sedi-
ments were deposited in separate basins.

A second major period of faulting, accompanied by
volcanic eruptions, cubminated in middie Phocene time
and resuited in the deformation of the lower Esmeralda
beds creating an angular unconformity. The oldest sedi-
ments above the unconformity, assigned o the upper Hs-
merafda unit, have been dated at 6.9 miilion years
{Robinson, McKee, and Maoiola, 1968},

A widespread ash fuil tuff crops out arcund Clayton
Velley. Its age suggests that its deposition was cantempo-
ranegus with upper Esmeralda sediments, while in some
areas it appears {0 have preceded them. The only major
structural event to follow the deposition of upper Es-
meralda sediments was the 3000-foot (1510 m) uphift of
the Silver Peak Range.

Although the present topography was largely estab-
lished by late Pliocene time, fauiting has been active
through the Pleistocene up to the present time as evi-
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denced by the presence of fanlr scarps near Angel Island
in Clayton Valley.

GENERAL NATURE OF THE PLAYA AND
CORE SEDIMENTS

The playa material consists mainly of a mixture of
saline minerals and detritus eroded rom the surrounding
hifls. The detritus is mostly fine, being principally com-
posed of clay-size material {minus two microns, es.d.)
The clay-size fraction ranges from 7 percent to 60 percenr
in the playa samples, and reaches 70 percent In some core
samples.

X-ray diffracrion studies of the less-than-two micron
fraction of playa and core samples indicate Lhat four clay
types are present:

smectite
illite
chlorite
4, kaolinite

badiie o

The proportions of these clays vary considerably. In
general, smectite and illite are the most abundant of the
four, and chlorite and kaolinite are subordinate. The x-ray
patterns also revesl the presence of a zeolite.

LITHIUM IN THE PLAYA AND CORE
SEDIMENTS

Chemical analyses of bulk samples show that the sedi-
ments in the basin have an unusually igh lithium content.
Lithium concentrations in surface playa samples vary
from 330 pprito 1171 ppm, (Fig. 2, Table I), while values
ranging from 260 ppm to 1713 ppm were recorded in core
samples {Fig. 2, Tables I1, TI1).

Evaluation of the lithivm content of variocus size frac-
tions revealed that the lithium is concentrated in the clay
mineral fraction (Table IV}, Although this suggested a
relationship between lithium and smectite, the samples

TABLE I

Chermical and Minerslagic Variation
in Plava Samples {20 fraction)ia

Narthern Ssctor

Southern Sectar

Sample Ma. it:m} Sampie Na, {::mi

S 1022 M1 820
52 1058 NZ 350
83 1N 3 G20
54 498 M4 £30
55 410 M 500
56 449 (351 8240
57 488 N? 910

NG BBO

NO 600

&yslues corracted for carbonate and saline cemants




TABLE

Chamical, Mineralogic and Fewtural
Variation in Bulk Sampies fram Wetk FX-3@
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TABLE tV
tithiwm Corgentration [ppm} as a Funstion of Size

Sample Depth

x4 Weli Na. {feet) Bulk Sample —fi  ~0.3u
s&mf:f Lit FX-4 78 1110 1538 2860
{f:;ﬂ {pom} FX-4 115 1210 - 2770
Fx-d 191 410 — 870
17 1670 FX-7 24 TEG — 1920
458.52 420
G7 410
7880 1614
110-115 420 TABLE V
115118 1310 Relationship Between Spring Water andt Grine Compasiuans
142-148 320 Sori Sori 13 B
160162 1100 i rieg pring x ine
175178 880 ton Species 1ppml ':ppml {ppym)
181-185% 80 Lit+ 38 380 380
138-188 1473 K+ 534 2.340 7700
191 410 Na+ 9,220 92,200 66,200
228-236 500 Mg+ 84 640 GaT
223 wsg Cart+ 443 4,430 580
};?‘3‘ 11;0 ci 13,700 137,000 85,200
50; 500 5,000 11,100
275 1132 ——a -
37 380 Foote Mineral Company amlyses, 1986 data.
357 950
337 280
417 BGO
/42 827
486 1550
507 840
Bt TE20
530 1713
535 240
553 7i0
otiis #4030
583 430
#aiues corrected for carbonate and saline
ZeEmants
TARLE |H

Cremicel, Mineraiogic and Textural
Varigtion in Bulk Samples from Well FX-6m

EXG

Dot Lis
{taet} lppm)
76 1158
113 466
118 1643
147 505
154 854
197 1276
213 837
244 507
283 10232

Aalues corrected for carbanate ard saling
cEMnants

were nevertheless subjected to further examination in or-
der to determine whether the jithiom was present as an
exchangeable cation or held a structural cation in the clay
structure. The first alternative was tested by subjecting a
lithium-tich sample to exhange reactions with calcium
and barium. The results of the experiment indicated that

Figure 3. Hectorita Jaths-Quaternary mart—¢ore semple colactad
273 feet {83 m} beiow the playe surface-replica of -2 fraction
e.s.d.—14,000X,

the lithium is nonexchangeable. Further evaluations using
w-ray diffraction and electron microscopy technigues con-
firmed that the clay mineral hectorite 1s present (Fig. 3},
and that, consequently, the fithium is held in the octahe-
dral layer of the clay structure.

BRINE CHEMISTRY
Chemically, the brine which saturates the sediments of
the Clayton Valley basin is refatively simple. [tis 2 sodium
chioride solution containing minor amounts of potassizm
and sulfate and subordinate guantities of calcium and
magnesiunt {Table VY. This unusual chemical sysiem per-
mits the recovery of lithium as a primary product.
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Lithium Oceurrence in the Brings of Clayton Vailsy

Although the presence of gypsum and halite in the
hasin suggests an obvious mechanism for the concentra-
tion of weak solutions inta brine, the source of the cations
in the brine is less obvious. Many plavas in the Basin and
Range Province contain sodium chloride as the main sa-
line mineral, but some of them also contain unusually
large concentrations of borates, sodium carbonate, and
potash salts. The presence of such minerals suggests a
wide range of chemical compositions for the parent solu-
ions.

Several hypotheses have been proposed to explain the
chemical character of playa brines. Among these, the most
important are:

1. leaching of older Tertiary saline heds.
2. hot springs.
3. leaching of bedrock.

That the chemistry of many playas has been conirolled
by the leaching of older saline beds has been well substan-
tiated {Spurr, 1906; Gale, 1912). In a survey of the distri-
bution of borate deposits, Spurr noted that a broad belt of
Tertiarv sediments extends east of the Sierra Mevada from
northern Nevada to the Mojave desert in California. As
some of the Tertiary beds contain colemanite, a genetic
relationship between the Tertiary source material and the
Quaternary saline accumulation was suggested.

A simple solution mechanism satisfactorily explains
the chemistry of several but not all of the playas. Many
playas which have similar peripheral country rock have
nonetheless different chemistries (Spurr, 15056; Muessig,
1966). This is also true of the Clayton Vatley region. Clay-
ton Valley, Fish Lake Valley, and Big Smoky Valley have
similar rocks exposed at thelr margins. Nevertheless,
Clayton Valley contains lithium, Fish Lake Valley con-
tains boron, while Big Smaky Valley contains only some
sodium chloride. This strongly suggests local controf, es-
pecially local springs which commonly occur at the mar-
gins of the plavas. Such speings apparently have
contributed abundanily to several playas of the Great Ba-
sin and to some thirty-five South American playas investi-
gated by Muessig (1966).

In Clayton Valley, most of the lithinm in the brine may
have been brought to the basin from nearby hot springs
that appedar to be genetically related to voleanic rocks of
Tertiary and Quaternary age that flank Clayton Valley.
This possibility is suggested by the observation that, if the
water now issuing from the springs were to be concen-
trated fo one-tenth of its present volume, its composition
would approximate that of the brine (Table V). Moreover,
the presence of halite and gypsum and the lake beds sug-
gesis a high rate of evaporation during sedimentation.

It must be remembered, however, that the chemistry of
the springs may reflect o 2 large extent contamination by
the brine. White (1957) points out that probably only ten
percent of the composition of hot springs can be atiributed

to juvenile water and that ninety percent is derived by
reaction with country rock or mixing with meteoric water
during ascension to the surface. This may well be the case
for the hot springs in Clayton Valley.

The occurrence of lithium in the plava sediments as
well as in the brine suggests therefore an alternate hypoth-
esis, namely that the lithivm may have been contributed
to the playa through the weathering and leaching of coun-
try rack exposed around Clayton Valley. If so, one could
expect to find there units of relatively high lithium con-
tenL. This hypothesis was tested by sampling the extensive
outcrops of faulied and tilted lacustrine and volcanic sedi-
ments of the Esmeralda Formation {Fig. 2).

ROCKS PERIPHERAL TO CLAYTON
VALLEY

Esmeralda formation

The distribution of lithium in the Tertiary sediments
suggesis a natural areal subdivision inte a lithium-rich and
a lithium-poor province. These have been designated as
follows:

a} Province A—consisting of the Esmeralda formation
and the volcanic ash-fall tuff exposed east of Clayton Val-
ley.

b) Province B-~comprising the Esmeralda formation
exposed north and west of Clayton Valley (Fig. 2).

Bulk sample analyses indicate that sediments in Prov-
ince A contain an average of 650 ppm Li, while only 40
ppm Li was recarded in Province B (Table VI). Similarly,
analytical data on the water soluble portion of the samples
indicate that the sediments of the Esmeralda formation
exposed east of the valley are significantly kigher in k-

TABLE Wi

Lithium concentration in bulk samples” fram the Esmeralda
formation 2xposed noerth and east of the playa

NORTH EAST
Lit Lt
Sampie No. {ppm) Sampls No. {ppm}

w1 40 TE1 130
w2 80 TEZ @10
w3 20 TE3 260
W4 20 TE4 12
Wwo 2 TEG 780
W 80 TES 400
W7 70 TE?7 394G
wa 30 TES 710
TES 160

Aoamples washed ance with distilied water
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TABLE Vi

Concentretion of sotublke imum, sodium, and potasnum n
simples from the Esmeralda formation exposed gast of the piaya

TABLE Vi

Coancentrations of Lofubh? Pehum, soainm, ang potassium in
veraide tormation north of the iy

sathgies from the B

Lt Nat Kt L Nat K"
Sample No, fnpm) { %1 {ppm} Samgphe Na, ippen ] ippin}
TE 1t 32 1.28 544 W 13 .M 17D
TE 2 14 3.80 210 W2 13 0.76 270
TE 3 118 1.38 300 W3 a .44 20
TE 4 60 188 350 WWis 3 G 48 50
TE & &0 1.38 240 We & 092 40
TE 8 20 1.47 300 W7 18 280 225
TE 3 - 80 152 2860 wa 5] 011 300
TS @ 50 0.89 330
TE1D z0 0.22 280
TETT 140 +.08 380D

thinum, sodium, and potassivm than samples coliected
north of the valley (Fables VII, VI,

The Esmeralda sediments exposed east of Clavion Val-
ley consist principally of marls very sintilar to the playa
sediments. Numerous thin ash beds occur throughoyt the
350-foot section studied. These occur borh in unaitered
form and in layers altered to phillipsite. Subaertal erosion
creates a typical badiand topography (Fig. 4).

X-ray studies of the ~2u fraction of each of several
samples of the marls reveal a mineralogy similar 1o that
of the playa deposit. Four clay minerals are present:

i. smectite
2. illite
i, kaolinite and chlorite

The smectite in the sediments of this section was ideati-
fied as hectorite on the basiz of morphology and chemis-
try, Electron micrographs (Fig. 5) showed the presence of
abundant lath-shaped hectorite particles similar to those
found in the playa,

The direct influence as a source area of the Esmeralda
formation exposed east of the valley on the geochemical
character of the playa sedimenis is clearly shown on Fig-
ure &. Lithium data on the clay fraction of playa samples
indicate that samples with the highest fithium concentra-
tion le on the castern side of the playa in a zone immedi-
ately adjacent to the lacustrine marls of the Esmeralda
formation. The lithium concentrations decrease westward
and northward as the distance from the lthiwm-rich Terti-
ary outcrops increases,

Although the variations in lithtum content shown in
the playa sediments and brine correspond t¢ variations in
the lithium content of the Tertiary rocks that flank the
playa, the ultimate source of the lithium is obscure. As the
Tertiary sediments appear to have formed in an environ-

Figure &, Tertiary Esmeraida formation exposed east of the Cloyt
Vailey piayo and south of Arngel isiand the wew is ngriheaas

subserial erosion oreates 3 typical badland 10pocraphy

Figura 5, Heocwor:te fgms—Tertiary Esreervida {ormation expos
et 0f Clayton Valioy —dispersion of 14 fraction es.g,—23,000.
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Figure 8. Arcual distribution of Lithiwm in pleya samples {-- 24 frac-
tion, e.5,d.). Ona mile equals 1-6 lum.

ment essentially similar to that of the Quaternary basin,
the origin of the hectorite in the Tertiary deposits and the
ultimate source of the lithium remain to be established,

Tertiary volcanic rocks

As montmerillonite commoniy occurs s an alteration
product of volcanic ash, the most promising area of inves-
nigation was the extensive asi-fall tuff exposed southeast
of Clayton Valley (Fig. 2}.

An examination of thin sections and x-ray diffraction
data indicates that the volcanic toff has been aliered to
clinoptilolite and smectite. Small proportions of quariz,
plagioclase, sanidine, and rock fragments constitute the
remaining portions of the samples.

Lithium concentrations in seven samples of voleanic
wiff ranged from 2% ppm-623 ppm (Fig. 7). Analyses of
different size fractions extracied from two samples indi-
cate that the lithinm content increases with decreasing size
and that it is concentrated in the clay fraction (Table [X).
As the minus-two micron fraction conststs oniy of smec-
tite, hectorite s indicated. Iis occurrence is corroborated
by electron microscopic studies which revealed numerous
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Eigure 7. Arecl Fopation of {ithium in the Tertery volesnve tuff
exposedd aast of Clayton Vailey isee Figure 21, 1008 {7 eguais 304
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TABLE X

Lithium concestration (Dpmi in samy from e woicanic ash
fail tuff exposed east of Clayian Valicy

Sampte No.  Bulk Sample 5200 3.8u 2y

™ edc -

Tz 5 -

T2 823 990 1540 2280
T4 4 ~ -~ -
TS 74 -

T6 200 - . 3080
T 128 - —

lath-shaped particles (Fig. 8) similar to the one reported
for hectonte from Hector, California, by Bates (19587).

The most striking feature rovealed in the sampling of
the volcanic unit is the presence of an areal zonation i
lithium content. The concentrations of Kthium are higher
within a 1,000-foot (300 m) zone which coincides approxi-
mately with the fault zone proposed by Albers and Stew-
art (1965), and decrease away from the zone (Fig. 7).

The data suggest that fault zones acted as conduits for
lithism-hearing solutions and that the altered voleanic ash
acted 2s a source for the lithium-rich Esmeralda sedi-
ments.

GEOCHEMICAL EVOLUTION OF THE
BASIN
The general Hihologic character revealed in cores
{FX-4, FX-6, Fig. 2) indicates that clav-size detritas was
deposited throughout the history of the basin, A progres-
sive tncrease in sabinity is also indicated. Below 230 feat
{70 m), no saline minerals are found, thus pointing toward
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Figurs B. Hectorite laths—Tertisry volcanic twif exposed cast of
Clayton Valiey—Dispersion of ~2U fraction s.5.d.—32,000X,

a fresh-water environment. This is also evidenced by the
presence of five ash beds which are composed of unaltered
glass. The presence of gypsum from 230 feet to 130 fect
(70-40 m)} refliects an increasingly saline environment
while maximum salinity developed during the deposition
of the upper 130 feet (40 m) of sediments which contain
abundant halite as well as gypsum. Interbedded halite,
gypsum, and clay beds indicate that salinities fluctuated
considerably during that interval

The variations in salinities were no doubt controlled by
variations in precipitation and run-off during Pleistocene
time when the mountainous areas to the west were the
sites of intermittent glaciation, This influence was well
documented by a study of the sediments of Searles Lake,
California (Smith, 1966). The pluvial periods, equivalent
to giacial periods in the highlands, provided an increased
amount of precipitation and runoff which resulted in the
formation of temporary lakes in structural depressions of
the Basin and Range Province, During these perinds, the
basins received prineipally clays and coarse detritus, Dur-
ing the drier interpluvial stages, excessive evaporation led
10 afl increase in salinity and resulted in the precipitation
of various evaporite minerals, The nature of the saline
suite in Clayton Valley indicates that the salinity trend,
while irregular, developed progressively.

Evidence of pluvial and interpluvial stages similar to
thase obtained in Searles Lake is not obvious in Clayion
Valley. Portions of the upper section of cores are missing,
and halite is not concentrated in two cbvious layers as in
Searles Lake but occurs throughout the upper 130 feet (40
m) of sediments. A sample of clay collected at 122 feet (37
m} in well FX.6 (Fig, 1) was dated at 26,500 years b.p,,
indicating a Middle Wisconsin age. On the uther hand,
two well-defined salt layers exist in well FX-2 (Fig. 9) and

Litrology Genbogie nge ond
cheohite oge (yesra}
Crent rdat Lt
Wad Recent
SE00
Upper Lariy
Seld Recent
PR T 10000
Noud Wizcnssin
24,000
Lowwr Hidabe
Soit Wisconmin
33,000
Boliom Eariy
Mudg ] wincatuin

% halite

Figures 9. Corredation (2} of Claytonn Valey with Searies Lake
(Searfus Lake section modified after Smith, G.L., 1966). Ona inch
{2.6 cm} equais 40 f1 {12 m).

suggest that the section may possibly be equivalent to that
of Searles Lake. If the core section in well FX-2 is strati-
graphically equivalent to that in well FX-6, then the clay
that separates the two salt layers in well FX-2 (6876 feet,
20.6-23.1 m, Fig. 9} is probably equivalent to the parting
mud of Late Wisconsin age as recognized at Searles Lake
{Smith, 1966).

Although the sedimentation in Clayton Valley is un-
doubtedly related to the glacial events in the western
United States, additional cores and age determinations
will be necessary to establish 2 more detailed and precise
correlation with these events.

EVOLUTIONARY MODEL OF CLAYTON
VALLEY

The presence of lithium-rich sediments and salts in the
rocks surrounding Clayton Valley indicares that the basin
has been the sedimentological and chemical end-product
of a series of events which began in Late Tertiary time and
resulted in the formation of the present deposit.

The nature and distribution of the Tertiary sediments
around Clayton Valley indicate that the Tertiary environ-
ment became enriched in lithium after the deposition of
the thick ash fall teff now extensively exposed in the re-
gion, If equivalent to 2 similar ash-fall tuff present in the
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Figura 10, ideatized evoiutionary maodel of Clayton Valley. The
diayrarn represents an east-west Cross-section across the eastern side
ot the vallay.

Silver Peak Range, located west of the valley, i is lower
to middie Phocene in age.

Following the deposition of the ash-fall tuff (Fig. 10,
stage ), faulting disrupted the area and created a struc-
tural depression into which the Esmeralda sediments ex-
posed east of the playa accumulated (Fig. 10, stage H).
The eastern and southern Hmits of the basin probably
coincided with the arcuate fault proposed by Albers and
Stewarl {1965). The northern boundary is not known and
the relutionship of these sediments to those exposed 10 the
north in the Weepah Hills is not abingether clear.

The detritus deposited in the Tertiary Esmeralda basin
consisted mainly of hectorite and chnopulolite derived
from the alteration of the volcanic tuf and of sediments
supplied by the pre-Ternary country rocks. The occur-
rence of hectorite along a fawit zone suggests that the
alteration of the tuff to clay was restricted to the zone and
that the fault acted as a condut for lithium-hearing solu-
tions. The chemical nature of the basinal waters was prob-
ably influcnced hy the character of the solutions which
ose along the fault zone and by the nature of the altera-
tion and westhering by-products.
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Renewed faulting in rhe Quaternary period followed
the deposition of the Esmeraida beds and resulted in a
smaller structural basin into which (Fig. 10, stage 111) the
Hthium-bearing sediments und interstitial salts of the Es-
meralda formation were recycled. Gravity profiles (Robin-
son, McKee, and Moiola. 1968) indicare that bedrack
occurs 1350 feet (410 m) below the present surface of the
plava.

Minor faulting and erosion have controlied and deter-
mined the present physiographic character of the valley
{Figure 10, stage 1V).

CONCLUSIONS

Clayton Valley is 3 Quaternary struciural depression
which contains a lithium-rich brine of econamic impor-
tance, The occurrence of lithinm was favored by a peculiar
combination of chemical, structural and climatic condi-
tions.

The accumulation of lithium in the basin appears Lo be
the result of a series of events which began int late Tertiary
time. The alteration of a Tertiary voleanic ash-fall tff to
hectorite along a narrow fault zone indicates that lithium-
rich solutions were abready available in the Tertiary envi-
ronment. The altering solutions fed along the faults and
the by-products of the alteration and weathering reactions
probably controlled the chemistry of the depositional en-
vironment of the Tertiary Esmeralda basin.

Renewed faulting activity in the Quaternary created 2
new structural depression into which the Tertiary sedi-
ments and salts were recveled.

Concentration of basinal solutions to brine strength
wus progressive and has continged to the present fime,
The climatic conditions which led to the conditions favor-
able for concenrration were also controlled by the glacial
events i1 the Sierra Nevada.

The presence of not springs at the periphery of ihe
playa suggests a possible origin for the present brine.
Whether the springs represent true juvenile water or have
been contaminated by the brine remains undetermined.
The evolution of Clayton Yalley suggests strongly that the
composition of the brine has been derived in lurge part
from the leaching and the weathering of hthium-rich Ter-
tary sediments.
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