
SOCIETY FOR 
MINING, METALLURGY, AND 

EXPLORATION, INC. 

P.O. BOX 625002 • LITILETON, COLORADO • 80162-5002 

PREPRINT 
NUMBER 

92-44 

INDUSTRIAL MINERAL RESOURCE POTENTIAL OF TERTIARY PLAYA DEPOSITS 
OF THE FORT IRWIN AREA, SAN BERNARDINO COUNTY , CALIFORNIA 

J. S. Rapp 

Sierra-Pacific Groundwater 
Cameron Park, California 

L. M. Vredenburgh 

US Bureau of Land Management 
Bakersfield, California 

For presentation at the SME Annual Meeting 
Phoenix, Arizona - February 24-27, 1992 

Permission is hereby given to publish with appropriate acknowledgments, excerpts or 
summaries not to exceed one-fourth of the entire text of the paper. Permission to print in 
more extended form subsequent to publication by the Society must be obtained from the 
Executive Director of the Society for Mining, Metallurgy, and Exploration, Inc. 

If and when this paper is published by the Society for Mining, Metallurgy, and 
Exploration, Inc., it may embody certain changes made by agreement between the 
Technical Publications Committee and the author, so that the form in which it appears is not 
necessarily that in which it may be published later. 

These preprints are available for sale. Mail orders to PREPRINTS, Society for Mining, 
Metallurgy, and Exploration, Inc., P.O. Box 625002, Littleton, Colorado 80162-5002. 

PREPRINT AVAILABILITY LIST IS PUBLISHED PERIODICALLY IN 
MINING ENGINEERING 



:~DUSTR:A: ~=~E~AL RESOwRCE POTENTIAL OF 
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:~.:.s recc:-:. :.s Oased -;:--. e·:<.:.s::.::g :-epo:--:s a~d 
::ece~::.y ~a:~ered ::.e:.d ja:a . 
~~ !"le=a:.. =esc~=::e 9o:en::ai 

:: :Lsc:.isses 
-" :-er: ±.a:-v 

9:.ayas .:.~ :~e ?~r: ==~.:.~ =eg:..cn . A~ 
es::xa:ed :.. . 3 ~::..:...: c:: :ons of ~easu=ed sa:..: 
\':-ese:-'1es", a:;d 20 ::i.:.::.:.on : ons o f :.:-:a.:.~ated 
sa:..: reso~=::es, ~ave been ~ienc.::.:ea nor:h 
o: :!-:e :er: . O:'.":er .:nd:cat.ed :-esour::es 
inc:..:.ide 30C , JC~ :ons o: ::e:..est.:..:e, 800 , JOO 
:~::s ~f gy~s:.::n , a.:1d !. O ~:..:.:.!.on -:~r.s o f 
se:e~:. :e. Zec:~ : ic =~~~~as ~:.~ed sou:~ of 
:o=: :=win :=om ::_9-;3 co 1984 , and ;;nexplo=ed 
occ~==e::::es a :-e widesp:-ead. Ca2.cium- be!"lt.o­
n~te is :nined near 3arscow, and :nore :nay 
ex~sc , i:1c:..ud.::ig ·Ja:..uab:..e sod:.. :.i:n- and :..:..:'.'l i:.im­
based be!"l:oni:es. 

INTRODUCTION 

Open pit. m:..nes of t.he ~ojave De sert. annu­
a:..iy produce hundreds of millions of dol ­
la:-s wort.h of indust.:-iai mine r al products 
:rem ~e:-:iary playa sediment.s . The Kramer 
borat.e deposi: and the l ithium- rich ben­
:onite deposi : s o f Hect. or are among the 
:nose :amiliar :o i!"ldustrial mineral spe­
:::..ai:..s:s . The ~ojave Desert. has dozens of 
:..esser known ::lay, zeoli:e, gypsum, cel ­
es:i:e , st.ront. i an :.. t.e , borat.e , and sal:..ne 
deposi:s . rede=al land- use decisions are 
being made cha: prec:..ude mineral resource 
development. o: chis :-eg:..on . The aut.hors, 
and :~ei:- :-es?eccive Stace and federal 
agencies , undertook : he invest.igat.ion of 
:n:..nes and :nir.eral r esou=ce pot.encial o f 
:he : o =: ::-w:..!"l :-egion t.o develop geolog:..c 
and mi~eral i!"lfor:nat.ion where very lit.t:e 
publ:..shed ir.fo rmat.ion exists. 

:ore Irwin Na:ional :raining Center is 
locat.ed in the cencral Mojave ueserc, 
approximately 65 kilomet.ers north of 
Sars::;w (see ?igure :) . rort. ::-win em­
p:..oys approximace :.. y 5,800 persons (:j8,, 
~::puc:~s~ed J.S. Sover!"lment. sour::e aocu­
~er.:s). :~e s:u:he:-n boundary o: Dea:h 
~a:..:..ey ~ac:..c:1a2. ~onume~c ~s :..ess char. 5 
~::ome:ers r.or:h o f :he :or:, and the 
~lat::::ir.a:.. .;er::ir.a1.;:~ : and S;:>ace .".dm.l:'"list.ra ­
:~~~ (N~SA) Jc:dscc~e sace::ice :=ack~~g 
:a::~_::y :s :cn:i~uous :o :he wesc. 

:'he :ore :=win region has undeveloped 
:~d~s~=:a: ~i~~~a: ~epos~:s, most. of 
wnich are con:ea:ed beneat.h broad desert. 
playas . Te:-:iary sedime!"lt.ary and volcanic 
format.ions r.ort.h and south of t.he :ore 
have been relacively well described , but 
jue co limit.ed publ:..c access, similar 
=eek format.ions wit.hin t.he Fort have not 
been thoroughly st.udi ed . 

1 
~he :er:-ain is barren and :- o::~y , wi:~ 
:-ugged mou:'"l:a :.. r.s, p:..ayas a::d b r oad a :..:.. ~ ­

v:..al :ar.s. Cacc :.., dese : ~ s~:-ubs, and 
g=asses g=ow ab~~dar.:: y ~ear :~e ~ s~ :~:e~ 
spr~ngs o: :~e :-eg:..or. . Ge::::..y s :.. ::; i::q 
ba~adas sus:a:..n sparse ~ege:a:~::: a::i :~e 
~=~ad p:~1as a=e ~~~p:e:e:y ~a ==e~ . ?~:e 
brown du::e sa:1d ::o:..:..ec:s on :eewa:-d 
s :.. ooes o ~ sr.a :-o :-:..aces ani :-avi::es . 
S t.:-~::g dese:-: ~ir.ds-wir.r.ow e:..e~a : ed a--~ ­
vial :er=aces, :..eavi::g a ~csa~ :: : : :-ed­
d~s~-Or~Nr. =~ck c:as:s =a::ed "=es2=~ 
pavement.". 

7~e o:..des: :-ocks i!"l :he :o:-: - =w~:: =e~~=r. 

are c : t. he ?:-ecamb:-:..ar. base~er.: ::~;:..ex. 
:~r.~o :..ogies o: : he basemen: :::~;:..ex va:-;, 
but. :nose of :he o:..iest. :-ock appea:-s : : ~e 
quar:z - fe:..dspar- biccice gr.e:..ss . _:-:xe _ 
ar.d 3u::..er c:?-9) :-epor c :~e ;:-ese:::e 
lace ?:-ecarno=:..a!"l ~oonday Do:..or.::e, 
wOnn!"l:..e =crrnat.iO!"l , St.ir:..i:'"lg c~a=::i:e a::= 
~cod Canyon : orrnac:..on .l!"l :he Avawa: : 
~ounca :.. ns . ~ueh:..berger ( :..954) ~ap;ed ?:-e­
::ambrian qua r cz:..:e, phyll:.. : e, do:..:~~ : e, 

mica sch:..st., and un :..cs o: meca- a::desi:e 
!"lo:-:h o f ~each :a~e. Roof per.dar.: s : : 
?aleozo:.. c :net.a- sediment.ary :-eeks a:-e ex ­
posed c hroughou: :he ?ort :=w::1 =eg:.. cr. . 
:dencific at.ion and cor:-elat.:..or. o : :~e 

Paleozoic ::arbonat.e unit.s are based ~;::: 
t.he presence of Pennsylvanian ar.i ?er~ia:: 
fusilinids . 

'.-'!ESOZO:C ROC:<S 

Mesozoic met.a- volcanic rocks 
t.he soucheas:e:-n , cen:ra: , ano ::o:-:'.":e:-~ 

part.s of f ort I=win . :n :~e Seda x=~~ ­
cains, :he Mesozoic :ne:a- vo:..::ani: se=~es 
was named che Soda ~ou~t.a:..!"ls :o:-~a:~::: 
Grose ( :.. 959) . Abbot.t ( :. 9-2) :..a:e :- ~ea­
sured l , i20 :ne:ers o f Soda ~cur.:a i::s 

:-hyol:..ce, lat. ~:e, dac ~ t.e, a::d a::ies::e 
flows . aroad exposu=es o : s:..~:..:..a:-, -=~ ­

dish-brown, ~esozoic meta-~o:..::a::i: =cck 
c :-op out :..n :~e Red ?ass ~i:..:..s ~~3t. 

no:-:~ of t.~e Soda Mouncair.s (~~::dsay, 
199i.) . 

Mesozoic quar:z :nonzor. i:e ar.d ::::e:- ~a=:­
eties o f granic~c ro::k :: r op o~ t. ::: :r.e 
Quail ar.d ~wlshead mount.a:..!"ls , :~e A~awa:: 
Y!our.t:.a.:.r.s, Grani:e :~01..:n:a.:.~s, _.:..-e:::-: 
~cun:a : r.s, A:.~ord ~ou:::air.3, _a::e ~::.:::­

:ai::, ar.d oc~er areas of :~e ~--- ==~~:: 

=e~ion . ~i::e:-a:..c;~= ar.i :ex:~:-a : ~a::a­

:ion o f :~ese ~=ar.~:::: :-o::~s ~s ~== ­
no~r.ced . ~e~?h:e~- average :-ac~ c~e== ~= 
jaces ob:a~nea :!"! :~e so:..ds:c~e a=ea c; 
~:.. :..:.. e= and S:.:::e:- c:.. ?82) :-.:;:::;e ::-:::-. 
:c :.. ~8 ~ . y . ~any c: :~e age =a:es a=e 
:l~s:e:-ed a: about. 3~ :n~::...::n yea:s . 
Sim~~a=:y , rac~ome:r~c age ~ates ~~==.:..~~ ~ 
by ~agner and ~su (:..38-) ~n :~e a:-ea 
!"lorchwes: o: :or: :rw:..n :-anged ===~ 6~ :: 
:35 :n . y . ?:-e- Cret.aceous g=ani:i: p:~::::s 
o f the Fo:-t Irwin region appear :o ~a~e 
been empiace d spo radicaily over a :e:..a­
t.i vely long pe:-iod of geologic :ime . :~e 
"isot.opic clocksn o: some o~ che o :..ce: 
granitic plucons may have been :ese: i~=-
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Mine or mineral prospect* 

Bedrock area surrounded by Tertiary 
and Quaternary sediments 

Holocene Playa 

• see Table 1 for mine names and mineral products. 

Figure 1. Mines and mineral prospects associated with Tertiary playa 
deposits of the Fort Irwin region. 
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Table 1. Mines and mineral Prospects Associated with Tertiary Playa Deposits 

of the Fort Irwin Region 

American Ma11:nesium Mine 
2 Saratoga Saline Prospect 
3 Owls Head Celestite Prospect 
4 King Salt Prospect 
5 West End Gypsum Prospect 
6 Unna med Clay Prospect 
7 Owl Ho le Gypsum Prospect Group 
8 Boston/Valley Salt Prospect 
9 Salt Basin Prospect 

I 0 Avawatz Gypsum Prospect Group 
11 Unnamed Gypsum Prospect 
12 Kingston Wash Mine 
13 J umbo Salt Prospect 
l~ Red Canyon Gypsum Prospect 
15 White Clay Mine 
16 Si lver Lake Clay Group 
17 Barber Bento nite Mine 
18 Bitter Spring C lay Prospect 
19 Pink Lady M ine (Soda Mtns) 
20 Soda Lake Prospect 
21 Cronese Mud Mine 
22 Alvord Zeolite Prospect 
23 Alvin Zeolite Prospect No.26 
24 Alvin Zeolite Prospect No.76 
25 Alvin Zeolite Prospect No.62 
26 Alvin Zeolite Prospect No.41 
27 Alvin Zeolite Prospect No.54 
28 Jackhammer Zeol ite Prospect 
29 Peanut Zeolite Prospect 
30 Ross Mine 
3 1 Mud Hills Mine 
32 Unna med Clay Prospect 
33 Pacific Mine 
34 Be ntonite Prospect 
35 Bomber Moon Clay Prospect 
36 Union Mine 
37 Gunn Mine 
38 Western Borate Prospect 
39 Unna med Clay Prospect 
40 Unna med C lay Prospect 
41 Stacsite Mine 
42 Unna med Bo rate Prospect 
43 Centennial Mine 
44 Bentonite Mine 
45 American Borax M ine 
46 Palm Borate Mine 
47 Barstow Bentonite Mine 
48 Grottoes C lay Prospect 
49 Unnamed C lay Prospect 
50 Monarch Minerals Clay Mine 
51 Potter Bento n ite Prospect 
52 Henz Bentonite Prospect 
53 Hector Tuff Clay Prospect 
54 California Talc Clay Pit 
55 Unnamed Borate Prospect 
56 Columbus Mine 
57 Fort Cady Borate Prospect 
58 Unnamed Strontianite Prospect 
59 Dupont Strontianite Group 
60 Newberry Hectorite Mine 
61 S iberia Clay Prospect 
62 Unnamed Clay Prospect Group 

Magnes ium Compounds 
Sal ine Compound s 
Ce lesti te 
Sal ine Compo unds 
Gypsum 
Clay (Bentonite ) 
Gypsum 
Saline Compounds 
Saline Compounds 
Gypsum 
Gypsum 
Clay ( Bentonite) 
Sa line Compounds 
Gypsum 
Clay (Bentonite) 
Clay ( Bentonite) 
C lay ( Bentonite) 
C lay (BentoniteJ 
Clay ( Bentonite) 
Saline Compounds 
Clay (Montmorillonite ) 
Zeolites 
Zeolites 
Zeolites 
Zeolites 
Zeolites 
Zeolites 
Zeol ites 
Zeolites 
Celestite 
Zeolites 
Clay (Bentonite) 
Borates 
C lay ( Bentonite) 
C lay ( Bentonite) 
Borates 
C lay ( Bentonite) 
Borate s 
Clay ( Be ntonite) 
C lay (Bentonite ) 
Clay (Bentonite) 
Borates 
Borates 
Clay ( Be ntonite) 
Borates 
Borates 
C lay (Bentonite) 
C lay (Bentonite) 
C lay (Bentonite) 
C lay (Bentonite) 
C lay (Bentonite) 
C lay ( Bentonite) 
C lay ( Hectorite) 
Clay (Bentonite) 
Borates 
Borates 
Borates 
Strontianite 
Strontianite 
C lay (Hectorite) 
Clav ( Be ntoni te) 
C lay ( Bentonite ) 

* Traces of zeolite minerals and authigenic feldspar are commonly present in playa clay deposits. Similarly. traces of 
strontianite. celestite and other sulfate minerals may be present in playa gypsum deposits. Halite is the most abundant 
saline mineral in the playa beds. but other sodium and potassium salts are generally present. Assessment of the relative 
abundance of these Tertiary playa minerals in unexplored areas will require systematic drilling and chemical analysis. 



ing an especially intense period of in ­
trusive activity that occurred at about 
80 m.y. 

Mesozo~c sedimentary roc~s tave been 
mapped i~ various par=s o f t~e Mojave 
Desert, but 2.it=le wcrk ~as been done 
within =he Fo rt. Wal~er and Wardlaw 
(1989) propose t~e ~ame Si 2. ver : ake For ­
mation : or a sequence of metamorphosed 
early Triassic· sil:s:one beds, limestone, 
and cher=y limestone i~ the Soda ~oun­
:ains. T~e Silver :a~e ? ormation res ts 
unconformably on simila r Permian meta ­
carbo:1ace beds. 

c:::~c ZC:;: C ?.CCKS 

~ertiary sedi:nen:ary and volcanic rocks 
are wide:.y distributed about Fort Irw i n. 
Volcanic lithologies i~c!ude thin - bedded 
airfal:. tuff, ashflow tuff, mass i ve la ­
hars , and flows. Andesite and dacite are 
the most abundant vo lcanic lithologies, 
although rhyolite and basalt unit s are 
present. Tertiary sedi mentary rocks in­
clude conglomerate, sandstone, siltstone, 
and evaporite deposits. Late Cenozoic 
sediments and colluvium exposed in the 
reg i on are derived largely. from Tertiary 
volcanic r ocks . 

The Tertiary stratigraphic section, both 
north and south o f Fort Irwin , is charac­
terize d by rapid lateral changes in li ­
thology and thickness . Among othe r 
things , that suggests that the strati­
graphic section accumulated primarily 
dur i ng episodes of tectonic activity 
(Dibblee, :. 967 , p . 5> . 

GEOLOGY SOUTH OF ?ORT IRWIN 

In t he Calico Mountains a rea, between 
Barstow and the southern boundary o f Fort 
Irwin , felsic volcanic tuff of the Mio ­
cene Jackhammer and ? i ckhandle formations 
rests unconforma bly upon Mesozoic inter­
mediat e volcanic rocks, grani t ic plutons, 
a nd Paleozoic roof pendants. 

In the northwes tern part of t he Alvord 
quadrangle, the Plioce ne (?) Lane Moun­
tain andesite conta i ns about 1 00 me t ers 
o f tuffaceous bedded sediments (Bvers , 
:.960, p. 39-4il . This :..init unconformably 
rests on the ~iocene aarstow Formation 
(Dibblee , 1968, p . 31). ~he :niddle and 
upper ~iocene 3arstow ?ormation is up to 
1360 meters thick and consists of con­
glomerate, algal limestone, sands t one , 
tu:f and sha:.e. The Barstow Formation is 
exposed from jus: southeast of Cuddeback 
Dry La~e to 3itter Spri~g. In lower Black 
Canyon and elsewhere, it disconformably 
over l ies the ?ickhandle ?ormation . East 
o f Calico , the 3arstow Formation conform­
ably overlies the Spanish Canyon Forma­
t i o n, which consists of nearly 1 00 meters 
of sondstone , conglomerate, tuff, and 
vesicular basalt (Byers, 1960 , p . 22>. 

The Pickhandle Formation consists largely 
of ashflows, airfall tuff , and volcanic 
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b reccia . It is almo st 8 5 0 meters thick in 
p l aces and e xposed from Cuddebac k wr y 
Lake to the Calico Moun t a i ns . In :~e ~~d 
Hills, west o f the Calico Mountains, t~e 

?ickhar.dle Fo r mation con:ormab:y over:.ies 
:he Jackhammer Fo rmation . ~he Jackham~er 

: ormacion consists o f near ly 50 :ne:ers o f 
arkosic sandstone, siltstone, limestone 
and conglomerate . 

G20LOGY NORTH OF FO~T I~W :N 

The basal part of c~e TerL~a~y sec~ ~s~ ·~ 
the northern Avawat z Mounca!r.s ar.d so~:~­
er~most 9eath Va lley regio~ ccr.sis= s c : 
:hin- bedded, laterally contir.uo~s, 
:.acustrine sediments, evaporites, ar.ci 
volcanic cuff . The over :.y i ng Ter:iary 
section has hundreds of meters o: c:.as:!c 
lacustri ne sediments, evaporites and 
thin - bedded t uff. Incised :erraces c: 
Tertiary fanglomerate a nd co:.:.uvi~~ con­
ceal parts of the older playa deposi:s . 
Deformation and erosion o f the : er:iary 
playa depos its has been intense in =he 
northern Avawatz Mountai ns . 

INDUSTRIAL MINERAL DE?OS I TS 

CLAYS 

There are numerous occurrences of ca:­
c i um- rich bentonite within :~e Barstow 
:ormation (Silva and Eyde , 1991) . nyciro­
geologic conditions exist in some pa r =s 
of the Fort I rwin that may be favorable 
for the formation of valuable sodium and 
lithium- based clays. The Newberry ­
Hecto r i te deposit is located 50 ~ilome­
cers south of Fort Irwin . ?ervasive hy­
drothermal a lteration associated with 
Ter~iary volcanism has convert ed rr.yoli:e 
airfall tuff t o hectorite . 

Gunn mine - The Gunn bentonite mine ~s 

located 5 kilometers northeas t o f ~er~o . 
The minerals sepiolite and hectori:e ~ave 
been observed within a narrow fault zone 
in the main pit . The presence o f these 
special clay minerals strongly implies 
that in situ tuf faceous sediments have 
been altered by low- temperature geother ­
mal activity in the pit area (~egis, 
:!.9~8 , p. 6; Norton, :965, p. 165). So·..::r. ­
west of :he Gunn mine, ben:cnice is asso­
c iated with : to 4 meter thi:k ~agr.esi:e 
beds. :n addition t o aut~i~enic ~:av 
minerals, nearly a:.l o : t~e :lay spe:~­
:l'.e!:s sampled i:1 :.his :-eg:.o~ ·.vere : :·_::--.C. 
contain zeo2.ites (Sheppard and Gude, 
1969 , p. 114; Stinson, i988l . 

A 2 meter thick bed , consisting o: ?: 
percent authigenic potassi~m feldspar, 
c r ops out in the eastern Mud ni lls. 
Authigenic potassium feldspar common:! 
forms when bentonite- bearing and zeo:.i:e ­
bearing cuffaceous sediments are confine~ 
in a highly alkaline aqueous enviror.men:. 

Barber Bentoni te Prospect - The Barber 
Bentonite prospect was probably discov­
ered around the turn of the century. A:­
tempts were made to develop :he depcsi: 



prior to :93 C, and the :ast known owner 
was A. M. 3arber o: Los Angeles . Older 
C)MG reports give a location that i s 
about : .5 ~i!omece r s sout h o f 3 i cyc : e 
~aKe and 3 ~i:aTeters ~or~~east o : ~a=l.:.c 
Spring . ~~e jeposic is :=ca:eci wi:hin 
? o r: : rw i ~ i n a~ area where cuf:aceo~s 
sedimer.:s are capped wi:h basal: and ex ­
posed a:cng =~e ~er~~eters cf s~a:l ?:a­
yas . C~~G arc~ive pho tographs shew :hat 
: he gen: : y j i pping ber.ton i te de posit is 
~ea=:y : 2 ~e=e=s =~ic~. Ear:y l:=e=atu~e 
references state :~at it is expo sed : or 
~ea= : y a ~: :c~eter . 

Se~era: a:cemc:s :o ve ri : y :he : oca:io n 
c : =~e o :~ 3a~be= ~.:.~e s ~ ~e were unsuc­
cess:·_:.:. :--l c :..;e·1er, :usi: wes~ a : 32..::yc2-e 
:a~e , ~~n~e: and ~i:ey (1359 , p. 239) 
describe a vo: canic un i : wi:h a :s :o 3C 
meter :hick bed c: :uf:, tuffaceous sand 
and agg!o~era:e ac :he base. ?rior :c :he 
estab:ishment o: ? o rt :rwin, mining 
c:aims were located west o f Bicycle :ake 
by Benconite Clay Syndicate and Pomona 
:i:e Company. 

Bitter Spring Clay Jeposit - The Bit:er 
Spring saline clay d eposit is 9 kilome­
ters sout hwes: of Red ?ass lake, where 
unconsolidated alluvium, wind-blown sand, 
and U.S. Army barbed wire severely limit 
vehicu:ar movement . Bitter Spring is the 
most impo rcan: wi : dli f e re f uge in the 
? e re Irwin region. Several yea r s of con­
certed U. S. Army effort to restrict ve­
hic~lar and foot access to Bitter Spring 
has resulted in remarkable enhancement of 
deser: vegetation and wildlife at the 
spring . T~e pale brownish- gray bentonitic 
beds exposed at Bitter Spring, a l though 
representative o f Miocene clay deposits 
of :he region , have not been mined . The y 
contain ha!ite , chenardite, authigenic 
:eldspar , and minor ill i te, gypsum, cal ­
ci:e , and ana:cime. The mineralization is 
indicative of authigenic alteration o f 
:uf:aceous sediments. 

The Bitter Spring clay deposit is in an 
area underlain by Cenozoic volcan i c rocks 
and sediments derived fr om volcanic 
rocks . Basalt , rhyoli:e , and dacite 
: : o ws are exposed throughout the region , 
as are airfal: tu:f and ashflows . Late 
:er:iary ar.d Quaternary lacustrine sedi­
~en:s in :~e regior. consist large : y o : 
rewor~ed air:a1: :uf:. ~he fine - grained, 
Ne:: - sor:ed , :a~e bed sedirnencs of Bic:er 
Spr~ng are brcwr.ish - gray, scrixe N2CW, 
aip 20NE , and have the appearance of 
:eached " sa:: :lay" . Similar sediments 
are e xposed in :he area north of t~e 
A~awa:: ~ountains . :he saline clay beds 
and over:ying dacite ashf low tuf: units 
a r e displaced by a Quaternary (N20W) 
:au:t passing t~ rough Bitter Spring . Mi ­
nor ~ertical offset has caused ground 
water to surface at t he sp r ing. 

Silver Lake Clay Mine - The Silver Lake 
clay (and gypsum) mine is located in the 
rugged soucnern Avawatz Mountains, 4 ki­
: ometers east o f the Fort Irwin boundary. 
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Thirteen meters of altered, nort~ -d i p­

ping, tuffaceou s sedi~ents are expo sed·­
the open pit . ?ale greenish- g r ay c :ay and 
gypsum be d s c r op out a t an e:eva: i c :. c : 
about 533 meters . The Si:ver :a~e de ­
pos i: , as wi:h o~~er benc on i:ic deposi:s 
o f :he central Yrojave Jeser: , appears :c 
have be en discovered aro~nd :~e ::.:rn o: 
~~e Cen: ury . ?ros~ec~ ~i~s are s~a~:e=ed 
about c~e area . Severa : ~undred :ens o : 
mater~a: ~ave bee~ ~~~ea ==~~ a :a=;e= 
c _a y ;n:. 

The Silver :a~e c !ay p~: is : =ca:ec ·· -­
~ay OetNeen b=oad Ce~ozc~c 9~ay~s ~ ~ ~~e 
Nes: and east. !~e p!ayas :f ? : r: :r~i ~ 
(to :he west ) cor.: a~n 3ars:cN ?or~a:i ::. 

: u :faceous sedixen:s, and fie:d e?ije~:e 
s~gges~s :hat ~icce~e c u r:acec~s se~~­

rnents equiva l er.: : o :he 3ars:cN ?or~a=~=~ 
a:Cso :.mderlie SL:.ver :.ake (: c :he eas:J. 
The upli f:ed sedirnen:ary expos u res : : 
Si:ver ~a~e ?ass ar.d ~ed :a~e ?ass a~~ear 
:o be out lie rs o : a syscem or ~ncerc:n ­

necced ~ertiary lakes. 

The lacustrine sediments a: Silver :a~e 
Pass are overlain by poorly sorted 
fanglomerate beds. The sequence a: :~e 
mir.e stri~es NIOW and dips 60 degrees 
northeast. The beds are folded, ~pli::ed, 

and truncated to the south by a : ace 
Cenozoic f ault . Roc~s s outh o : :~e - -- -­
are uplifted wich respect :o r ocks ::. :~e 
north . 

ZEOLITES 

Mud Hills Mine - ~he Mud ~i::s zeo : i:e 
mine is located about :s kilorne:ers :.er:~ 
of Barstow, two ~i :ome:ers Nest o : ::p~er 

City Road, and is accessib:e by an 
unpaved road . It lies in an area o: 
gentle hi!~s at about 900 meters e:e~a­

tion . The Mud Hills zeolite d eposi: Nas 
p r obably discovered be:ore zec:i:es be­
came economic minerals . Occidenca: ~~:.er­
als Corporation began ::ieve:oping :~is 
desert property in 1978 and de:i~ered 
s e veral thousand tons o f zeoli:e prccuc: 
(clinoptilolite) to 3ritish Nuc:ear ?u ­
els, Ltd. (3NFL) in :981. 3N=: ·...:sed :V:u::i 
Hi::s zeolite prod~ct to absorb n~c:ear 
waste spillage. According :o S~!::in?S' 
Mining Review (~988) , Oak ~idge ~a:icna: 
Labo~atory scienc:s~s deter~.:.~ed :~a~ 
c:inoptiloli:e :ram :~e ~~d ~i::s ~i:.e 
;:)•_:;: ::>e:-:or:ned :_y ~t.:-;er ccmmer::.:.a. :: ~­

avai:ab:e ~at~~a: ~~~ syr.~~e~:~ =e ~ :~:~s . . . . . -
~~ removi~g raa~cact~ve ~ sotcpes :re~ 

nuc!ear wasi:e materials. :'he 31\? : -~ · · 
:race amou~: Nas r epor:ed =~ ~ave ~ee:. 

54 , J 00 , 000 :or a 2G- year s~pp:y . 

?he:ps - Dodge Zeo : i tes purc~ased :~e -·-= 
i~ :ace 1982 and continued t~e cc:.:ra:: 
cpe r a: i on with 9NF: . :he !as: s~i?~en:s 
were probably made in 1984 . ':'~e xi:.e ~as 
purchased by Steelhead Resources, _t i . 
1988. Several thousand tons of 
clinoptilolice- b e ari ng ~ateria: ~s nea::~ 
stored at he mine in bulk p r oduc: bags . 
The Mud Hi ls zeolite deposit occurs 
within gen ly folded tuffaceous sedi~e~:s 



of the Miocene Barstow Formation. The 
main zeolite- bearing uni: is a 3 to 6 
meters thick , :aterally co~tinuous, air 
:all rhyoli : e :u:f that s:ri~es east - west 
and d i ps abcut 15 jegrees :o :~e sou:~. 
~=os~8r. and :opog=aphy :~~~= :je s~=:ace 
exposure of :~e beds . Zec:i:e reser~es 
and resources at :he Mud ~i: : s ~ine are 
also limi~~j by the de9th v: zeo:~~ic 
alc.eration. 

~he Mud Hi:ls depcsi: is a closed-bas!~, 
~o:canoger.i:, zeo :i:e deposi: ( S~eppard 

and ~ude, :969). The pri~cipal zeoli:e 
mineral ~t ~ie Mud n~::s m~~e is cli~­
cp:i:o :i:e, a po:assiu~-rich ~arie:y o f 
~e~:andice. ::~nop~ i :oli:e c o ncenc c= 
pit - run ~a:eria! ranges :rom , 0 : o 90 
percent wic.hin t~e deposi: (Stir.so~ , 
:988 ) . The cell spacing and physica : 
character of clinoptiloli:e i s we:l­
suited t c absorb cesium- 137 and stron­
t ium- 90 , two impor:ant nuc l ear was:e 
isotopes. 

GYPSUM, CELESTITE, AND STRON~IAN!TE 

Owlshead ~ountai~s Evaporite Deposits -
Celestite and gypsum beds crop out in c.he 
area south of the Owlshead Mountai~s. The 
Cwlshead beds are genera lly :ound with 
brown salt clay, tan smectite clays, and 
o ther thin - bedded sa l ine lacustrine de ­
posits . These beds are f olded, truncated, 
displaced by late Cenozoic faults, and 
overlain by a thick blanket of Plio­
?:eistocene fanglomerate. Structural com­
plexity of the area makes stratigraphy 
ar.d lateral extent of individual beds 
difficult :o measure and document. 

Celestite is present as a discontinuous 
meter- thick bed , thinner beds , and as 
concretions within the narrow celestite 
zones . We did not estimate in situ ton ­
nage , but the Owlshead/ Avawatz prospects 
undoubtedly have many thousands of tons 
o f gypsum and associated celestite. A 
meter thick gypsum bed, brown salt clay, 
and other lacustrine sediments strike 
east - northeast and dip northward under 
fang l omerate at a road cut 500 meters 
south of Owl Ho le Spring . Nodules of cel­
estit:.e were observed in gypsum b e ds just 
east o f this outcrop. About 150 meters 
~orth o : t h e gypsum e xpo s ure, the g ypsum­
sa l i ne beds r eappear, but strike nort h­
west and dip t o t he south. 

~ypsum, ce:estite , a nd salt depo si:s o f 
t he Ava watz and Owls head mo untains are 
e asi:y reco gn i zed i n the fiel d and aerial 
p hot ographs by sharply contrascing dark 
b r o wn , beige, and wh i te bedding. 
Strontianite (SrCO, ) was no c observ e d i n 
:he Owlshead/ Avawacz area. However, it 
has been mined from units o f che Barscow 
Fo rmation in the Mud Hills . 

BORATES 

Miocene l a c ustrine deposits under l ie muc h 
o f the Fo rt Irwin region, and simi l ar 
beds in t he west ern Moja ve Des e r t ha ve 
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produced borates . Several bil l ion dol :ars 
worth of borates have been mined fr om :he 
Miocene Tropico Group at Kramer, wh i c~ is 
:ocated 70 kilometers southwest of ::r: 
:rwin. USBM records indicate cha: ~ore 
:tan $9 , 00 0 , 000 worch of boraces ~a~e 
oeen produced from :nines i~ =~e easter~ 
Calico Mountains area. Sma:: b o rate de ­
posits also occur in che Mu d ni::s, and 
possible traces o f colemani ce ha?e bee~ 
reported within units of the : ane ~c.:n­
ca~n Andesite (Byers, i960 , ?· 4:., 65 ) ... 
:ace :erciary o r ear!y Qua:er::arj gra~e: 
bed is exposed near che sou:hwesc ::r~er 
of che Alvord ~oun:ai n quadrar.g:e. :~e 
unic consists :argely o : andesi:e je:r~ ­
:us , but also co~cains a 300 c~ :~i=~ ~ej 
~ E bentonitic si ~t wi:~ :o:e~a~~:e, 
sum and celes t i:e (Byers, 1962 , v • .;2, 
65 ) . 

Borates and nitrates have been repc r:ei 
in che area north of che Avawacz ~c~~­
cains. Due to the scope o f :his ?rc~ ec: 
and a limi:ed amount of time avai:ab:e 
:or mineralogical field wor~ , we Nere 
ab l e to identify only the more co~rnon 
evaporite minerals: gypsum, celesc i: e , 
halite, and trona. Regard!ess, h is:o ri:a : 
accounts of the saline mineral ? C:er.:ia: 
of the area may have been somewhat exag­
gerated . Bailey (190 2, p . 63 , 1 / 6 ) s:a:es 
chat "Borax in considerable q uanci:ies 
has been found in che nite r 
fields ... along the flank of :he Av awa:z 
range ... " . He also reports col emani:e 
associated wi t h niter in t he area s c~=~ 
o f Ow l Hole Spring. Afcer extensi~e sa~­
pling , Noble (1931 , p . 24) could ~G~ =: ~ ­
firm Bailey's borate occurrences. :c ~:e~­

porary workers have also failed : o = = ~ ­
firm the existence of boraces in :~e 
Owlshead area . A sediment sample c c : ­
lected by the Bureau of Land Manage~e~: 
from ?ipe Line Wash yielded a n anc~a: o~ s 
boron value . 

SALINE COMPOUNDS 

Avawatz Mountains Evaporite Depo si: s -
Several important salt prospects ha ve 
been idencified along the no rthern ::an~ 
o f the Avawatz Mountains. ~his re~c :e 
area is accessible by unpaved des e r: 
r e ads from Highway 127 , s outh o : :ea:~ 
~al :ey . The Boston / Va lle y sa l : ? r cs;e : : 
is l ocated in t he ~o r:~er~ fcc:~ i:: s : f 
:he Avawacz Mouncains, a f e w h~~=rei 
:ne c.ers south o f Ca ve Sprit:g ::<.oa c , _. ~ 
~ilometers no rt h o f : o r t Ir·,;i :: .. ~e ~.::-:-::: : 

pro spect is 4 kilometers wes: o : Shee; 
: ree~ Spring . Tr-e ~ing pros?ec : i s .; ~ ~­

!ometers s ouchwest o : Saratoga S; ri~g . 
:~e Sa:t Bas~n pro spec: i s :~ca:~d ~ ~ ~­
: ometers no rt hwest o f )enn i ~g Spri~g . : r.e 
Nest ~nd deposit is exposed a t a ; ==~~ ­
~ent h ill at t he s out hern bour.da r ~ -­
Death Val l ey Nationa l Monument . 

A narrow depositiona l bas i n f o r:ned a. -~ · ·-1 
t he Garlo ck fault during t he Tert i a r 1 
Period, and sediments mapped by 
Muehlberger (19 54) 1 0 mi l es wes c o : : eac r. 
La ke are similar t o t hose exposed on = ~e 



nor:h : 1ank o : :he AvaNat:z ~ouncains . 
Srady (1986) aiso mapped t~f:aceous and 
sa:ir.e deposit:s in :~e Jenning Spring 
area . : he Avawa:z For~a: ~or. ==cu rs er. :he 
west: side o: :he Avawa:z Mc~n:air.s ar.d 
excends sou:hward !nco : he Soaa ~cun:air.s 
c::enshaw, :. 339 ; ::::r-ose , :. 95? , ;:i . :.534 ) . 
!he upper ur.i: o: chis : o rmacior. car.sises 
o : :u:: and ccarse- grained sar.cscor.e . J n 
:he wesc side o: :ne Avawa:z Ran;e, 
so~:heas: o: Cave Sp r ir.;s, 3ai:ey (!902) 
no:ed :~e cc=~rrence o : ~ :exi:e wi:h s o ­
oi~~ carbor.a:es ar.c su:;~aces. 

:~e region wa s :irs: syscema:ica:! y ex ­
p:ored in :9:: bf A. : . O:iver , : . J . 
Rasor, ar.d geo!ogisc ~.O . Lewis :or :he 
;._·Ja.·111at.z Sa:-: a::::i ~:,..'psu::; C:ompa~ y . -·· :_94:_ 
a::d :.94 2 , ~~ :. ~:: ?ac ~::.c ~a~:=cad :om9ar.y 
a.r:d 3as:.::: Y~agr:es:.um, -··"- . :oi:1\:::.y :rra!J~ed 
and dri::.ed : he 3oscor. va ::ey depos ~ : . 

Sorne exp:oracory workings were deve:cped . 
: r. :.942 , a deve:opmen: s~mmary repor: Nas 
prepared by rt.C. :ee and ~ . F. Bayer . An­
oche r summar y report: ·t1as prepared by rt.S. 
Ga: e i n :94 7 based on :ield work done by 
::::a:e and : . ?. Noble in : 942 . No syscem­
acic explo rat:ion , deve lopment:, o r sa:: 
~inir.g has :aken p:ace since 1942. s a:ine 
rr.ir.era: reserves and resources are summa­
rized ~n :able 2 . 

:he 3os:on/ Valley salt beds, and all :he 
ocher prospects , crop out: in a deser: 
region not:ed for incense cect:onism and 
harsh clima:e . The Boston /Valley beds are 
cruncaced and displaced by slivers o f t:he 
Jeach va:ley :ault: zone. ~iocene and 
?l~ocene sale beds are underlain by basal 
cor.g : omera:e and brecc i a, and ove rl a i n by 
P!io- P:eiscocene :anglomerat:e . Ter:iary 
volcanic ::ows , lacuscrine clascic sedi ­
~encs , and a:cered cu: f exist: chroughout: 
che scracigraphic seccion . 

:he b r own c!ayey sale beds cont:ain layers 
o : sa: c and gypsum , and nodules o f celes­
:i:e . Bas~= ~agnes ium, : nc . dri:: cores 
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demonscrace :hat: sal: beds ex:er.d : o a 
depch o f at: :ease 83 ~ecers . Assays : : 
samples :rom 2~ dril! ~o :es indi:a:e :~a: 
:he 3osccn /~a : :e1 sal : beds :on:air. a~:~: 
90 !)ercer. \: ha: i:e, 9 9er ce::t. Orc·.vr. ::..::.:_.;, 
some gy9sum , and :races o f oc::er sa:ine 
::-.i::era:s (Ga:e, :::MG ::.le :::e;:io r-:, :9.;- i 
Noble and cchers ( : 922) exam~~ed :::e 
Avawacz a=ea :o= :~e ?rese~ce ~= ~~ ­
t=at.es . ~~ey ~~r.=:~ded :~a: :~e ~:.:=a:.e ­
beari~g ca:..i~~e Nas ~~ec~nc~:. ~ =~e :.~ :.~~ 
sma:: s:.ze :: : :.=--.e a:-:=. ( :., :: : 3..:::-:s ) , -=- ... 
:ow concen:rac~:n c:.-3 : o 2.:.: ?er:en: J 

:he : o re : r win r eg i on h as ;ccd po:e:::ia: 
:or :~e deve:cp~en: = ~ ::a;s, :e:_~:as, 

oora:es, gypsun, ce~es::.:e, ~~j 3a:..:~~ 

m~~e::a : s. ?cce~::.a:.. ~~~e=a:.. ~=~~~.::.s ~s ­
sociaced ~i:h :er:iary ? :a1a iepcs::s 
:~c~ude ber.~o~~:~: .::..ays a~d ~e~:..:.::s 

derived :rom d~agenesis : : ~a!si= :~:­

:aceous sediments. ~osc o f : ::e =:a~s a~ ­
pear to be calci~m- r:.ch be~:~n~:e, =~~ 
che mo re valuab:e sodium- anti _i::::~~­
based benconi:es appear : o be rare (S ~:~a 

and Eyde, 19 9 : ) . 

:r. areas where bedded :ac~s:r~ne ieccs ­
i:s have not: been exposed by :ec:or.i: 
up!i ~t and ercsion, eccno~ic :eve:=p~e::: 
can only be accomplished by sysce~a:~= 
exploracion drilling . ~hu s, abo~: 9C ?er­
ce nt: o f ~he desert: p layas of :~e :er: 
Irwin region have noc been s1s:e~a:::a::; 
explored . 

Abbocc, E . W. , : 972 . St: ra:igrapr.y ar.d 
pecrography of :he ~esozoi: vc:=ar. ~ : 
rocks o : sou~heas~e=~ Cal:.:~=~i~ : ---~ 
Un iversicy, ?h . D. :hesi s, :;_95 ? · 

Bailey , G .~ ., l90 2, ~he saline ~eocs~:s 
o f Cal i f o rnia: Cali : o rnia Sca:e Xi:: ~ n; 

9ureau, 3ul:ecin 24 . 

Table 2. Saline mineral reserves and resources o f the A vawatz-O wls head Mountains. 

Resource Area Measured Reserves 
and Resources (tons 

Indicated Reserves 
and Resources ! tons J 

BostonNalley' 
Salt Basin' 
Jumbo' 
King' 
Owl Hole Springe 
Owl Hole Springe 
Jumbo. Salt Basin. 
Celestite Hills. 
Cave Spring Wash' 

Calzta and other< 11979l 
: Koch and other. 1 I 9ll4 l 
' Durre ll I 195.l) 

Salt: 1.300.000 Salt: 15.000.000 
Salt: 3.960.000 
Salt: 1A85.000 
Salt: 99.000 
Gypsum 800.000 
Selenite 10.000.000 

Celestite 300.000 
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