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The study of the Reynier Canyon "Modelo" fauna and the related 

stratigraphy was supervised in its initial stages by Dr. Willis P. 

Popenoe1 and later by Drs. J. Wyatt Durham and c. w. Merriam. All 

ehowed. a continuing interest and ottered numerous suggestions. ?!any 

of the fossil identifications were made with the assistance of Dr. 

Leo G, Hertlein, who 1d.ndly gave the author access to the collect.ions 

of t.he Calitornia Acadelq or Science. A critical. reading ol the manu.­

seript. by Ors. Dur.baa and Hertlein and R. a. Jahns and c. w. Merriam 

of the Calltornia hstitute of Technology is gratefully acknowledged. 
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ABSTRACT 

An upper Uiooene marine •llucan fauna oeeurs in basal "Modelo• 

JHmd.etones that flank Reynier CaAJOft of the southealltem portion of 

t.he Ventura baein, Loa Angeles Oount7, Oalltomia. Here two outliers 

ot these beds are noncontormable 04 oonti.netal siltstonu and tut.f's 

o:t tb• Jti.nt Can..ron tormation. The "Jlodelo" aandstones grade upward 

into plmlt;r diat.omaceous shales also ot the "llodelo" sequence, tbat con­

tain ~ et. obiSW!Q! and a foraminit'c:-·.;U fauna reported. to be 

Mohrd.an in &&•• file ebalea of one outliv are wicontormably overlain 

by other marine sediMnt.e. 

The upper tioeene age ot the basal "llodelo" beds ie indicated b7 

the presence ot C~nt6a ot • .martAea:, Do~ u.nol..!i, ~ct~ 

••rtil!B!! ••·• §,Bal.a M!!W• Ttvw !!&•bloe9!1:s. and a large 

0!\rel• Approd.matel.7 halt of the tol'.U in the Rcqnier CaD70ft "Modelo" 

tauna also ooev in the El,,_re CaDToa fauna; these include 

LaeY!cal"diwa een~itiloswa, !!• S\~~WI var. (ernand&en.se, 

L!!!!:!! ~ut.£allil, Cyoellari~ •l9renlie, £• ill!ehill11 £• tritonidea, 

SUX'culite! NmOndii, Murithai.1 e~dri4e~· Hucul.ana t,ap~a, and 

Turrit.eUa ccoperi. The Elsmere Canyon species Patinopecten lohri, 

Astrod!fl~• iernandoe.nsis, and Dendraater sp. are missing trom the 

"Modelo" f'auna. 
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The position of the Jliocene-Pliocene boUftdal7 in the sediments of 

the eaatern Ventura Baain ha.a long been a subject of interest to students 

of Oalitomia Cenozoic etratigraph.1. In this rep.on, during upper 

JH.ocen .... lower Pliocene tiu, both non-marine and marin.e beds were de­

posited. Tbe non-marine 'bed.a, several thoueand teet thick, comprise 

the .lint Canyon f onaation, and cona1at predominantly ct sandstone, silt­

ston.e and oongl.om.erak. The marine bed.a, several h\llldJ:oed feet thick, 

are mostly sandstones, silt.stones amt diato•oeoue shales. These haft 

been correlated with part of the "fodelo" f oration. 

The contact between t.he two fomations.is exposed along a north­

west-trending belt about 18 miles long, and ex:t.eruiing from the Elisa• 

beth Lake CanJOn an• on the northMat to the Sand Canyon area on the 

southeast. For a distance of about 12 m1lea between Elizabeth Lake 

Ca.nron and Bouquet Cat\1'on, the conta.ct•a u:posurea ~ almost continu­

ous, but southeast of Bouquet Car.t1'0n it is overlapped b7 poat-"Modelo" 

tontationa. In the Sand Canton area "Madelon bed.a are contained in two 

erosional outliers resting upon tint Canyon strata. 

ie-.J in hi• piOAMl' reconnaiaeance atw::IT ot a part of the ea.stem 

'}/ Kew, w. s. w., Geology and oil resources of a part of 
Loa Angele• and Ventura Counties, Cali.torniai u. s. 
Geol. SlU'fty Bull. 75), P• 68, 1924. 

Ventura Basin, described the "Modelo" beda eJq>OHd 1n the Dr,y CatJTo.n, 



a. 

Bouquet Cat>Tml and Sand Caeyoa area.a a.a unco.ntorJU.ble upon eeclimen\s 

of the Mint Ca.rqoA formation. In expoaures or the contact. north of 

D17 Cat11on, however, Cle.m.J/ has report.eel an apparent lateral &nd 

JI Clements, T,, Structure ot tbe eout.heast,em part. of Tejon 
Quadrangle, CalU'ornia= Am. Assoc. Petroleum 
Geologists BWJ.. 1 vol. 21, no. 21 P• 2151 Feb, 1937. 

'JI Jahns, R. H. 1 Stratigraph,y of the east.ernmoat. Ventura 
basin, California: Cam. Inst. Wash. Pu.bl. 5141 
Plh u,., ... 191.,, 1940 • 

U-
latv, detailed study ot t.be vicini\y of ~cruet Canyon area, concurred 

'4\h ltew•e clescription of the uncontond.t.y in t.bat iiU"$&• 

Re1nier C~, a small tribu\ary ditaininB nortbeastwud into Sand 

CUTOA1 sep~atea the two "Jledelo" outliers. The "Jiodelo" sediments of 

the la.:rg41' outlier / wbioh ia 1-edia:t.ely northwest ot Reynier Canyon, 

are in tum o'ffrlaia bf ~ Oed.a ot the Pieo fonaation and by Mn­

ata.r!.ne bed.1 ot \be SauiWJ tormation. 'fhe other contains only •~-­

sedimenta. The ttlfodelo" ooctUTenoee in both outliers were apperentl.7 

at one time joined to the mo.N a.tensive exposures of the .tonnation in 

tho .BGu.quet Carqon area. 

The data oont.ain.ed in the present report wen gathered along the 

aout.hem border of the .aort.J:lweatem outlier. Here t.he uneon.tormtty 

separating t.he JU.nt Caft10ll and "Uod.eJ.o• torm.ations, as previousl.T re­

ported by r..J/, 1s elearl;r ahown. In this area also, the basel 



fallft&. 

Invertebrate collections from the '*.Modelo" beds exposed t,o the 

nor\hwest of Bo\uet CarrfO,.;/ have been assigned to the uppermost Miocene 
~ . 

JI Kew, w. a. w., op. cit. 

Woedrit'llb w. P., Age of the "Modelo" formation ot the 
Santa lf.oaica Mountains, California (abstract) i 
Geol. Soc. America Bull,, vol. l+l, P• l5S, 19)0, 

.Ma.xson, J • rt,, ltt.oeene-Pliocene bou.nda.ry: a paper pre­
sented before the 15th annual meeting of the 
Pacific Section, Amer. Asesoc, Petrol. Geol., Los 
Angeles, Cal.U'ornia, November 31 19)8. 

White, R. c,, and Buttingto.n, E. c., Age of the Modelo (?) 
beds 1n Haekell and Dey C~ona, northern Lo:a Angeles 
County, Calltomia (abstract): Geol. soc. 11.meriea 
Bull., vol. 59, p. l3J9, 194!. 

9f Stock, Chester, as cited by Kew, vt. s. w., op. cit. 

'JI Maxson, J. H,, A 'tertiary mamm.al ian fauna trom t.h.e lint 
Canyon formation ot eouthem CalUorniat Csr~gle 
Inst., \:vaahington.1 pub. 404, :PP• 77-112, 1930, 

who haft studied the ve-rt.ebrate tawia ot 1;he Mint r.~on beds, conclu­

ded that these also were deposited. 1n upper Miocene time. The Mint 

Canyon fauna,, however, includes the genus .!;P~a,rio.n, a to::rm that most 

vel"tebra.k pal~tologists condder a guide to the Pliocene. StirtoJ/, 

§/ stirton, R. A • ., Critical :-~view of the tint Canyon 
mammalian faun.a and its correlative significance: 
Amar. Jour. Sci., Sth ser., vol. 26, No. 156, 
PP• 569-573, December 1933. 



in a or1Ucal i-en• et the problem held tro thle conventional. conc•pt 

and a.d'YMatad a lower Pliocene age for the JO.nt CaftTon forutioa. 

Tlie age problem., theNfore, invol'h8 a. SftlldAg anomal.1 in Which 

mar.:Lne beda wit.h an uppenoot Jliocene ilwvteb:rate f aWt& waeontornaab]¥ 

ovvll• ~· beU ocmtaiAlng a ft~ebrate fauna J'eOOpiaed b7 

moat ven.brate pal~ologists as J.o-wv Pllocen.e. 

A conciliation ot then conflict.ing iaterp:retaU..n.s will not be at­

tfllllP\84 hen. lt ls hoped.; mwevv, that additional data will usiat 

in such a ooneW.atiOA and will lend precision to the correlation of the 

*'Hodelo" forJU.ti.on ot •astern Ventura baai.n. 

TOPOGRAPUC AID GBOLOGIC 11!'.WUS 
CF THE ·lU&IHDm CA.NIGi AW. 

Reynier ~, & feat.1.lre of npderate relief, has been cut. in 

Te~ aad ~uat.X'ftQ17 sod~ unts, which, in general, dip norlhwa.N 

traa the t17stalllr1e 2"0cks ot tbe north nank et t.he San Gabriel laap. 

The caA10Ai for mos\ of its oovae, follows the atl'ike of a relati'fel.7 

uar4udat.ant, .U\7 part ot the lint~ formation, The canyon wall.a 

&l'9 uaci.:rl.dn prlncipally by the "1.ativel..r resistant aandy and con.­

glomeratic beds lower ii\ the lint Ca1qOn formation, and b;r the elitf • 

tol"ll'd.n.g eandstone and 8hal.1 beds ot the "Modelo" f~tion as ~sed 

1a the outliers .flaWd.ng t..be cantoa (pl. l) • 

The atnem ehemlel is drJ1' except d\U"ing periods of heavy winter 



'·· 
rains. lt drains f!Wl a common divide (el•vation about 2010 feet) 'Id.th 

Placerit.a Ca.rqon, and joins Sud C8J'l1'0ft at a point about one mil~ to 

t.lle northeast (elevation about J.800 feet). 'lhe cliffs along the south­

om edge of the ldgel' outlier riee to an elevation of about 2300 teet. 

Th• CUVon bottom, tor the lower halt ot its length, ha.a an alluvial. 

tUl:i.ng iat.o which \he present s\reaa channel ha.a cut t.o a depth of as 

m.uch ae 10 feet, 

, 'the basal "IOdea• beds contain.:tn& the fawia herein. described e.:re 

immedia.t.ely west to west-southwewt, ot the lleynier Canyon-Sand ~n 

contluena, and are uposed low almlg the northwestern wall of BeJnier 

C&n10n itself. 

The ~i.ng geoloeic ap (ti.a. 1) which was prepared oo a 

eoale of 600 feet, to the 1aeh, ...,..,.., an ana appJ'OXimatel.7 o.6 .Ue 

loq and 0.,4 mUe wid.e aloag \be Jq.ft\, Canyon-flJlodelo" contact. An 

~tot a pal't ol t.be 1•241000 Male~ quadrangle was uaed. 

u a baM• 'i'be geGlogie map ia me~ a la'ge-aoale retiMMftt. ot a 

'Vfllf'T emaU part of Kew•s reeOMatasance up. 

The tint. Oan;yon formation 1fl the Re7Div Can.yon area is less well 

exposed then ela&WbeN in the eastern Ventura basin. 1eJ/ has shown 

21 rew, ft. s. w.' op. cit., accompan.yi.ng map. 

that south ot Reynier Canyon, the northwest-trending San Gabriel fault 

has brought Mint ~n beds against the pn-'l'ertiary eeystalline rocks 

o:t the San Gabriel iange. Between this contact and the southeJ."nlJ'9St, 





basal "Modelon exposures ot the larger outlier, the lint Canyon beda 

dip lt••PlT to m<lerately northward., This aection., totaling about ;ooo 
teet in thickness, ia congloaltltl'atic in its lower third and sa.ndT and 

ailt7 in :lte upper two third.a. Its general lithologic teaturea are 

out.lined in Table l. 

The beds ot the upper part ot the tint Canyon formation, under­

lying the lower elopes ot the nort.hweetern side ot Reynior C&n10n, are 

mostly bid.den beneath a graea covered surtace. S.veral landslides also 

have partly obscured the geoloa 1 but a tut! bed., within the Mint Can­

yon formation. and close to the '*Modelo" contact, is relatively well 

exposed for the length ot the accompany1n.g map. As traced laterally, 

this bed auccessively diverges trom and converges on the basal "Modelo" 

beds. 

At a point near the western •die of the map the tutt bed and 

basal "Modelo" beds are separated by a thickness of approx.i.tuately 300 

feet of Mint Canyon sandstone,. but at t.wo places within four-tenths of 

a Id.le to the ea.et, the basal Rlfodelo" bed• overlap the tuft bed. At 

the west.ernmoat overlap, the unoontormit;r is marked by an angular dis­

cordance of at least 45 d•ll"•••• 

Beds of the ttModelo" formation in t.he Rq.nier Canyon area are· best 

upoaed in the clif.ta along t.he canyon1e northwet wall. Iiel'e. a thick­

neae of about 400 feet of marine sandstone, eiltstone and diatomaceoue 

1hal.e has been .tolded in a broad synoll.ne plunging gently northward.. 

An outline of the formations llthologic teatures is included in 



Table l. 

4. Siltstone and dia.to-.oeous shale, veey pale ora.ngeJ 
evenl.1' bedded., c. I. T. loc. 1626 200 feet above 
base ot ".Modelo" f orma.tion. 

J. Sand.st.on•, veq pale orange to palli\t yell3wi8l':. 
orange; in alt•r.neting l.ayers ot :f'ine-grdined 
Ml!JsiVlJ 2t1d shal.1' etr•\aJ layers about 10 feet 
thick. Grades laterally westwal"d into 
diatomaoeous shale sim.Uar to 'Uid.t 4. Cllf £­
forming. 

2. Sandstone, yellowish gray, fine-grained; becomes 
shal.7 upward; &VPSif'erous, locaJ.q fissile. 
Abundant iron-stained fractures. 

l. Sandstone, yellow-lsh gray, fin~grained, friable, 
massive t.o evenly bedded. Contain• discontinuous 
concretionary layers wit.a abundant marine mega.­
fossils. Conglomell'atio layers connon and basal 
conglomerate prominent i.n east.em Re;vnier Canyon 
area. Boulders mostly graniticJ maximum diameter 

a. 

2 teet. Cont.a.ins c. I. T • .Loe. 1849. J.2 
Total thieknese of "Mede.lo" formation 400 

unconformity 

Mint Canyon £ormation 

u. Sandstone and siltetone• light gray to pale yellowish 
orange. Pa.le olive beds in lower part. 300 



10. Tuft, vi.tric, pale gray; fine-grained, friable to 15 
compact. Continuous. 

9. Sandstone and siltstone, si.Dlila.r to unit s, con-
cretionary layers more abundant. Non-tuf'faceous. 80 

s. Sandstone and siltstone,. light gray to pale yellow­
ish orange; pebbles become less abundant upwards. 
Local hard co.neret.ionary layers. High;Ly lenticular 
vitric tuf'f beds in lower part. Poorly exposed. 7SO 

7. Sandstone and siltstone, same as below, but with 
local orange layers. 250 

6. Sandstone and siltstone, same as below, but color 
predominantly very pale yellow. 1.50 

j. Sandstone and. siltat.one, grayish yellow t.o yellow-
iah gray. Pebbl.¥ conglourate kyers common. 125 

4. Sand=to e1 grqish yellow, medium-grained, pebbly. 
Co . 11U'atic layers become more abundant upward; 
f. · ta mostly gran1.t1e, locally volcanic, 
better rounded than in lower eongl.OMl"ate. 

J. Siltart,one, light gray to l1gh\ olive IP!ll¥• Mostly 
poorly stratified and poorly cernented, but shaly 
layers al"e co.mr:oo.n. Con~ains ~-. tflW discontinuous 
tut'fac.eous layers several inch,es thiek. Under-
lies nonresistant grt:U1uq slopes. 370 

2. Siltstone, moderate reddish brown to moderate yellow­
ish brown becoming grayish upward, interbedded 
with canglcuaerate. iltema.ting layers seversl feet 
thick. Conglomerate verr poorly sorted, contains 
an~ to subrounded fragments mostly leu.cogranite, 
granite gneiss and mica $Chist. 500 

l. SandstGne, arbsic, with int.erbedded pebble-to-boulder 
OOAglomrate. Pale to dark yellowish orange. 
Poorly- stratified, poorly eexnented. Conglomerate 
contains angular to subrowided. !.cagments ot lauco­
granite, granite gneiss and biotite schist. Poorly 
ex.pvsed. ..J22. 

Total thiekneas of )lint Canyon formation )100 feet 



Tablel .. 

In the eastern half ol the are.a. mapped the basal "M:>delo" beds 

contain peb})le to bolill.der conglomeratic lenses as much as 10 feet 

thiek. The oVerlying beds, in general, grade upward troa fine-grained 

esndst.one through wt.at.one to diatoma.ceous shales. Prominent in the 

eect1on, however, are la.yen about 10 feet, thick alternately coarser 

and finer gained.. Aleo notewortht is an east to west lateral 

gradation trom sand7 to ahalq beda. 

In addition to the megafosaila noted in the tollow1ng section, 

the iiern.iei> Ce.nyon ••Modelo" beds are roport.ed to contain a mi.c.rotoaeil 

assemblage of lfohoian age'lrO/ • 

• I ·-• 

MOst. of the invertebrate mega.fossils in the tt»odelo" sediments of 

Ryenier Can.Ton have been tound in strata approximatel7 15 teet above 

t.be basal beds in the eastern half of the accompanying map. The re­

aaitle are part.1cUl.arl.T abundant in conglo•ratio anci Qal.careous eon• 

cntiona.ey len.ees along this horizon. More than halt of the speeiMna 

111 the oolleotion deacri.tMid. in ftbia paper were gathered at t.he l.ocal.it.7 

C.I.T. loo. 1849. During the early at.ages of the st.Udy, tne collect.ions 

gathered at different places along this fossilif eroue horizon were kept 

separate; but. Vlbea found to contain virtually identical assemblages, 

tbe7 were conibin«l. 



PelecJpOda 

qMtcme of .• Rab~ (Clark) 

a. ct. femandoenais Engl.18h -
Clementi! cf. ~ini CWk 

.£• (!eat.a) ct. pert.enuis (Gabb) 

crmto&a ct. oville Com-ad. 

C,Za\h!<!!at.e; cf• ~ Dall 

Doeinia arnold.1 Clark 

Lae'Wicardia (Nemoal'diu) centifllosum (Carpenter) 

u. 

,!:: (Trac!!l;ca.rd:t:wa) ct. qu.aqra9narium (Conrad) var. fernandoense (Amoli) 

Lucina (!tt!ea) cf. aoutilineata Conrad 

L. (Hen) ct. excavata Carpenter - -
!t• (15;:Aea) nut.tallii Conrad 

lt• (ltUtJla) X&At,M~ (Dall} 

Muoa :lnd.eft~ta Carpenter 

M. eeota (Coaracl) -
,!. cf. 2lzeniaoul~ Grant. and Gale 

Marcia (Cg!pf!&ax) cf. 5bdi42hana Carpenter 

Nuoulana taehrie; (Dall) 

Ost.rea et• titan Conrad 

Pan4WJ 1eneroaa Gould 

P!Pbia tenerrima Carpenter 

Peet.en (!f'!'S!l·?•C\GQ) estrellanu$ (Conrad) 

S~iu;-ia cf. nuttallli Conrad 



Solen ot. !!~ OJ.ark 

Spia~a al;;b!£ia OoMad var. 

Tellina ~ Dall 

TiJti! (Pa~esma) fubloensis Clark 

Venus {Cbione) ct. elame"6sis (English) 

!• (.2..) cf. 2ar5?29ema Dall 

Gastropod& 

Calliostoma cf• costat1• (Martyn) 

£• ot. 8!;!?!!1£anc>eum. Carpeter 

Cano!Maria els111u•ensie English 

.£• b!f!ehW:i Dall 

a. tritonidea Gabb -
CaltMfr!\!£!Y! b'9aeneis (Carson) 

2!lzet.ra•~ .t'Uota (Gabb) 

Canth&n11 elameren!i• Cuson 

Oo.nue c!!;!:tor.nicu1 H1ade 

CNJ?!dlll.a (Cr!21J?!tella) et. chateAAs Der1'J' 

c, adunca Soweri>y -
c. aculeata (Omelia) -
.!• ;erinc4'2~ Conrad 

Cruc1bulum 1abr1oatum (Sowerby) 

F!eue (Troeho!lcon) oco1a.na (Conrad) 

KeJdet~a J~s~ n. sp. 

u. 



Mitrella et. o&l"1nl.ta {Hinds) var. &~uea}?!ta (Gould) 

fl\u"itbaie 11.dristeJt (Ai-.nold} 

P0Un1oe1 (Neventa) reolu.aianu (Deahqes) var. callosus (Gabb) 

~j.nqm scoR9}.oe { Co.arad) 

SUrculit•• (HeesurcstA> rsn!Y: .{G&Qb) 

Tvritella C,.002!~ Oarpent_.. 

!• vanvleeki Arnold sub. sp. h~!!J?hUU Applin MS 



A HOODd touiliteroua lloril01'11 containing a less numarous a.a...,. 

blase and apparenti, leea continuous than the hozoiZOA described above,. 

1a exposed at local.it7 C.I.T. loc. 1626. Thia ia approximately 200 

.teet abova the base ot the "Uodelolf toraat1on. 

Anadara. cf. <?b1fR2~ (Com-ad) 

Plate II, figure 1. 

~ obimans Conrad, Pacific R. R. Kept. 1 vol. 7, 
P• 1 pl. S, fig. l. 

~d&,ra. (~ ? ) !bi•W?!!!i subsp. obispoana 
(GOnradJ, Reinhart, Geel, Soc. America, 
Spec. P. no. 47, pp. 70-72, pl. 10, figs. 6, 
?, u. 

Well preaened •emal casts ot Anadara cf. ol?iS?Oana abundant 

at C.l.T. loc. 16261 approximately 200 feet strati.graphically higher 

·tJlan C.l.T. loe. 1849. Shell tlat, elongate; height about 2/3 length. 

Me.rkedly ineqtd.late....:i.1 beak el.on to anterior end. Minaun.argin 

strdght. Antetioz- and poste.rior marg1na sha.rpl.J' arcuate; ~ 

margin broadly a.rcuate. Sculpture of about 28 relntivel1 flat ribs 

which become wid.«I' post.en.orly. Int.erspaces at antel'ior 4Bd equall,y 

a.a wide as ribs.. Posterior ribs have no dis\inct interspaces. Ribs 

cont.a.in poorly preserved. !ine lines, which are .mst pronounced. near 

ventral margin. Entire rib pattern slightly concave toward dorsal 

post.erior arsin. Faint concentric growth lines moat promine.'."\t near 

posterior and posterior ventral margins. Dentition not well pre-
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aened. Figured specimen 42 millimeters long, 29 millimeters high. 

Compared with previously' figured specimens ot Anadara obis12ana!!f1 

Arnold, R,, Description.a ot new Cretaceous and Tertiary 
fossils from the Santa Cruz Mountains,, Calif'orniaf 
u. s. Mat. llus0 Pr., vol. 32, .no. 1545, pl. 35, 
fig. 1, 1908. 

Branner, J. C,, Newso11., J. F,, and Arnold, B,., U. s. Geol. 
SUl"'hf 1 Santa Crua Folio, fig. SO, 1909. 

Grant, u. s. IV, and Gale, R. H., Pliocene and Pleistocene 
mlluaca of Call.t'ornia: San Diego Soc. Nat. History, 
JI.em., vol. l, pl. 32, fig. 49, 19.31. 

Reinhart, P,. ¥i., .M4sosoie and Cenozoic Areidae from the 
Pacific slope of North ~•rl.ca: Geel. $oc. America, 
Spec. Paper, P• 47, pl. 10, figs. 6, 7, ll, 194). 

the Reynier Catl1on specimens have a more elttQC"lded post.eri.or ventral 

margin, a beak that is closer to the anterior end, narrower interspaces 

between the posterior ribs, and an average of 2 add.itional ribs, 

fne occurrences of Anadara obiaeana, aa listed b;y Reinh~, 

--------...---------------------------------..----------------

are 1n t.he Monterey and Temblor tormatioae (both 1.U.oeene). A reponed. 

Pliocene occurrence of the speeieJJ/, in west.em Ka.mobatka, is <U,...,. 

Slodkewitsoh., fl. s., ',l'ertiaey pelecyPoda from the Far 
East: Aead.. Sei. u. s. s. R., Paleant 
Inst., Paleontology of u. s. s. R., vol. lO, 
pt. 31 fasc. 191 pt. II, P• 106, pl. XI, 
fig. 4, 

credited by Reinhart. The species has not been .noted in the Pliocene 

of Oalitornia.. 
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Clementi.a. cf. martini, Clark 

Plate II, !igure 3. 

Venus martini Clark, Univ. California Publ. Oeol., 
vol. 8, PP• 470-471, pl, 54, tig. l, 1915. 

17~ 

A single spec1Mn (left valve) of Clement.ia ct. martini was col­

lected at c,1.1. loo. 1849. The ventral margin and anterior and pos-

mari£edlf oonoan, upper part. of posterior dorsal edge nearly st.rd.ght; 

lower pan not preael"Yed. Surface ornamented bf heavy, evenly spaced 

JJAee. Deat.i'U.on poorlT preserved,. 'b'1t doea ehow remnant.a of t.hree 

tairl.y heav oardinal •• 

The pronouneecl eoacav1t7 of tho an.tenor dorsal margin of the 

Cl_.\1! ~~ apeoiraeA disitiAguS.akee it from£• t.,eauie. 

Clementia JllllU't.19! baa been noted in the San Pablo (upper M.1..ocece) 

tonae.tion ea.st of San Fratld.aco Bay and in the Sao.ta Margarita, (upper 

Miocene) formation north of Coa.JJ.ngJ:!t/. It le 'tll'ANpo~ 1a PltoceM 

Clark, B. L,1 Faun.a ot the SU Pa.bl.o group ot middle 
California: Univ. California Publ. Geel.,. vol. 8.; 
PP• 470-471, l9lS, 



Cl.!!!fJt,i, (E.egta.) ct~ 2ert.enuis ( Gabb) 

.Plato II1 figure 4. 

Y.mus ~~ten,Ss Gabb, Geel. surv. Cal.it.' Palaco.' 
~. 2, PP• 55-56, pl. S, fig. 371 1868-9. 

Clementia (E&esta) li?!rtemd.1 (Gabb), Woodring, u. s. 
. aeoi, Sunq Prof. 'aper l.47-C, PP• 40-42t 

pl. 16, tlgs. l-6, 1926. Grant and Gal~, San 
91.eao Soc. liat.. Histo17, .Mem. l, P• JJ5, 1931. 

ia. 

Two incomplete right valves ot Cl.erae.n.tia (Ejest.a) ct. p~ld.a 

\tere collected at c.I.T. loc-. l.849. The anterior end of each sped.-

men is po0rl7 preserved,. 'but tho shape ot the shell ie apparently onl7 

aligbtl.7 Uiequilateral. Posterior end elongate; posterior al.ope •n­
va.. LW\ul.ar area only' aligt\tly depresMd-. Coarse., ccmeentric waves 

pitOMtmeed on d.oraa.l ma:rsin• Fine concentric threads appear lower on 

ah.ell-. Neal" v•t.ral. asargin waves disappear aad thnada become proml­

nen\., Hinge ot larger specimen, though .not, perfoot.J.y pnserYed., shows 

t.bl'ee Cial'dinaJ. iteettu a thin, anterior cardinal) a "thicker middle 

oardinalJ Qnd the upper par\ of a tbiA, posterior card.1.rW.,. The larg­

er epeeinien, when complete 1 was probably more than 55 Jdllimtera in 

l.ett.gth and more than 45 mUUmeters in height. 

Twenty-two ot the 2J Clementia (§&!~ta) ~enuis loetlities list­

ed by Woodrintf:i/ are 1n Mi.Qeerte formations.. The other loeaU.t7, re-

Woodring, w. P., American Tert.1.ar;y nullusks of the 
genus Clementia: u. s. Geol.. Survey Pro.f, 
Paper, 147-C, PP• 40 ... 42, 1926. 

ported by Brannt.-'"1 Newsome, and ArnolJJ;/, is in the lower part ot the 

'JI;/ Branner, J. c., Newsome, J .. ;·., and Arnold, Ralph, tJ., s. 
Geol. S\U"V'q Geel. Atlas, Santa Cruz .t'olio 
(lo, 16.3), PP• 5-6, 1909. 



19. 

Purisima, a formation thought by them to be partly upper Miocene, out 

now considered to be Pliocene. 

Plate II, figures 5a, o, c. 

Several ap"1mena of Donni.a !£9!ld1 were collected at. c. I. T. 

loo. 11349. Most all~ poorly presened, but. the exterior ot one right 

valve is ne{U"ly ooripl~ie. Anothe_.,. a left valve, has a moderatel)r 

.U prenrved dentition. Shell c1rcular iA outline; lensth and wid•h 

al.met equal. Lun.ule well impressed. Anterior dorsal shoulder at.ends 

pJ"OminentJ.T fJ"Oll Wlbo. Posterior dorsal mugin slopes awq fl'Olll ~ 

in a relatively broad, uni.to:rm. arc. SUrtaoe near post.erior dorsal 

lllU'gi.n does not have the depression noted in Clark•s description of t.he 

t~. Surf'ace of t.he shell covered with tine eon~ric growth 

Clark, B. L.1 Fauna of the Saa Pablo group of mi.ddle 
Califom.la; Univ. California Publ. Geo. 1 vol. S, 
PP• 459-460, 1915. 

llne3, elosol¥, though. irregularly, spaced. Posterior part o! hinge 

plate has a lower margin that is relatively straight, but curves sharp­

ly downward near the posterior margin of the shell. Three cardinal. 

teeth in left. valve. Anterior cardinal relatively t.bin and short, in­

clined slightly toward an.tenor margi.a of shell. Middle cardinal 

fairly heavy and inellned toward posterior •:rgin at anaJ,e of about 45 
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degrees. Posterior cardinal inclined at relr!tively low angle, but 

poorly preserved on all Reyuier Canyon specimens. Height or figured 

specimen 73 milltmeters; width 7) mil.limetere. 

Grant and Gal.JAi list Doainia ~ldi, !a• Jacalitosana, and 

!!• Merri.a.mi ae synorcyma ot !• ES?ndero9 var. Ja.caU,tosana. The ReJni•l" 

Canyon apecillens, however, clo&el; resemble the type arnoldi at the 

University of California, and differ in several respects .t'rom the tn• 

~m!¥4• 

1.'he pnm:tnently extended anterior dorsal shoulder and the large 

radius of curvature or the :posterior margin of a.rnoldi are not shown 

in J.!eilltosena. The anterior eardina.l in the left valve of 22nderosa 

var. ~acalit.os!ll! as figured by Grant and Galo-l..?/ has a marked posterior 

Grant, u. s., IV, and Gale, H. R., op. cit., pl. 15, 
:fig. 3. 

in~t10Jl which. ia shown neither in the Reynier Canyon specimens nor 

in Clark's figured type. The socket eep~ing the anterior and middle 

Qard.inals is, 'therefore, distinctly vdder in arnoldi than in Ja~ilitQs~. 

The I~ynier Canyon specimens have a larger radius o.f curvature of the 

donal posterior margin and a mere pronotmeed extension of the anterior 

$boulder than does urriami. 

The type locality o! Dosinia arnoldi is in the Upper San Pablo 

(upper Jliocene). It has also been .found in Santa Mar~arit.a (Upper J&'i.o­

cene) bed.a north ot Coalin&aiQ/J but it not known in the Pliocene. 

!iJ/ Clark, B. L., op. cit,, P• 460. 
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S;eisul.a. albaria (Conrad) 

Plate III, figures l a, b. 

Maotra a.lbaria. Conrad,, Anier. Jour. Sci., Ser. 2, 
voI. 5, P• 432, fig. 4, 1848, reprinted by 
Dall, u. s. Geol. Survey Prof'. Paper 59, 
P• 1501 fig. 41 1909. 

SEisul.a (Hemimaotra) albaria Conrad, Dall, u. s. 
dfiol. Survey Prof. Paper 59, pl. 130-1311 
pl. lO, fig. l, 1909. 

Spisula albaria (Conrad), Clark, Univ. California 
Pub!. deoI., vol. a, P• 420, pl. 60, fig. s, 
1915; Packard, Univ. California Publ. Geol., 
vol. 9, P• 290, pl. 24, fig. l, pl. 25, 
figs. 3-S, 1916. 

Mactra (srisula) albaria Conrad, Grz.::.nt and Gale, San 
liiego Soc. Nat. ff!story, M:em .• l, PP• 395-396, 
pl. 23, figs. 3u1 3b, 1931. 

One specimen, a right valve,, of Seisule. albaria was collected at 

c.I.T. loe. 1849. It is fairly well preserved but ventral. margin is 

incomplete. Shell medium size, rather heavy,, trigonal, nearly equi­

lateral. Height approximately 2/3 length. Dorsal margins slope from 

beak at. about eam.e angle. Anterior dorsal margin slightly convex. 

Posterior dorsal margin straight. Both dorsal slopes rflther wide. 

Lunular area depressed.. LotJ posterior umbonal ridge. Shell surf ace 

smoott;l except tor fine growth lines \'lhich are clustered in irregularly 

spaced concentric waves. Dentition poorly preserved but apparently 

similar to the albaria dentitions figured by Packa~. 

Packard,, ·E. L., Mesozoic and Cenozoic 1ilactrinae o! 
the Paci.f'ie Coast of North America: Univ. 
California Publ. Geol., vol. 9, pl. 25,, 
figs. J-6, 1916. 
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The Reynier Can:;on S;eieula albaria specimen is markedly more 

elongate than the Pliocene and Miocene albaria specimens figured b;y 

Pack~, but closely resembles in shape the Miocene specimen figured 

'!:Zf Packard, E. L. 1 op. cit., pl. 24, fig. l, pl. 25, 
tigs. 3-8, 1916. 

Dall.W and the Miocene ( ?) specimen figured by Grant and Gele24/. 

Dall., W. H+ 1 The Miocene of Astoria and Coos Bay, 
Oregorn u. s. Geol. Survey Prof. Paper 591 
pl. 10, i'ig. l, 1909. 

Grant, U., s., IV, and Gala, H. n., op. cit., pl. 2;3, 
fi.j~S. )a, Jb.11 1931. 

Tivela (P,ac&desma) diabloensis Clark 

Plate III, figures Ja, b. 

Tivela (Pac&desma) diabloensis, Clark, Univ• Cali.t'omia. 
Publ. Geol., "vol. 8, PP• 4"62-463, pl. 541 figs. 5, 
6, pl. ;5, fig. l, 1915. ' 

One specimen, a right valve~ of Tivela (Pac&de~) diabloensie, 

was collected at locality C.I.'l'. loo. 1849. Shell heavy, trigonal, 

nearly equilateral. Height approxima.tely 2/3 length. Posterior dorsal 

margin slightly concave near beak, anterior extension slightly convex. 

Posterior dorsal margin strongly depressed, but the earina noted by 

01#, on the type specimen is missing (not preserved?) on the 

W Clark, B. L., op. cit., pp. 462-463. 



Reynier Canyon specime.n. Anterior dorsal margin but slightly depressed; 

has poorly- developed ca.ri.Aa. Closely spaced growth lines become clus• 

tered in cl'Ude concentric waves toward ventral margin. Right valve has 

three cardinals; posterior cardinal elongate and parallels dorsal mar­

gin; middle cardirlal inclined toward posterior end; anterior c.urdinal 

slightly inclined to anterior end. Reynier Canyon specimen 74 milli­

uters long, approxima.tely 54 millimeters high. 

Tivela (Pas&de._) diabloenais has been noted in the Lower San 

Pablo Group (Upper Miocene}, but not in Pliocene sediments. 

Kelletia Jahnai n. sp. 

Plate IV, figures Ja, b, c. 

An undescribed Kelletia species is relatively abundant at C.I.T. 

loc. 1849. It is of medium size and weight. Shell :fusiform. Spire 

highly elevated; spiral angle about 40 degrees. J.i'ive to seven whorls, 

ventricose. Body whQrl has l'QuAded outJ.ine with slight a.ngulation 

a.bout one-.fourth of its length in front of suture. Succeeding Whorls 

are distinctly an.gulated above the middle. Body whorl has numerous, 

irregularly spaced, fine crenula.tions,; succeeding whorls have 9 to·ll 

pronounced. nodee extending from suture to suture. In front or angu­

lation, nodes are nearly vertical, but have a alight convex curve. 

Suture distinct and straight. Spiral ornamentation a system or riblets. 

Spiral whorls have about 14 riblets;, al.t. of near"l_y uni.form rJidth except 

a distinctly wider riblet in front of suture. Body whorl has .:lbout 16 

riblets in front of angulation, 8 riblets on shoulder. Rible.ts on 
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body whorl below angulation are wider than those above and have a .taint 

grt>ove slightly in front of the .middle. Fine growth lines are only 

longitudinal scu.I:pure. Aperture ovoid, constricted at canal. Canal 

relatively long and sharply recurved. Figured specimen ~6 millimeters 

long, 25 millimeters wide at maximum diameter of bod¥ whorl. 

Kelletia Jahnsi n. sp. var. 

Plate IV, figures 3b, c. 

Several specimens collected at C.I.'r. loc. 1849 differ markedly 

from. Kelletia. n. DP• in the shape of the body 11horl, but in all other 

features are similar. The body whorl in these variants has as pro­

nounced an angulation and as prominent nodes as the spiral who:rle. 

Some of these specimens are as large or larger thiln the t~tpe Kelletia 

n. sp., and apparently are not imnature in.di viduals. 

Conclusions 

As shown in tables 2 and 3 , more than half' of the Reynier Canyon 

species have previously been noted in the lower Pliocene assemblages of 

Elsmere and Holser Canyons a few miles to the west. Indeed 16 ot the 

Reynier Canyon species apparentl.y ha"e not been reported below the 

lower Pliocene. In general, however, these species have a limited geo­

graphic range and are undiagnostic. Seven species from Reynier Canyon -

Anadara ct. Dosinia arnoldi, Ostrea cf. titan, Tivela diabloensis, and 
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as as 



ppisula alb~i.a - are widely recognised as pre-lower Pliocene forms. 

The species ot t.his group, a typical upper Miocene assemblage, have not 

been reported in the Elsmere and Holser Canyon faunas. Conversely in 

these .taunu the forms that are believed diagnostic of the 1ower Plio­

cene .. Patino~ lohr11 ~t~sis sp., and n.ndraster ap .... are ap• 

parently missifle in Reynier Canyon. There.fore, the Reynier C4D1'0D 

fauna, although closely related to the taunas of Elsmere and Holaer 

Canyons, is probably ancestral to them, and belongs to the upper Miocene 

of the invertebrate paleontologists. 



Pelecypoda 

Chione pabloensis (Clark) 
- --·-- ---·- --. 
f • f emandoensis English 

-----------
C;+ementia cf . martini Clark 

.Q.• (Egeeta) c!. pertenuis (Gabb) 

Crypt?Jl\Ya oV!J4,s Conrad 

Cyathodont.a. pedroana Dall 

,Dosinia amoldi Clark 
---------- - ----·-----
l4ev.ica~Ulll (Neiiaocardi.ie) Cf#ntU'Uosum Garpenter 

~; (Tracl'!ycardium) qua~agenai-ium (Conrad) var . fen:iandoense (Arnold) 

Lucina (M.zytea) acutp.ineat a Conrad 
·-------

1: (Here) excavata Carpenter - -
~ 1• (Myz:tea) nuttallil Conrad 

--L. (Miltha) ~tusi ( all) - -------- - .. ....._ --·-- ~ -·- ------
Macoma indentat a Carpenter 

!!!• secta (Conrad) 
·---

!!· planiscula .Grant and Gale 

Marcia (Coplj?somyax) subdiaphana Carpenter 

Nuculana t aphria (Dall) 
----·· ·----------------
Ostrea cf . titan Conrad 
~ 

Pa.nope ·generosa OoUl.d 

Paph.i;!, 'f:enerrima Carpenter 

1, 

·-------------------
Pe cten (Igropect.en) eatrellanueJ (Conrad) 

Sangaj:nolaria ct. nuttaWJ. Conrad v_ar. 

Soltm cf. perrini Clark 

Spis_ula albarla Conrad var. 

~ellina idea Dall -
-------~--- --
_________ ....____ 

Tivela (Paohydesma) d:iablo_ensis Cl ark 
-

Venus (Chione) er. elsmerensis ( English~ 
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Gastropod.a 

Astra.ea {Pomaulax) s;:adat.a Grant and Gale 

Bursa. sp. 

Calliostoma cf. coata.tum (lal"tyn) 
-----~ - - --··--·- --- --·---

Calliostoma S!1J?£Wan.<>SU;J! Carpenter 
-···----·---·-·----·- -- - . - --
Cancellaria. el~nsis English 

£• h~philli Dall 

£• t.ritonidea Ga.bb 

Calcanthal'Us breaensis (Ca.non) 

C!ln?traea tilosa (Gabb) 
~. 

Canthurus elsmeransis Carson 

C. adunea Sowerby -
c. acul.eata (Gmelln) -
Q. ,er,incev. Conrad 

Crucibulum imbricatum (Sowerby) 
~· 

l''icus ( ·rro2hos;v;eon,) oeoya.na ( Conrud) 

Kellet1a J~si n. sp. 

~trella cf. earinata (Hinds) var. gausa.Eata (Gould) 

Murithaie eldri~ei (Arnold) 

29. 

Polinices (Neverita) reclusisnus (Deshayes) var. callosus (Gabb) 
......... ---·- ----·--·----·- _____ ._ . 

. Sinum. scopuloaum (Conrad) 

)~~~ulitea (M~g~sur~~) :remondii (Gabb) 

Turritella <:,OOReri 

!• vanvlecki ~ld sub.. sp. !lemphilli Applin .MS 

Table 3.. Geologic runge of g,c,stropod species from CIT loc. 
1849. Species from closely related, ne~1rby t'auru..t shown by E 
(Elsrnere C.:i.nyon) and H (Holser Canyon). 
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GEOLOGY !iliQ. ORIGIN OF T/lLC DEPOSITS OF :Ei.ST&JJ C,;.LIFORNIA 

ABSTRACT 

A 200-mile northwest-trending belt in eastern California contains 

more than 100 talc-bearing localities., The belt is divisible into three 

districts; each ¥Tith talc deposits in a distinctive terrane. 

In the southernmost district, near Silver Lake, tremolitic talc 

deposits have formed in highly metamorphosed Archean (?) sedimentary 

rocks extensively invaded by lamprophyre and granitic rocks. The 

development of talc-tremolite rock probably involved the extensive in-

troduction of MgO and Si02 to silica poor dolonute in a complex, multi-

stage history. The MgO may have been released in the granitization of 

high-rnagnesian sediments. 

In the Southern Death Valley-Kingston Range region tremolitic talc 

deposits occur at or near the borders of a diabase sill intruded near 

the base of the lowermost carbonate unit in the Algonkian Pahrtunp series. 

The deposits have generally altered from dolomite, both siliceous and . 
silica-poor. Pt.her alteration rocks rich in alkali feldspar are 

associated with the talc deposits and border diabase bodies higher in 

the member. MgO and Si02 nave been introduced to form the talc bodies; Si02, 

AJ..2o3, K2o, and probably Na2o to form the f eldspathic rocks. Diabase 

magma was probably the source of most of the additive material, but 

some may have been derived from connate water. 

In the Inyo Range area tremolite-poor talc deposits have formed as 

alterations of Paleozoic dolomite and quartzite, and of Mesozoic granitic 

intrusives. The White Eagle deposit shows all three types of alteration, 



but has formed largely as a replacement of adamellite. Feldspars, 

quartz and f erromagnesian minerals were decomposed; the ttlc alteration 

followed an advance wave of albitization. . The additive MgO probably 

was leached from dolomites at depth. 
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GEOLOGY AND ORIGIN OF TALC DEPOSITS OF EASTERN CALIFORNIA ==== == = == = ==== =:::.:::=:~ 
INTRODUCTION 

GENERAL STATEMENT 

All but a small part of the output of commercial talcJ/ in 

!/ In commercial. usage, the term •talc" is applied to 
numerous mineral mixtures composed predominantly 
of magne3ium silicate minerals. In such mixtures, 
the mineral talc is commonly, but not necessarily, 
a prominent constituent. In this report, the term 
"talc", unless otherwise qualified, will refer to 
the commercial material. 

California and Nevada has been obtained from deposits within an elon-

gate belt near and roughly paralleling the central part of the border 

between the two states (fig. l). Nearly 100 known talc deposits of 

commercial interest are contained within this belt, which is appro:ri-

mately 200 miles in length and .30 miles in average width. It ext.ends 

from the vicinity of Silver Lake in north-central San Bernardino 

County northwestward to the Palmetto-Oasis district of western Nevada, 

and includes the southern Death Valley and Kingston Range region in 

California, and the Inyo Range of California. 

Although the geographic restriction of the deposits at first sug-

gests a persistent genetic relationship, from place to place within the 

belt talc has formed in markedly difi'erent geologic environments. Even 

to the casual observer, the talc deposits of California are separable 

into three talc districts, each within a distinctive geologic terrane. 
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Figure 1. Index map showing location of talc­
bearing belt of eastern California and western Nevada, 
its four component districts, and the location of the 
three largest mines. 

2. 
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The southernmost talc-bearing area, which is here designated as 

the Silver Lake talc district, is relatively small. Its principal 

deposits are centered at two localities, one a few miles north of the 

Silver Lake playa, and another 12 miles to the north-northeast of 

Silver Lake near the small settlement of Yucca Grove on the highway of 

U. s. Routes 91 and 466. At these localities, highly metamorphosed 

sedimentary rocks are the hosts of the talc bodies. Granitic rocks 

underlie most of the intervening area and also intimately penetrate the 

metasediments. 

At the Silver Lake locality, several commercial talc bodies have 

been developed by workings known collectively as the Silver Lake mine. 

The output of the Yucca Grove area has been obtained from two operations, 

the Calmasil and Pomona mines. Evidence to be cited later indicates a 

probable Archean age for both the metasedim.ents and the talc bodies. 

A second talc district occupies an area of approximately 1000 

square miles north and northwest of the Silver Lake province, and ex­

tends from the southeastern part of the Panamint Range eastward to the 

eastern part of the Kingston Range. This area, which will be ref erred 

to as the Southern Death Valley-Kingston Range talc district, contains 

about 40 known tale-bearing localities. All of the deposits are in the 

Crystal Spring formation, the lowest of three formations that comprise 

the pre-Cambrian Pahrump series of Algonkian age. Each deposit is an 

alteration of carbonate strata near the base of a massive, carbonate 

member in the middle of the formation. Each is also in contact with or 

near a diabase sill that ordinarily separates the carbonate member from 

underlying units of quartzite, argillite and shale. 



The mines in this district that have been most actively worked 

since 1940 are the Montgomery and Warm Spring mines in the southeast­

ern Panamint Range; the Monarch, Pleasanton and Ibex mines near Ibex 

Springs at the southern end of the Ibex Hills; the Superior, White Cap, 

and Pongo mines north of Saratoga Springs at the southern end of Death 

Valley; the Western mine in the Alexander Hills; and the Smith and Ex­

celsior mines on the west and east flanks respectively of the Kingston 

Range. Because of their economic importance, these are the deposits 

of the southern Death Valley-Kingston Range region that have been 

studied most closely by the writer, and will be the ones most frequent­

ly referred to in the description of the district. 

The deposits of the third talc district of eastern California are 

most closely grouped near the southern end of the Inyo Range in an area 

about 13 miles southeast of Keeler, Inyo County. other talc deposits, 

however, are also exposed on the west and east flanks of the Inyo Range, 

in Eureka Valley, and in the northern part of the Panamint Range. Most 

of the talc in this district has formed as an alteration of Ordovician 

and Silurian dolomite and quartzite, but most of the talc in one large 

body, the White Eagle deposit, has formed as a replacement of adamellite 

(quartz monzonite). 

Approximately 20 talc deposits of commercial interest have been 

noted in this area, which, in this report, will be referred to as the 

Inyo Range talc district. Most of the deposits contain a variety of 
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talc known to the ceramic industry as steatiteY. This material is an 

Steatite, in its present ceramic meaning, is an essentially 
pure talc (maximum allowable CaO and Fe2o3 contents 
each 1.5 percent), that is adaptable to the techniques 
of electrical insulator manufacture. 

essential ingredient in the manufacture of certain high frequency elec-

trical insulators. It was in critical demand during World War II and 

remains so. 

Most of the talc produced in the Inyo Range district has been ob-

tained from a single property, the Talc City mine, near the southern 

end of the range and about midway between the towns of Keeler and Dar-

win. The White Mountain mine, on the east slope of the Inyo Range and 

above the south end of Saline Valley, has the second largest talc out-

put of the mines in this district. The other talc properties in the 

province have been worked less continuously and on a smaller scale than 

these two. In this report, only the white Eagle deposit will be 

described. 

The deposits of the Palmetto-Oasis district in Nevada are similar 

to those of the Inyo Range and may well represent an extension of the 

Inyo Range talc district. The Nevada deposits, which were also studied 

in the U. s. Geological Survey 1s wartime steatite program, will not be 

discussed in this report. 



6. 

SCOPE AND METHODS OF THE PRESENT INVESTIGATION --- --
From May to December, 1942, the writer, then an employee of the 

U. s. Geological Survey, assisted Dr. B. M. Page in studies of actual 

and potential steatite sources in California, Nevada and New Mexico. 

This program, which centered largely about the Inyo Range and Palmetto-

Oasis district, involved plane-table mapping of most of the larger 

deposits that were believed to contain talc of steatite purity. Includ­

ed in this group was the White Eagle deposit (pl. 4), mapped in May 

1942. Petrographic studies of the White Eagle deposit were begun in 

the winter of 1947 when the writer was a student at the California 

Institute of Technology, and were continued at intervals during the 

winter of 1948 while he was employed by the California Division of Mines. 

The investigation of the Silver Lake and Southern Death Valley-

Kingston Range talc provinces has been a project of the California 

Division of Mines. This phase of the study has required five field 

months and four office months during the period of October 1947-

February 1950. 

A plane-table map on a scale of 100 feet to the inch was made of 

most of the Silver Lake talc ~one (pl. 1). The Western (pl. 2) and 

the Superior-White Cap mine areas (pl. 3) were mapped by plane-table on 

a scale of 200 feet to the inch. Additional data were gathered during 

the inspection of ab0ut 30 other deposits in the two districts. Be-

cause observations in the Southern Death Valley-Kingston Range district 

indicated a stratigraphic control of talc deposition, a better under-

standing of the pre-Cambrian stratigraphy of the region was deemed 



desirable. Consequently, detailed sections were measured at ten of 

the localities at which the lower part of the late pre-Cambrian series 

appears to be best exposed and least deformed. These localities are: 

(1) near Warm Springs in the southeastern Panamint Range; (2) on the 

northern flank of the Owlshead Mountains; (3) north and (4) west of 

Ibex Springs at the southern end of the Ibex Hills; at the (5) Superior 

and (6} Saratoga mines north of Saratoga Springs; (7) at the Western 

.mine in the Alexander Hills; (8) at the Rogers mine on the western 

slope of the Kingston Range; (9) at the type locality of the Crystal 

Spring formation in the west central part of the Kingston Range; and 

(10) on the western slope of the Silurian Hills. Most of the strati-

graphic features of these sections will be but briefly discussed in 

this report. Emphasis will be placei on the features that bear most 

directly on the origin of the talc deposits. 

SILVER ~ TALC DEPOSITS 

PHYSICAL FEATURES 

The talc deposits of the Silver Lake area are in a group of hills 

about 10 miles northeast of the Silver Lake playa. The deposits are 

14 miles north-northeast of Baker, a settlement on the highway of U. s. 

Routes 91 and 466 connecting Barstow and Las Vegas. 

The Silver Lake mine is 16 miles by road from Baker. It is reach­

ed by traveling 8 miles on State Highway 127 north-northwest from Baker, 

and thence 8 miles east-northeast by a graded dirt road. The two roads 

join at the site of the old Silver Lake siding on the now abandoned 
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Tonopah and Tidewater Railroad. This siding which is on the north edge 

of the playa was formerly the shipping point :for the Silver Lake mine. 

The talc is now trucked to Dunn siding, a point on the Union Pacific 

Railroad about 23 miles west-southwest of Baker. 

The altitude of the Silver Lake playa is slightly less than 1000 

feet. The talc-bearing zone lies at an average altitude of 2500 feet, 

and the nearby hills are as much as 300 feet higher. Most of the talc 

deposits are exposed low on the southern slope of a west-trending 

ridge, but the two westernmost deposits underlie low rises on relative­

ly level ground. West of these rises, bedrock is hidden beneath 

alluvium. 

Talc deposits have been worked at 6 localities along the zone's 

two mile length. The :five workings shown on the accompanying map 

(pl. 1) are spaced at intervals of approximately 1200 i'eet. From west 

to east, these are the (1) Western Addenda, (2) Eastern Addenda, 

(3) Gould, (4) Number Two and One-half, and (5) Number Two workings. 

At each of these, one or two shafts have been sunk on talc bodies. 

The deposits have been worked by overhand stopes connected to drifts 

in talc. 

The sixth locality at which talc bodies have been opened is at 

the eastern end of the zone. The develop.melt here, known as the Number 

Four workings, is mainly a group of irregular drifts, gently inclined 

stopes, and rooms connected to the surface by a vertical shaft. 

The Gould workings have a maximum strike-length of about 1500 

feet, and are by far the most extensive of the Silver Lake mine area. 

In 1919 the Gould talc deposits were opened by a shaft, which 



9. 

subsequently was sunk to a depth of about 250 feet. The talc was 

hoisted through this shaft until 1925, when the shaft was intersected at 

about the 150-foot level by an adit driven eastward from a canyon wall. 

Since then the talc has been tramned through the adit. 

Because precipitation in the Silver Lake area averages less than 3 

inches annually, the mine workings are dry even to their lowest levels. 

The water consumed at the mine is trucked from a well about 5 miles 

to the south. 

The region contains a very sparse vegetation; most of the hill-

slopes are virtually barren bedrock exposures. Some of the slopes in 

the mine area, however, are overlain by relatively thick talus slopes 

and remnants of an earlier alluvial cover. 

PREVIOUS INVESTIGATION 

Very little is known of the geologic features of the Silver Lake 

region outside of the inmediate area of the accompanying map. In a 

reconnaissance study Mille~ briefly described metasedimentary and 

2/ Miller, W. J., Crystalline rocks of southern California: 
Geol. Soc. America Bull., vol. 57, pp. 498-501, 
1946. 

granitic rocks exposed in the hills between the mine and the Silver 

Lake siding. These and similar rocks exposed near Halloran Spring 

(about 5 miles west-southwest of Yucca Grove) were believed by Miller 

to be early pre-Cambrian in age and to belong to the Halloran Complex 

as defined by him. Although the Silver. Lake mine area was but 
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briefly mentioned by Mille)!/, he noted the presence of both granitic 

!:J:/ .Miller, W. J., op. cit., pp. 490-500. 

and m.etasedimentary rocks, and tentatively correlated them with the 

Halloran Complex. 

GENERAL GEOLOGY 

The Silver Lake talc deposits lie in a series of highly metamor­

phosed but relatively undeformed sedimentary rocks. Most of the 

deposits occur in a narrow zone, not more than 50 feet wide and dis­

continuously exposed for a distance of about 2 miles. In the western­

most 5000 feet (pl. 1) of the talc-bearing zone, the deposits and the 

enclosing metasedimentary rocks dip moderately to steeply southward 

and are cut by several cross-faults. At the eastern end of the zone, 

the deposits are in the southern part of a structural block character­

ized by broad open folds but bordered on the east, south, and west by 

highly brecciated and intricately faulted blocks of both granitic rock 

and m.etasedim.ents that contain no talc bodies. The relatively simple 

structural features of both the southward-dipping and the folded parts 

of the talc-bearing zone have been greatly complicated by the emplace­

ment of lamprophyre and several varieties of granitic rocks. 

In the absence of detailed geologic data on the Silver Lake 

region outside of the immediate area of the mine, neither the age of 

the metasediments nor the time of formation of the talc bodies can be 
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determined with certainty. Miller' s2f suggestion of an early pre-

2/ Miller, W. J., op. cit. 

Cambrian age for the metasedimentary granitic rocks north of the Silver 

Lake siding, was based on the presence of granite-free, slightly meta-

morphosed Carboniferous sediments immediately west of Baker. The 

presence of relatively unmetamorphosed sediments in the Silurian Hills 

about 8 miles north of the Silver Lake mine area also suggests an early 

pre-Cambrian age for the Silver Lake metasediments; but HewettY has 

Hewett, D. F., The geology and mineral resources of 
the Ivanpah Quadrangle: U. S. Geol. Survey 
Prof. Paper, in press. 

shown that a wide belt of Mesozoic quartz monzonite lies at least as 

close as 5 miles northeast of the mine area. The possibility that some 

or all of the granitic rocks of the mine area are genetically related 

to this rock must not be overlooked. Hewett1/ has noted, however, that 

']/ Hewett, D. F., personal communication. 

the quartz monzonite is a structurally homogeneous unit. None of the 

granitic rocks of the Silver Lake area are as devoid of structure. 

Indeed both planar and linear features are well displayed in them. 

Because of the slight degree of regional metamorphism shown by the 

late pre-Cambrian rocks nearest the mine area, and the contrast in the 

respective structures of the granitic rocks of the mine area and the 

Mesozoic quartz monzonite, the writer agrees with Miller's suggestion 

of an early pre-Cambrian age for the rocks of the talc-bearing belt. 
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The actual age of the talc bearing metasedim.entary rocks of the Silver 

Lake talc district may well remain in question, however, because they 

appear to be geographically restricted and are not known to be in con­

tact with other metamorphic or sedimentary rocks of proved age. 

Because the western part of the Silver Lake talc zone is the most 

continuously exposed and the least faulted, the spatial relations and 

general petrologic features of all of the-rock units are best shown 

here. The following discussion will center mainly about this area, but 

the same rock types are also in the eastern part of the zone. 

ROCK UNITS 

METASEDIMENTARY ROCKS 

General features 

The metasedimentary units shown on the accompanying map are part 

of a considerably thicker section, exposed for many hundreds of feet 

both north and south of the talc-bearing zone. The section 1 s continu­

ity has been broken by the emplacement of granitic rocks. These pre­

dominate in the west part of the mine area where they enclose numerous 

metasedimentary "islands". Nevertheless five metasedimentary rock 

members can be recognized throughout most of the western 5000 feet of 

the talc-bearing zone. In upward succession, these are here named the 

hornfels, quartz-biotite schist, quartz-muscovite schist, forsterite 

marble, and quartzite members. Their petrologic features are outlined 
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in Table 1. That this is the true stratigraphic succession is shown 

by their occurrence in the same order upward in the broadly folded 

rocks at the eastern end of the zone. 

The most characteristic structural features shown by the outcrop 

pattern of these units are (1) a general lack of deformation except 

for the uniform tilting and broad folding, and (2) a parallelism of 

the metasedimentary planar textures with contacts of sedimentary origin. 

Many bodies that clearly were once sedimentary strata, such as marble 

layers in quartzite and quartzite layers in schist and hornf els are 

commonly only a few feet thick and several hundreds of feet long. Such 

layers have nearly straight or broadly curved traces. They are 

ordinarily parallel with each other and with comparably undeformed con­

tacts that separate the five principal metasedimentary units. 

Among the textural features that parallel these sedimentary planes 

are the schistosity of most of the schist occurrences, foliation planes 

in the hornf els and tremolitic rock, a planar distribution of forster­

ite grains in tremolitic rock and in marble, and the flattening of 

quartz grains in quartzite and quartz-mica schist. 

Hornf els member 

Distribution 

The lowermost and most northerly exposed of the five metasedi­

mentary members is also the most heterogeneous. Because a green 

diopsidic rock with a hornfelsic texture predominates, the name 

11hornf els member" is applied. This member also contains all of the 
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large concentrations of talc and tremolite, as well as subordinate 

amounts of other non-hornf elsic rock types. The northern boundary of 

the member is mostly in contact with granitic rocks; but large elon­

gate masses of biotite schist and muscovite schist are included in the 

granitic rocks and appear to be remnants of units stratigraphically 

beneath the member. 

The hornf els member has a maxi.mwn thickness of about 150 feet but 

it is ordinarily much thinner. The thinning is caused principally by 

the encroachment of granitic rocks and is not, in general, a strati­

graphic or deformational feature. The hornf els member appears to have 

resisted such encroachment more effectively than the bordering mica 

schists. Consequently, in the western part of the mine area, where the 

granitic rocks are the most extensive, the hornfels is the principal 

island-forming rock. The Western Addenda and Eastern Addenda talc 

deposits are in two such islands. 

The rock types within the hornfels member, in general, exist as 

distinct units in sharp contact with one another, but the textural and 

mineralogic variants of the diopsidic hornfels commonly have gradational 

relationsh.ips. 

Petrology 

The hornf els itself is essentially a diopside-feldspar-quartz­

calcite rock; but garnet and phlogopite are locally prominent. The 

rock ranges in color from pale green to grayish olive green, and is 

generally fine-grained, although some is mediwn- to coarse-grained. 
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In most exposures, the rock is dense and tough, but in some it is rela­

tively friable. From place to place within the member, the rock ranges 

from thinly and evenly layered to massive. 

Schist, composed of various proportions of tremolite, actinolite, 

phlogopite and alkali feldspar, and locally containing an appreciable 

proportion of biotite, forms conspicuou~ layers in the hornfels member, 

but is less extensive than the diopsidic rock. The micas and amphibole 

grains are in very uniform dimensional alignment. The schist ranges in 

color from dark through light green to yellowish gray. In sunlight, 

the phlogopite-rich rock has a lustrous, golden sheen. Layers of trem­

olite-phlogopite-albite schist, from a few inches to a foot or two 

thick, ordinarily separate the conunercial talc bodies from diopsidic 

wall rock. Along the hanging wall of one of the Gould talc bodies, the 

schist is as much as 5 feet thick. Schistose layers within diopsidic 

rock range from a fraction of an inch to several feet in thickness. 

The member contains a few thin quartnte beds, co.mm.only traceable 

for several hundred feet. Marble is likewise a subordinate unit. East 

of the Gould workings, a very thin part of the member contains marble 

as the principal metasedimentary rock, but has been e.xtensi vely invaded 

by pegmatite. 

The following comments on the talc-tremolite bodies anticipate 

data to be included in a more detailed section to follow, but bear upon 

the origin of the member as a whole. The bodies range in width from 

several inches to about 15 feet, are as much as 800 feet long, and 

consistently occur near the center of the hornf els member. Some grade 

laterally into diopsidic rock, others abut against granite, still 



18. 

others are terminated by cross-faults. The talc-tremolite bodies com­

monly occur in pairs, each body from 5 to 15 feet thick and separated 

by from 10 to 15 feet of diopside hornf'els. 

In addition to talc and treioolite, the bodies also contain appre­

ciable proportions of forsterite, serpentine, calcite, chlorite (?), and 

phlogopite. The silicates have formed in the following general 

sequence: forsterite, tremolite (first generation), chrysotile, 

tremolite (second generation) and phlogopite, chlorite (?) and talc. 

Petrography 

Hornf'elsic rocks. Microscopic studies of the truly hornf'elsic 

facies of the hornf'els member show that, despite a wide range in the 

relative proportions of minerals, it does have persistent mineralogic 

and textural characteristics. In thin sections of each of 20 rock 

specimens collected at widely distributed points within the member, 

both diopside and feldspar are present. These minerals are generally 

accompanied by quartz and calcite. Garnet and phlogopite, though much 

less abllll.dant, are locally prominent in certain layers. In a few 

sections, the.diopside has been partly altered to talc or serpentine, 

but such alteration is rare. 

The grains of diopside, feldspar, and quartz, the principal 

silicates, are generally of uniform size and average less than 0.3 nun. 

in diameter. From place to place within the member, these minerals are 

present in widely different proportions, and locally any one of the 

three may predominate. The pronounced, thin banding typical of much 

of the diopsidic facies is caused chiefly by alternating diopsidic and 

f elsic layers. 



Plate 6. View westward along talc-bearing zone in 
hornfels member. Stoped material is composed mostly of 
tremolite a.nd talc. 1lall rock is a diopside-feldspar­
quartz-ealcite horn.f els. 

20. 
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Most of the diopside is in subhedral grains forming a mosaic 

texture with quartz and feldspar; but some of the diopside in a few 

thin sections is in relatively large, very irregular grains that are 

deeply embayed and transected by grains of quartz and microcline. In 

the specimens that were examined microscopically, the diopside content 

ranges from about 10 to more than 95 percent. 

Both plagioclase and potash feldspars ar' abundant in the diopsidic 

f acies as a whole, although in large masses of the rock, feldspar is 

very subordinate to diopside. Locally, either potash or plagioclase 

feldspar composes more than half of the rock, and in a few places 

layers several feet thick were noted in which quartz and alkali feldspar 

occur to the exclusion of diopside. Most of the plagioclase is albite 

or sodic oligoclase, but in some specimens it is as calcic as bytownite. 

In one section, bytovmite grains are as much as 6 mm. in diameter and 

enclose smaller equant diopside grains. 

The garnet is straw yellow in transmitted light, and occurs in 

small, irregular grains as part of the diopside-f eldspar-quartz mosaic. 

Garnet grain clusters several millimeters in length are common. Such 

clusters are characteristically elongate parallel with the banding of 

the rock. 

Calcite in the hornf els phase persistently forms the coarsest 

grains. Although most are less than 1 mm. in diameter, diameters of 

as much as 1 cm. are not unconunon. The calcite occurs in veinlets and 

in large irregular poikilitic grains that surround smaller grains of 

silicate minerals. 

Most of the talc, serpentine, and phlogopite in the diopsidic 
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rock apparently occur within a few feet of the borders of the talc­

tremolite bodies. Near these borders minute layers of the tremolite­

phlogopite schist are commonly interlayered with diopside-f eldspar 

rock. Sparsely distributed tremolite and dark green amphibole, how­

ever, were observed elsewhere in the diopsidic rock. 

Schistose rocks. In thin section, specimens typical of the 

schistose rocks of the hornf els member are sho~n to be uniformly fine­

grained, but to have a wide range in mineral composition. Most of the 

rock is composed of grains from 0.5 to 1.5 mm. in length. Some layers 

contain only tremolite or actinolite; others contain tremolite with 

subordinate phlogopite and alkali feldspar; still others are co~osed 

principally of phlogopite. Diopside is notably lacking. 

A representative specimen of the schist that separates the com­

mercial talc bodies from wall rock contains approximately 60 percent 

tremolite, 20 percent phlogopite, and 20 percent alkali feldspar. In 

this rock, some of the tremolite blades exceed 1 mm. in length. These 

are commonly corroded by aggregates of finer grained phlogopite and 

feldspar. Some of the feldspar grains show plagioclase twinning, and 

apparently all have indices less than that of balsam. Some, if not all, 

of the feldspar, therefore, is albite or sodic oligoclase. 

Metamorphism 

General statement. Because the metasedimentary rocks of the Sil­

ver Lake mine area cannot be traced into less metamorphosed f acies, the 

origin of the hornf els member as well as the other metasedimentary 

units, is somewhat obscured. The nature of the original rocks, the 
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role of metasomatism, and the influence of stress are each partly spec­

ulative. The bodies of hornfels, quartzite and talc-tremolite rock, 

stratif orm in appearance and with contrasting bulk chemical composi­

tions, apparently reflect chemical or physical differences in original 

sedimentary layers. Metamorphic differentiation seems to have produced 

the small-scale textural laminations, but most of the gross layering, 

involving laterally persistent units several or more feet thick, is prob­

ably a relict sedimentary feature. 

Shearing in non-schistose tremolite rock has produced zones of 

talc schist; the thin laminations are probably an effect of metamorphic 

differentiation in a stressed environment. Widespread metasomatism is 

shown in the alteration of forsterite to tremolite, serpentine, and 

talc, of tremolite to serpentine, carbonate, and talc, and of diopside 

to trernolite; but none of the contacts between the large metasediment­

ary bodies are clearly of metasomatic origin nor are they related in 

space to contacts with granitic rocks. 

The quartzite, carbonate rocks and schist of the hornfels member 

have more abundant counterparts higher in the section. The following 

discussion of the member's metamorphism, therefore, will be concerned 

mainly with the hornfelsic rocks. 

Derivation of present chemical composition. Mineral assemblages 

identical or similar to those of the hornf elsic rocks of the Silver 

Lake area. have been noted at numerous other localities where marly 

and arenaceous dolomites have been metamorphosed under conditions 
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characteristic of the amphibolite facies. Hornfelses of this origin 

were described in 1914 and 1915 by Eskola~ in his classic descriptions 

a/ Eskola, P., On the petrology of the Orij!~ region in 
southwestern Finland: Comm. geol. Finlande Bull., 
no. 40, 1914. 

------, On the relation between chemical and mineralogical 
composition in the metamorphic rocks of the Orij~rvi 
region: Comm. g~ol. Finlande, Bull., no. 44, 1915. 

of the rocks of the Orij~ region of Finland. Similarly derived 

hornf elses in other parts of the world have been described since by 

others, including Adams and Barlov:t/, Sugi~, and Benson and BartrwJd/. 

Adams, F. D., and Barlow, A. R., Geology of the Haliburton 
and Bancroft areas, Province of Ontario, Geol. Surv. 
Canada, Mem. no. 6, 1910. 

Sugi, K., A preliminary study on the metamorphic rocks of 
southern Abukuma Plateau: Jap. Jour. Geol. and Geogr., 
vol. 12, nos. 3-4, pp. 115-151, 1935. 

Benson, W. N., and Bartrum, J. A., The geology of the 
region about Chalky and Preservation inlets: III; 
Roy. Soc. New Zealand, Trans. vol. 65, pt. 2, 
pp. 108-152, 1935. 

If isochemical reconstitution is assumed, the diopside-plagioclase-

microcline-calcite-quartz assemblage, which composes most of the truly 

hornf elsic rock of the hornfels member, would have been derived from 

original impure dolomite rich in alumina, silica, potash and soda. The 

abundance of albite in some of the sections indicates a Na
2
o fraction 

of about 3 to 5 percent, which is distinctly higher than normal for an 

impure dolomite, and suggests that muc!J of the NazO may have been 
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introduced. A chemical analysis of a specimen typical of the feldspar-

diopside hornfels, however, shows 1.26 percent of Na20 which may well 

have been present in the original rock. Textures in which microcline 

and quartz appear to have formed at the expense of diopside suggest at 

least a local introduction of potash and alumina into other rocks of 

the hornfels member, an introduction also indicated by the presence 

in tremolite bodies of late-stage phlogopite, occuiiing as fracture-

controlled veinlets and bordering granitic dikes. 

The preponderance of sodic over calcic feldspar in a calcite-

bearing rock, however, need not necessarily be attributed to the meta-

somatic introduction of soda, but could well have been caused by high 

h . t s h dit. kn 12/ . pressure and s earing s ress. uc con ions are own~ to restrict 

±3J Turner, F. J., The genesis of oligoclase in certain 
schists: Geol. Mag., vol. lxx, pp. 529-541, 1933. 

the lilne content of plagioclase. The formation of microcline in pref-

erence to muscovite, probably was controlled by the excess of alkalies; 

whether of sedimentary or hydrothermal origin. As indicated by 

Turne~, in all but highly magnesian rocks, potash feldspar in an 

13/ Turner, F. J., Evolution of the metamorphic rocks: 
Geol. Soc. Am. Mem. JO, p. 94, 1948. 

environment of calcite will always crystallize in preference to mica if 

the weight ratio CaO +- KzO + Na20 exceeds unity. 
A1203 

Although diopside is present in the hornf elsic rocks to the almost 

complete exclusion of other magnesium-bearing minerals, elsewhere in the 
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mine area it occurs in replacement veinlets in forstertic marble. 

These veinlets suggest the possibility that at least some of the 

diopside in the hornf els is of hydrothermal origin. The diopside in 

the hornfels, however, is not veinlet-forming, and probably was de-

rived mostly from original constituents. The thorough dissemination of 

quartz suggests that silica also was originally abundant. 

Physical conditions and equilibrium relations. Significant to a 

consideration of the physical envirorunent and equilibrium relations of 

the hornf elsic rocks are (1) the preponderance of diopside over 

amphibole and the post-diopside age of most or all of the amphibole, 

(2) thecbundance of quartz and the absence of forsterite, and (3) the 

widespread quart:z-calcite association and the absence of wollastonite. 

BowenW, in his classic discussion of the progressive metamorph-

Y:J Bowen, N. L., Progressive metamorphism of siliceous 
limestone and dolomite: Jour. Geol., vol. 48, 
no. 3, p. 245, 1940. 

ism of siliceous limestone and dolomite, notes that diopside first ap-

pears in the fourth of 13 steps that mark increasing decarbonation 

with rising temperature. This step, which is indicated by the reaction 

calcite tremolite di op side f orsterite 

is defined by a P-T curve showing the temperature at which the reaction 

can proceed at a given pressure. At higher temperatures for a given 

pressure, calcite and tremolite cannot coexist in equilibrium. 
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Bowen 1 s!2/ schematic representation of this curve suggests, for example, 

15/ Bowen, N. L., op. cit., p. 256. 

that the reaction could occur at about 470 degrees C. under 200 atmo-

spheres pressure, and at about 600 degrees C. under 2000 atmospheres 

pressure. 

Bower)§/ has also arranged the following sequence of minerals in 

16/ Bowen, N. L., op. cit., p. 260. 

the order of their production with rising temperature: (1) tremolite, 

(2) forsterite, (3) diopside, (4) periclase, (5) wollastonite, (6) mon­

ticellite, (7) akermanite, (8) spurrite, (9) m.erwinite, (10) larnite. 

He cautions, however, that the presence of any one of these minerals 

can be used as an indicator of metamorphic temperature only if the 

original material was a siliceous dolomitic limestone, and only when 

such a rock was sufficiently immobile to prevent the rapid elimination 
17/ 

of carbon dioxide from the system. Bowen-- also notes that 11the 

!J./ Bowen, N. L., op. cit., p. 258. 

amount of alumina present (or added) might ••••••••• be so great as to 

prevent the formation of some of the reference phases in all stages of 

metamorphism". He believes, however, that in the contact metamorphism 

of a siliceous dolomite a high concentration of carbon dioxide is 

generally maintained, and that the index minerals, as listed, can be 

used with reasonable certainty. 

If, in the hornfelsic rocks the formation of diopside was 
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preceded or accompanied by the formation of tremolite or forsterite, 

evidence of this w:as not noted by the writer. Tremolite appears in the 

first of the thirteen steps which is represented by the reaction 

3Ca.Mg( COJ) 2 + 4Si02 

dolomite quart.z tremolite calcite 

provided an anhydrous formula for tremolite is used. As indicated by 

Bowen, the hydrous character of tremolite introduces a complicating 

factor, beaause a participating liquid phase must be present both above 

and below the reaction temperature. "If the rock 'boils dry'lS/ below 

W The term 11dry11 , as used by Bowen and in the present 
paper, does not imply that no water is present, 
but that no liquid water is present. 

the reaction, no trernolite is formed; if it 'boils dry' at the reaction 

point, some tremolite forms".!2/. 

!2J Bowen, N. L., op. cit., p. 241. 

In the known examples of thermal metamorphism of siliceous dolo-

mites tremolite, as a mineral phase, is commonly absent, and forsterite 

is ordinarily believed to be the first phase formed. Because f ors-

terite is unstable in the presence of quartz, the forsterite-quartz 

association is cited as an example of disequilibrium. 

The extent of circulating solutions, during the formation of 

diopside, cannot be demonstrated with certainty. It will be shown in 

following sections, however, that the mafic and granitic masses, which 

intimately penetrate the hornfels member, were emplaced in an order of 
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decreasing basicity and that much, if not all, of the metasomatism is 

related to the granitic rocks. It is possible, therefore, that the 

highest temperatures were reached in a relatively "dry" environment 

before the granitic rocks were emplaced, perhaps during the emplacement 

of the maf ic rocks. 

If circulating waters were present in negligible amount, or, if 

abundant, were able to maintain a high concentration of carbon dioxide, 

during the formation of the diopside, several factors could account for 

the general absence of tremolite and forsterite. Water may not have 

been available to enter into the tremolite-f orming reaction or an abun-

danee of al:umina may have prevented the appearance of tremoli te 

altogether. If tremolite did exist and equilibrium was attained upon 

the appearance of diopside, the instability of the association calcite-

tremolite would have led to the disappearance of tremolite as a mineral 

phase. The absence of forsterite could be attributed to either an 

abundance of alumina or to an attainment of equilibrium wherein 

forsterite was unstable in the presence of quartz. 

Wollastonite, like forsterite, is notably absent from the horn-

f els. The production of wollastonite by the reaction of quartz and 

calcite, as shown by the equation CaC03 + Si02 ~ CaSi03 + C02, 
calcite quartz wollastonite 

is commonly cited as a reliable indicator of temperature and pressure 

during metamorphism. The association of quartz and calcite in 

equilibrium is likewise used to indicate that, at a given pressure, 

the temperature that would permit the reaction has not been reached. 

This reaction is the sixth of the thirteen steps mentioned above. 
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Its P-T curve, as shown by Bowe~, includes, for example, points at 

'£:Q/ Bowen, N. L., op. cit., p. 256. 

about 650 degrees C. and 200 atmospheres pressure, and at about 780 de­

grees c. and 2000 atmospheres pre(ure. But caution should be used in 

citing of even these temperatures as the highest at which calcite and 

quartz can coexist at the indicated pressures; and the possibility that 

the highest temperatures in the metamorphism of the rocks of the Silver 

Lake area were attained under conditions of high temperature and shear-

ing stress should hot be overlooked. Such conditions are ascribed to 

the metamorphism of rocks of the staurolite-kyanite facies as described 

by Turne#/. In this f acies wollastonite is believed to be unstable. 

'!d:.f Turner, F. J., op. cit., pp. 86, 102. 

If the presence of diopside and the association of calcite and 

quartz can be taken as reliable indicators of metamorphic temperature 

and pressure in the development of the hornf els, the maximum tempera­

ture would lie in the area between the curves of step 4 and step 6 as 

shown by Bowen. If, for example, a pressure of 1000 atmospheres is as­

s-d, a temperature in excess of 600 degrees c. would be indicated to 

assure the formation of diopside; and a temperature of 780 degrees c. 
probably could not have been greatly exceeded without the appearance of 

wollastoni te. 

The talc bodies are composed mostly of minerals produced during a 

period of retrogressive metamorphism and extensive metasomatism, which 

will be discussed in more detail in a section to follow. Remnant 
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grains of forsterite partly to wholly replace~by tremolite, serpentine, 

and talc, were noted at several places along the talc-bearing zone. The 

forsterite grains appear to be the only representatives of the assem­

blage that antedated the three later minerals. Of the three, tremolite 

is by far the most abundant. The association of tremolite and 

forsterite, known only to occur in metamorphosed carbonate rocks, in­

dicates the original sediment to have been carbonate-rich. In con­

trast with the enclosing wall-rocks of hornf els, the talc bodies con­

tain only one or two percent each of alumina, potash, and soda. That 

the original sedimentary rock was comparably poor in these constituents, 

is probably a valid assumption. 

If equilibrium can be assumed at the time of the production of the 

forsterite, a deficiency of silica would thereby be indicated. That 

the original rock was silica-deficient is suggested by virtually com­

plete absence of quarts in the talc bodies, except in granitic veinlets. 

It should be recalled, however, that in other metamorphic terranes 

f orsterite and quartz are commonly in close association, howbeit in 

disequilibrium, and that an original silica deficiency cannot be con­

clusively demonstrated for the talc bodies. 

The lenses of various schistose rock types in the hornfels member 

generally appear to represent zones of stress that parallel the planar 

features of the member. The phlogopite and tremolite, so common in 

the schistose layers, are probably both younger than the diopside in 

the enclosing rocks. Although diopside is notably absent in the larger 

schist bodies, it is in association with amphibole (tremolite or 

actinolite) along the schist borders and along contacts between 
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hornf els and granitic dikelets. Wherever age relations between diop-

side and the amphibole were observed, the amphibole was consistently 

later
22

/. That phlogopite commonly occurs in tremolite rock as vein-

'!:£:/ A diopsidic border zone along a granite veinlet in 
tremolite rock provided the only observed ex­
ception to this statement. 

lets and as borders of late-stage granitic dikelets, shows that much, 

if not all, of the phlogopite in the mine area was late-forming. 

Quartz-biotite schist member 

Distribution 

A quartz-rich, commonly schistose metasedimentary unit contair..:i.ng 

biotite as a distinctive mineral, persists for the full length of the 

talc-bearing zone. This quartz-biotite schist member (pl. 7a) overlies 

the hornfels member; but the two are ordinarj:.ly separated by bodies 

of granitic rock or lamprophyre. The quartz-biotite schist member's 

full thickness is about 150 feet. Invasion ar granitic rock has caused 

the member to be considerably thinner for much of its exposed length, 

but has nowhere visibly displaced or distorted it. 

Other biotite-rich metasedimentary units exist below and above 

the part of the section occupied by the five members considered here; 

but, of the five, only the quartz-biotite schist contains biotite as a 

characteristic mineral. 
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Petrology 

Though easily recognized by its biotite content, the member has a 

markedly variable mineralogy. Its texture ranges from massive granular 

to schistose, and from fine- to medium-grained. The more massive 

varieties, represented by exposures south of the Gould workings are 

largely quartzites with very subordinate amounts of biotite, muscovite, 

and feldspar. A crude planar structure in these rocks is produced by 

layers of contrasting grain size and by layers with a somewhat higher 

than average mica content. 

The quart..zitic varieties, which are typically light gray, grade 

into dark gray, distinctly schistose rocks containing as much as JO 

percent biotite and appreciable amounts of muscovite and feldspar. 

Biotitic layers characteristically alternate with felsic lenticles or 

bands one-eight inch or less thick. The rocks of this phase conun.only 

grade into migma.tites which, in tur.n, pass gradationally into poorly 

foliated granitic rocks. Both the migma.tites and granitic rocks con­

tain dikelets of leucogranite and aplite that lie across the planar 

structures. 

Migmatiti~ation is particularly well shown in the area south of 

the two Addenda workings where the hornf els and biotite schist members 

are separated by a_200-foot belt of predominently tonalitic rock. 

Here, as elsewhere, the contacts between hornfels and granitic rocks 

are sharp. The biotite schist, however, is gradationally separated 

from the granitic belt by migmatite. In a zone from 50 to 100 feet 

wide, there is a gradation from schist-free tonalite with a crude 
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planar structure, through tonalite with many schistose layers and high­

ly migmatized schist, to schist relatively free of migmatite. Similar 

gradations are comm.on elsewhere. Virtually all of the truly m:i.gmatitic 

rock in the mine area is, in this manner, associated with the mre mica­

ceous phases of quartz-biotite schist. The quartzitic phases, as well 

as the area's other non-schistose rocks are generally free of migmatite, 

but contain granitic material in relatively large sill-like masses. 

Petrography 

In thin section, a specimen of a biotitic phase of the quartz­

biotite schist member is shown to contain about one-half quartz, one-

f ourth microcline, one-fourth mica, and minor amounts of albite, 

apatite, and opaque grains. The quartz and microcline form a mosaic 

with grains as much as 5 nun. in diameter. Most of the microcline, how­

ever, is concentrated in what seems to be a migmatitic layer. The 

quartz grains show 1.Uldulatory extinction and a tendency toward 

elongation parallel with the schistosity. 

About three-fifths of the mica is biotite; the remainder is mus­

covite and sericite. Most of the mica shreds are in general alignment 

and are clustered in discontinuous parallel layers. Biotite grains are 

as much as 3 mm. in length; the muscovite grains are ordinarily smaller. 

Some of the muscovite is in large grains, but most is in sericitic 

aggregates that have partly to wholly replaced biotite. The microcline 

is slightly sericitized. 
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Metamorphism 

The unmigma.titized parts of the biotite schist member, consisting 

predominantly of dimensionally oriented, elongate quartz grains and 

biotite shreds, seem best attributed to the metq.morphism of an impure, 

carbonate-free quartzite under conditions of high directional pressure. 

That biotite, rather than muscovite, is the principal mica, suggests 

iron- and magnesia-rich impurities indig&nous to the original sediment 

in the form of chloritic or perhaps mafic tuffacto'.ous material. The 

abundance of biotite in and near the migmatite zone in the west part of 

the mine area could, perhaps, be cited as a basic 11front 11 in which iron 

and magnesia had been introduced in advance of a 11granitization waven23/. 

See, for example, Reynolds, D. L., The association of 
basic llfronts11 with granitization: Sci. Prog., 
vol. 35, pp. 205-219, 1947. 

Several factors, however, mitigate against the presence of biotite-

rich basic 11i'ronts11 in the mine area. The distribution of biotite in 

the metasediments appears to be largely, if not entirely, a stratigraph-

ic feature. Well defined stratigraphic planes separate the quartz-

biotite schist member from the underlying biotite-poor hornf els member 

and the overlying biotite-free quartz-muscovite schist members. None 

of the metasedimentary rocks that normally contain little or no biotite 

show the development of the mineral in the vicinity of granitic con-

tacts. There is widespread evidence of iron and magnesia metasomatism 

in the hornfels member; but the two generally have been separated in 

time (i.e. dolomite (?) replaced by tremolite rock which is in turn 
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altered to actinolite along borders of granitic dikelets) and did not 

produce biotite. Instead, in the mine area, biotite schists appear to 

have been most susceptible to migmatization. A degree of impoverish-

ment in iron and magnesia and enrichment in potash is indicated by a 

progressive decrease in biotite with increasing intensity of migmatiti-

zation, a trend shown microscopically by the partial sericitization of 

the biotite. 

The reconstitution of initially solid rocks to migmatites commonly 

has been described as occurring in the presence of silicate melts. 

Eskola~, for example, J.imita the term 11migmatite 11 to rocks of this 

2JJ,/ Eskola, P., et. al., Die Entstehung der Gesteine. 
Springer, Berlin, 1939. 

origin. Such melts have been indicated variously as true magmas, as 

highly fluid magmas, and as liquids produced by differential fusion. 

The development of rocks with migmatitic textures has also been ascrib-

ed to metasomatic replacement involving an aqueous pore solution, and 

to diffusion in the solid state. Few geologists insist, however, that 

all migmatitic rocks must develop by any one of these processes. 

Turne~ has stated that the presence of a silicate melt during the 

25/ Turner, F. J., op. cit., p. 305. 

development of a migmatite is indicated by a "general abundance of 

pegmatitic, aplitic and other igneous veins, lenses, and streaks"; 

whereas quartsose veins prevail in strictly metamorphic rocks. If this 

criterion is valid, the migmatite zones of the mine area were of the 

silicate melt variety. 
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Time limitations did not permit a detailed petrographic study of 

the migmatites of the Silver Lake mine area. Megascopic observations 

and detailed mapping, however, show that the enclosing schists have 

not been displaced or shouldered aside in the development of rnigmatite. 

Quartz-muscovite schist member 

Distribution 

The quartz-muscovite schist member is pale orange to dark yellowish 

orange in color and consequently contrasts with the underlying gray 

quartz-biotite schist. In the area mapped, the quartz-muscovite schist 

ranges from 35 to 125 feet in thickness; but farther east, in the 

vicinity of the Number Four workings, the member is much thicker. 

Petrology 

The member is composed mostly of very even layers, alternately 

rnicaceous and quartzitic, and ranging in thickness from a fraction of 

an inch to several feet. The schistose rock commonly contains scatter­

ed iron oxide grains producing a pepper-sprinkled appearance. 

Locally interbedded with the schist and quartzite are elongate 

lenses of marble similar in appearance to the forsterite marble of the 

overlying member. The quartz-muscovite schist member also contains a 

small am:>unt of quartzose amphibolite in thin layers. This member is 

virtually free of rnigmatite, but contains sill-like bodies of granitic 

rocks. 
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Petrography 

A thin section of a specimen, typical of the more schistose facies 

of the member, is composed of approximately three-fourths quartz and 

one-fourth muscovite. It also contains one or two percent of ferric 

oxide and a minor amount of sphene and rutile. 

Most of the quartz grains have lengths from 1 1/2 to 3 times their 

widths and are dimensionally oriented parallel with the schistosity. 

The grains are generally less than 0.3 mm. in long dimension; only a 

few exceed 0.5 mm. They show no undulatory extinction. The rutile, 

which occurs as nwnerous needle-like inclusions in the quartz, is also 

oriented parallel with the schistosity. 

Some of the muscovite occurs in shreds from 0.1 to 1 mm. in 

length, but most of it is in aggregates of much smaller sericite shreds. 

The aggregates are peripheral to the quartz grains, and form thin 

layers that are the principal cause of the schistosity. The ferric 

oxide grains are dark red and opaque to translucent. 

11icroscopic examination of a specimen from one of the marble 

lenses shows that it is an ophicalcite composed of about three-fourths 

carbonate, one fourth chrysotile, and a few percent of antigorite, 

talc and opaque material. The carbonate, mostly if not entirely dolo­

mite, is in grains that average about 0.2 mm. in diameter. These are 

locally stained with iron oxide, but are generally unclouded. The 

serpentine is in evenly disseminated grains that average less than 0.1 

mm. in maximum dimension. Most are nearly equant grains of chrysotile, 
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probably pseudomorphic after forsterite, but some are antigorite shreds, 

partly to wholly replaced by talc. The opaque material occurs mostly 

as minute inclusions in the equant serpentine grains. The presence of 

both f orsterite and clinohumite elsewhere in the marble lenses was noted 

in the inspection of mineral fragments in immersion media. 

Thin section studies show that the amphibolite schist layers are 

composed almost entirely of elongate grains of quartz and ferruginous 

amphibole of approximately equal proportion. Both are dimensionally 

parallel and range mostly from 0.5 to 1 mm. in long dimension. The 

amphibole (actinolite or hornblende) is strongly pleochroic in shades 

of pale yellow to medium green. Very minor amounts of sphene and 

opaque.material were the only accessories noted. 

Metamorphism 

Rocks composed essentially of quartz, subordinate muscovite, and 

minor amowits of ferric oxide, rutile, and sphene, appear originally to 

have been impure sandstone notably lacking in magnesian and carbonate 

material. Although the proportion of muscovite varies from layer to 

layer, its very even distribution vertically and laterally within indi­

vidual layers several inches to several feet thick suggests that much, 

if not all of the muscovite-forming material wa.s present in the 

original sediment, as sericite, argillaceous material, or a mixture 

of the two, and that this gross layering is a stratigraphic feature. 

As in the other rocks that also show minute layering, the thin 

laminations are probably attributable to metamorphic differentiation. 

In a less metamorphosed terrane these smaller laminations could easily 
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be interpreted as bedding planes, but the survival of such strata is 

improbable in the rocks as highly metamorphosed as those of the Silver 

Lake mine area. 

The quartzose amphibolite layers are apparently metamorphosed im-

pure sandstone beds, but it is unlikely that impurities were present in 

proportions from which amphibole (actinolite or hornblende) alone was 

formed without the addition or subtraction of material. Perhaps co2 

was simply removed from an original carbonate fraction, or MgO, Si02, 

or iron oxide may have been added as they were in other rocks of the 

area. The textures of the rock record little of its metamorphic history 

except formation under conditions of high pressure and stress producing 

thin laminations. Because the amphiboles in the other members post date 

such minerals as diopside and forsterite, the amphibole of the quartzose 

amphibolite may have formed relatively late. 

Forsterite marble member 

Distribution 

The forsterite marble member (pl. 7b), a crystalline unit rich in 

disseminated magnesian silicates (i.e. forsterite, clinohumite, chryso­

tile, antigorite, and talc), and containing numerous diopside-~rysotile­
" 

antigorite-calcite veins, persists from the area south of the Gould 

talc bodies westerly for about 4000 feet to the alluvial overlap. In 

this area, the member ranges from 45 to 65 feet thick. South of the 

eastern part of the Gould workings it terminates against a granitic 

mass, but east of the mass a series of thinner marble lenses apparently 
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the two minerals differs from section to section, but on the average, 

appear to be equally abundant in the marble of the member itself. In 

the lenses below, forsterite (or chrysotile altered from it) apparent­

ly predominates. 

The grains of both the f orsterite and clinohumite are equant and 

sub-rounded. Both have maximum diameters of about 2 mm., but most 

grains are less than 0.5 mm. in diameter, and distinctly smaller than 

the f orsterite grains in the talc-tremolite bodies. Both are similar 

in appearance and in optical properties; but the clinohumite is ordi­

narily distinquishable by a straw yellow pleochroism. The forsterite 

is best recognized by a partial to complete alteration to chrysotile. 

The clinohumite, by contrast, is unaltered. 

Scattered shreds of antigorite mostly 1 mm. or less in length, 

compose 2 or 3 percent of each thin section. These have been partly 

to wholly altered to talc. Minute grains of a steel gray opa(!ue miner­

al, probably magnetite, are common inclusions in the chrysotile derived 

from forsterite. Green spinel grains are sparsely scattered through 

several of the thin sections. 

An inspection of numerous powdered specimens of the veinlet ma­

terial showed that chrysotile is the most abundant mineral in these 

bodies, but that diopside locally predominates. Where chrysotile and 

diopside are associated, serpentine is the later of the two minerals. 

The diameters of the diopside grains average less than 0.3 mm., but 

some are as much as 3 mm. Antigorite shreds are interstitial to the 

diopside; both are transected by numerous chrysotile veinlets and by 

less numerous calcite veinlets. Opaque grains are commonly included 
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in the antigorite shreds and are particularly abundant in the chryso-

tile veinlets. Extended petrographic studies may well show that the 

serpentine in all of the veinlets has similarly formed at the expense 

of diopside and antigorite. 

Metamorphism 

The silica deficient assemblages that characterize the f orsterite 

marble member and the marble lenses in the underlying schist are typical 

metamorphic derivatives of low-silica magnesian limestones and dole-

mites; but the paragenesis is somewhat obscured by the effects of cir-

culating solutions, the full extent of which cannot be completely 

demonstrated. In the absence of contradictory evidence, it is assumed 

that the evenly disseminated silicate grains, in large measure, reflect 

the amount and character of the impurities in the original rock, and 

that a large part of the vein-f orining material has been introduced. 

That hydrous solutions also penetrated the intervein blocks of the 

member and the unveined lenses beneath is shown by the widespread , 
serpentinization of £orsterite and alteration of antigorite to talc. 

The introduction of fluorine is indicated by the abundant clinohumite. 

That the combined amount of forsterite and clinohumite remains 

nearly constant throughout these rocks, regardless of the proportions 

of the two minerals, suggests that the magnesia and silica of both 

were derived largely from the original sediments. The abundance of 

clinohwnite would thereby seem to be a measure of the availability of 

fluorine. Because the rock contains no free silic~, it can be 

reasonably assumed that the silica, in the original sediments was 
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consumed in the development of the magnesian silicates. The presence 

of very thinly disseminated spinel, the only aluminous constituent of 

the marbles, probably points to the original presence of a correspond-

ingly low proportion of argillaceous material. 

The metamorphic significance of the disseminated antigorite shreds 

is not clear. If formed at the expense of a pre-existing magnesian 

silicate, they contain no remnants of it, nor is it demonstrably 

pseudomorphic. Bowen and Tuttle~ have cited laboratory evidence that 

JE./ Bowen, N. L., and Tuttle, O. F., The system MgO-Si02-H20: 
Geol. Soc • .America Bull., vol. 60, PP• 439-460, 
1949. 

pure magnesian serpentine cannot exist at temperatures above 500 degrees 

c. regardless of pressure. Therefore, the antigorite and chrysotile 

probably formed at temperatures well below ma.x:inrum for the metamorphism. 

It will be remembered that the mineral associations of the hornf elsic 

rocks strongly suggest maximmn temperatures well in excess of 500 degrees 

C. Higher temperatures are also suggested by the position of chryso-

tile in the paragenesis of talc-tremolite rock. 

The serpentinization of f orsterite by merely the addition of H20 

also yields brucite by the equation, 

f orsterite brucite serpentine 

. 27/ a reaction that Bowen and Tuttle=-:.' have shown to proceed only at 

'lJ_/ Bowen, N. L., and Tuttle, o. F., op. cit., P• 542 
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temperatures less than 400 degrees C. The serpentinization of forster­

ite in the marbles of the mine area, however, was apparently unaccom­

panied by brucite. If, as many geologists believe, such serpentiniza­

tion involves no change in volume, silica and water were added to the 

forsterite while magnesia was removed. 

The origin of the dolomite, abundant in the carbonate fraction of 

the rock, is obscure. A survival of dolomite from the original sedi­

ment would indicate that the fifth of Bowen's thirteen steps had not 

been reached. This step marks the decomposition of dolomite, which , 

in the absence of available silica, introduces periclase as a new 

mineral phase. The forsterite-calcite-dolomite association is thereby 

replaced by the forsterite-calcite-periclase association according to 

the reaction -

CaMg( C°-3) 2 + CaC03 ~ Mg0 + C02 
0 

dolomite calcite periclase 

Although periclase does not exist in the rock it may have been com­

pletely replaced by some of the serpentine. 

If the magnesium in the disseminated silicate minerals is in­

digenous to the original sedimentary rock, the minerals are abundant 

enough to contain most, if not all, the magnesium of the original dolo­

mite. The rock's present high proportion of dolomite, therefore, sug­

gests the addition of relatively large amounts of magnesium. Perhaps 

some of the magnesium was derived from the serpentinization of forster­

ite; but the abundant veinlets of serpentine and diopside point toward 

a more distant source for much of the hydrothermally transported 

magnesia. 
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The planes along which the silicate grains commonly cluster resem­

ble relict bedding in that they are approximately parallel to planes 

that are clearly of sedimentary origin. In this rock, as in the others 

that contain small-scale planar structures, such small strata could 

hardly have survived the stress and high pressure for which there is 

such abundant evidence in rocks of the mine area. 

Quartzite member 

Distribution and petrology 

The uppermost of the five members is a vitreous quartzite that in 

all of its exposures lies between the forsterite marple member and the 

granitic rock. The quartzite is mediurn light gray, medium- to coarse­

grained, dense, and vitreous. The member also contains very subordinate 

thinly-layered quartzose amphibolite similar to the amphibolite in the 

quartz-muscovite schist member. The quartzite was not traced east of 

the area south of the eastern part of the Gould workings where it abuts 

against a granitic mass. The exposed thickness of the member ranges 

from 2 to 25 feet. Because it is nowhere overlain by metasediments, 

its original thickness may not be indicated in these exposures. 

Petrography 

A thin section of a specimen typical of the quartzite member con­

tains about 90 percent quartz, 10 percent feldspar, and 2 to 3 percent 

mica. The quartz grains, although irregular in outline and having 

sutured borders, are markedly elongate parallel with the overall 



Name 

Upper units 

Quartzite member 

Marble member 

Quartz-muscovite 
schist member 

,~uartz-bioti te 
schist member 

Hornfels member 

Lower units 

IV'iaximum 
thickness 
in feet 

400+ 

25 

60 

125 

185 

155 

400-t-
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Description 

Complex of metasedimentary bodies, 
principally quartz-biotite schist; 
diopside-f eldspar hornf els and 
quartzite less abundant; interlay­
ered with tonalite and granitic 
gneiss. 

Quartzite, light gray, medium-grained, 
massive, compact, vitreous; con­
tains thin layers of lli~phibolite. 

Marble, dolomitic, olive gray, medium­
grained. Generally shows crude 
planar structure. Contains abun­
dant disseminated silicate grains 
(forsterite, clinohumite, chryso­
tile, antigorite, talc) and small 
silicate veinlets (diopside, 
chrysotile, antigorite~. 

Schist and quartzite composed mostly 
of quartz and muscovite; orange, 
fine- to medium-grained. Contains 
layers of marble ond arnphibolite. 

Schist <:'.nd c1uartzite com9osed mostly 
of ::iunrtz and biotite; gray, 
medium-grained; commonly contains 
migmatite. 

Hornfels composed mostly of feldspar, 
diopside, and quartz; green, fine­
to coarse-grained; thin lanri.nations 
characteristic; also contains lay­
ers of mica schist, tremolite schist, 
massive tremolite rock, talc schist, 
quartzite, and marble. A common 
host for pegmatite and lamprophyre. 

Complex of various metasedimentary rocks 
(schists, hornfels, quartzite) 
interlayered with tonalite, granite 
gneiss, and silexite. 

Table 1. General features of metasedimentary rock sequence in 
western part of Silver Lake mine area. 



attitude of the member. The lengths of such grains conunonly exceed 5 

mm.. and are ordinarily from 2 to 5 times their widths. 

The feldspar and mica grains are much smaller; these occur in the 

quartz as poikilitic inclusions and are also elongate parallel with the 

general planar structure of the rock. The lengths of most of the f eld-

spar and mica grains are less than 0.2 .mra.; rarely do they exceed 0.5 

mm. Although much of the feldspar is highly sericitized, all appears 

to be alkalic. Many of the less altered feldspar grains are albite. 

The mica is predominantly biotite, but the section contains a few 

scattered grains of muscovite. Minute rutile needles, oriented in 

seemingly random directions, are common in the quartz-grains. Other 

relatively abundant accessories are sphene, apatite and opaque grains. 

Metamorphism 

The quartzite apparently is a metamorphosed siliceous sandstone, 

with very subordinate aluminous material, recrystallized under con-

ditions of high directional pressure, and partly sericitized. 

LAMPROPHYRE~ 

~ The term 11 lamprophyre" is used here in its broad com.­
positional and textural meaning and does not imply 
a diaschistic origin. 

Distribution 

Lamprophyric rock, mostly hornblende kersantite but gradational 

through diabase into diorite, is widespread in the Silver Lake mine 
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area, but is much less extensive than the granitic rocks. Most of the 

laruprophye bodies are dikes or irregular pods less than 50 feet in max­

imum dimension; but a few are relatively thick, tabular bodies several 

hundred feet long. In general, both the abundance and size of the 

lamprophyre bodies increase from west to east within the area mapped. 

The bodies are particularly numerous within or adjacent to the hornf els 

member; but, unlike the granitic bodies in the hornfels member, the 

lamprophyre has not visibly altered the bordering metasediments. 

Petrology ~ petrograpby 

All of the lamprophyre bodies are persistently composed of about 

two-thirds andesine and one-third mafic minerals. The ma.fie fraction 

of the smaller bodies and large parts of the larger bodies consists of 

biotite and hornblende in nearly equal amounts, to form the hornblende 

kersantite f acies. The larger bodies contain all gradations between this 

rock and biotite-poor diorite. All f acies of the lamprophyre are gra:y 

in color. The dioritic facies ordinarily has an ophitic texture. The 

hornblende kersantite f acies is locally ophitic but generally shows a 

strong secondary schistosity. 

The largest lamprophyre body in the mine area lies south of the 

Number Two and Number Two and One-half workings and separates the 

hornf els and quartz-biotite schist members. It is approximately 1000 

feet in length and .300 feet in maximum width. The bordering meta­

sedimentary units conform in outcrop pattern with the margins of this 

body, and appear to have been shouldered aside during its emplacement. 

The lamprophyre of this mass locally grades into diorite and is also 

cut by dike-like bodies of tonalite, aplite, and pegmatite, each of 

which has sharp contacts. 
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A smaller lamprophyre body, approximately JOO feet long and 50 

feet wide, lies along the hornfels and quartz-biotite schist contact 

bet-vveen the Gould and Number Two and One-half workings and also shows 

a transition into tonalite. It is most mafic near the hornf els con­

tact, and becomes successively more falsie from north to south toward 

the quartz-biotite schist contact. The transition is mostly gradation­

al, but it is also marked by a north to south ma.fie to f elsic change 

in the composition of dikelets that intimately penetrate the rock. 

Most of the mineralogic and textural variants of the lamprophyre in 

the mine area, however, grade into one another almost imperceptibly, 

and are probably closely related in time. 

Tonalitic, aplitic, and pegmatitic dikes and dikelets that cross­

cut the lamprophyre show that it is older than the granitic rocks of 

the area; but the local gradation of lamprophyre into tonalite suggests 

that the time of formation of the less f elsic phase of the granitic 

sequence closely followed the emplacement of lamprophyre. Such a 

gradation, however, may represent a replacement of lamprophyre by tona­

lite rather than closely related magmatic phases. 

An examination of several thin sections of the hornblende 

kersantite showed only a moderate range in mineralogy. The smaller 

bodies consistently contain about 70 percent andesine, 15 percent 

hornblende, and 15 percent biotite. A specimen typical of the medium­

grained dioritic parts of the larger bodies is somewhat more mafic in 

that it contains about 60 percent andesine, 35 percent hornblende, 

and 5 percent biotite. Sphene and opaque grains are very abundant 

accessories; apatite is also comm.on. 
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The rock is holocrysta,lline and the grains of its principal 

minerals are generally of comparable size. The minerals of the small-

er bodies are mostly in grains that range from 0.2 to 1 mm. long. 

Average grain sizes of more than 2 mm. are common in the larger bodies. 

Some of the dioritic rock contains hornblende blades as much as one 

inch long. Much of the feldspar is partly to thoroughly sericitized. 

Otherwise, the rock shows very little alteration. 

GRANITIC ROCKS 

General features ---
The granitic rocks of the Silver Lake mine area range in compo-

sition from tonalitic to silexitic, and in texture from granular to 

gneissic and schistose. Three rock types comprise most of the granit-

ic material: (1) a granular to poorly-foliated rock, designated as 

tonalite, but gradational into true granite; (2) a microcline-quartz-

mica gneiss; and (3) a microcline silexite. These three persist as 

relatively well-defined units throughout the area, but in many places 

the tonalite and rnicrocline-quartz-mica gneiss are too intricately as-

sociated to be mapped separately on the scale of the accompanying map 

(pl. 1). Therefore, the two appear as a single unit. 

Dikes and dikelets of pegmatite, aplite, and granite, though sub-

ordinate in volume, are widespread. Each is composed principally of 

microcline and quartz. 
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Tonalite 

Distribution 

Under the name 11 tonalite11 is included a structurally homogeneous 

to moderately schistose rock (pl. 8a) that composes more than half of 

the granitic material in the mine area. In most of its occurrences 

this unit is tonalitic, but the granite into which it grades is rela­

tively abundant. 

Tonalite together with subordinate amounts of microcline-quartz 

gneiss, comprises most of the granitic mass that surrounds the large 

metasedimentary "islands11 in the vicinity of the two Addenda workings. 

Nearly all of the granitic rock south of the Gould, Number Two and One­

half, and Number Two workings is likewise tonalite. In this area the 

rock commonly occurs in sill-like bodies, as much as 50 feet thick and 

1100 feet long. The bodies are particularly large and numerous in the 

quartz-biotite schist member; but several are also in the quartz-musco­

vite schist member. 

In the area south and east of the eastern part of the Gould work­

ings, tonalite occurs in large, irregular masses that contain very 

elongate metasedimentary inclusions consisting mostly of quartz-biotite 

schist. Some of the inclusions are several hundred feet in length. 

The inclusions are ordinarily parallel to each other and have the same 

attitudes as larger nearby metasedimentary masses. 

A schistose granite phase of the tonalite unit exists in two 

elongate masses, each more than 300 feet long. One is north of the 

Eastern Addenda workings; the other is north of the Gould workings. 
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The Eastern Addenda mass is in sharp contact with structurally homo­

geneous tonalite and appears to be surrounded by it. Much of the 

other mass is hidden by alluvium and talus; in some exposures, it is 

bordered by tonalite, and in others by microcline sile.xite. 

As noted abo!e, much or all of the tonalite unit postdates the 

lamprophyre. Its age relation to the microcline-quartz-rnica gneiss 

and to the microcline sile.xite is less clear. In many places a narrow 

zone of tonalite lies between the gneiss or the sile.xite and metasedi­

ments. In the western part of the area, such a zone separates meta­

sediments of the quartzite, forsterite marble, and quartz-muscovite 

schist members, from microcline-quartz-mica gneiss to the south. This 

zone is 8 to 50 feet thick and more than 1500 feet long. It is in 

sharp contact both with gneiss and meta.sediments; within a few feet of 

the gneiss it contains numerous large microcline crystals. A zone of 

the tonalite unit discontinuously separates microcline sile.xite from 

the lower border of the hornf els member throughout the eastern part of 

the area. Here, too, contacts are sharp, but the large microcline 

crystals are absent. 

The pattern of these zones at first suggests an intrusive origin; 

but the abundance of the microcline crystals near the contact with 

gneiss, and absence of crosscutting tonalite bodies in gneiss or the 

silexite do not support the intrusive concept. Indeed, the zones ap­

pear to be a less siliceous and less potassic contact phase of the 

microcline-rich units. At a locality just east of the Gould workings, 

a dike-like septUin of silexite extends into tonalite and apparently 

postdatesit. The tonalite, therefore, appears to be part earlier, and 
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in part contemporaneous with the microcline-quartz-mica gneiss and the 

microcline silexite. Conversely, much or all of the tonalite is later 

than the lamprophyre. 

Petrology and petrography 

The average tonalite is a light to medium gray, medium-grained 

rock composed of about one-half plagioclase feldspar, one-fourth quartz, 

and one-fourth potash feldspar, muscovite and biotite. In some places 

it also contains scattered euhedral microcline phenocrysts as much as 

two inches in length. In many of its occurrences, it appears to be 

structurally homogeneous; in others, it has a crude planar structure 

that approximately parallels the attitude of the nearest metasediment-

ary masses. 

Thin sections of specimens of the tonalite unit gathered at wide­

ly spaced localities show that, in spite of the differences in the 

ratios of potash feldspar to plagioclase, the textural and structural 

features of the unit are persistent. Most of the plagioclase and 

quartz are in grains that range from 1 to 5 mm. in maximum dimension. 

The plagioclase ranges from calcic oligoclase in the granite f acies to 

andesine in the typical tonalite. The potash feldspar is predominantly 

microcline, the grains of which are commonly much larger (as much as 

5 mm. long) than those of plagioclase and q~rtz. Orthoclase is less 

abundant and finer grained. The f elsic minerals form a typical 

granitic mosaic, that in some places contains the larger microcline 

crystals. Microperthitic grains and micro graphic intergrovrths of 

quartz in orthoclase are common. 
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In general, the specimens gathered in the vicinity of large bodies 

of lamprophyre and in the sill-like bodies within the metasediments, 

are the richest in plagioclase. The specimens gathered near masses of 

microcline-quartz-mica gneiss are the richest in potash feldspar. 

Mica, consisting of biotite and very subordinate muscovite, 

ordinarily forms from 3 to 10 percent of the rock. The mica is mostly 

in shreds from 0.5 to 2 mm. long, and is corroded and transected by 

quartz and feldspar. Opaque accessory grains are connnonly associated 

with the biotite. In some sections, apatite is also a common accessory. 

Zircon is present, but less abundant. 

Some of the feldspar has been partly sericitized, but the rock as 

a whole is relatively unaltered. Minute fractures are common, however, 

and the quartz grains show undulatory extinction. 

Microcline-quartz-mica gneiss 

Distribution 

Microcline-quartz-mica gneiss is a distinctive and prominent unit 

in the area of the Addenda workings. It commonly occurs in small 

masses intimately associated with tonalite; but the gneiss composes 

nearly all of the large granitic mass exposed south of the quartzite 

member in the area of the two Addenda workings. It is separated from 

the metasedimentary rocks that border it on the north by the thin zone 

of tonalite. 

In the granitic rock mass exposed north of the quartz-biotite 

schist member in the Addenda area, the gneiss is subordinate to 
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slightly schistose tonalite. In this area, relatively small bodies of 

the gneiss are interlayered with tonalite. The two units are generally 

separated by sharp contacts, but neither rock appears to penetrate the 

other. East of the Addenda area, very little gneiss was observed. 

Petrology and petrography 

The gneiss is a light gray, medium-grained rock composed of about 

one-half potash feldspar, one-third quartz, subordinate albite, biotite 

and muscovite, and a trace of opaque grains. The rock locally contains 

microcline crystals as much as 4 mm. long. The foliation (pl. 8a,b) is 

caused principally by thin layers, rich in aligned mica flakes, alter­

nating with thicker, mica-poor layers composed of a feldspar-quartz 

mosaic. The micaceous layers are ordinarily spaced about one centi­

meter apart. Many of the gneiss exposures show a pronounced lineation 

produced by small crenulations in individual folia and by broad crenu­

lations in f olia groups. 

In thin section the quartz-microcline mosaic is shown to be com­

posed of irregular grains mostly in the 1 to 4 mm. range in long 

dimension. The albite and orthoclase grains are much smaller. 

The microcline is slightly perthitic. It is also poikilitic and 

contains numerous rounded grains of quartz and orthoclase. Micro­

graphic intergrowths of orthoclase and quartz are common. Mica shreds 

are as much as .3 mm. in length. They commonly occur as aligned 

residua, surrounded and corroded by feldspar and quartz. 

Microcline is the least altered of the feldspars, although it is 

somewhat clouded with minute kaolinite (?) and sericite grains. Many 



60. 

of the albite and orthoclase grains are strongly sericitized. Altera­

tion of biotite to chlorite is also conunon. 

Microcline silexite 

Distribution 

Microcline silexite, an extensive and widespread unit east of the 

Eastern Addenda workings, is the most resistant rock in the mine area. 

The largest silexite body supports the hills along whose lower southern 

slopes much of the talc-bearing zone is exposed. This body, from 70 

feet to more than 400 feet in outcrop width, was mapped for a strike­

distance of 3000 feet, and may well continue much farther to the east. 

l•iiany smaller silexite bodies are exposed in the area that lies south 

of the talc zone and between the Gould a...".ld Number Two workings. 

Most of the silexite bodies are elongate lenses parallel with 

planar elements of the metasediments and of the other granitic rocks; 

but a few are very irregular bodies. Some are enclosed by tonalite or 

metasedimentary rocks, but most lie between units of these two. The 

large body is separated from hornf els on the south by thin, discontin­

~ous tonalite lenses • 

. l\.lthough most of the silexite contacts are relatively sharp, 

gradational contacts are not uncommon. In several places, for example, 

the large body grades laterally into quartz-mica schist through several 

feet. At one locality the writer noted a several-inch gradation of 

silexite into limestone. Irregular septa of silexite locally extend 

into tonalite, but apparently none of the silexite occurs in simple, 
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fracture-filling dikes. 

Petrology and petrography 

The silexite, a white to light gra:y, mediUJn-grained, equigranular 

rock, is composed of about 70 percent quartz, 25 percent microcline, 

and a few percent of muscovite and biotite. Apatite and opaque grains 

are abundant accessories. Also present are traces of rutile, albite, 

and sphene. The rock is sufficiently f eldspathic to be locally a nor­

mal granite. In a few localities the silexite is mica-rich and contains 

schistose masses, but these are unconunon. In inost of its ocClll'rences, 

the silexite is remarkably uni!orm, both in texture and composition. 

The rock is vitreous, compact, and tough. Weathered surfaces show 

quartz cleavages, so well developed that, upon casual inspection, they 

give the rock a highly feldspathic appearance. The rock generally has 

a faint planar structure marked by an alignment of mica flakes, and by 

a parallel elongation of quartz and microcline grains. 

Thin section studies show that most of the quartz and microcline 

is in grains from 1 mm. to 3 mm. in long dimension. The quartz grains 

show a marked undulatory extinction and are crisscrossed by numerous 

rows of minute bubbles. The microcline is locally perthitic. The 

mica is in shreds that are mostly from 0.5 to 2 mm. long and are corroded 

and transected by quartz and microcline. 

Some of the mica is sericitic and occurs in irregular, vein-like 

aggregates, of which some are elongate parallel with the planar 

structure, and others are not. These aggregates apparently record a 

late-stage sericitization that has proceeded ma.inly along mineral 
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boundaries and fractures. Sericite shreds also occur sparsely scatter­

ed in some of the microcline grains. .Much of the biotite is chloritiz­

ed. otherwise, the rock is comparatively unaltered. 

Observed under the microscope, the gradation from silexite to 

limestone is complete within about 4 inches, and is marked by grains of 

quartz, plagioclase and sericite in limestone. 

Microcline-quartz dike rocks 

Dike rocks, composed mostly of quartz and microcline, but with 

textures ranging from aplitic to pegmatitic, are widespread throughout 

the area mapped. From dike to dike within this group, there are all 

gradations in grain size from fine to very coarse. One type or another 

has been noted in crosscutting relationship with all of the previously 

described rock units except the microcline silexite. In this unit, 

finer grained granitic dikes may well have been overlooked, but their 

apparent absence may indicate a degree of contemporaneity with the 

silexite. 

The most irregular in outline and generally the largest of the 

granitic dikes are the pegrnatites. These have formed as elongate 

lenses or irregular pods in most of the rocks of the area. The pegma­

tites are simple in mineralogy and internal structure. Most are merely 

bodies of coarse granitic rock in which the grains do not exceed five 

inches in diameter, and which contain no prominent minerals other than 

quartz and microcline. Such dikes range from a few inches in width 

(pl. 10) and a foot or two in length to as much as 30 feet wide and 200 

feet long. The pegmatite dikes within the talc bodies rarely exceed 3 
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feet in width; many consist entirely of graphic granite. 

The granite and aplite dikes generally are narrower and of more 

uniform thickness than the pegmatites. These finer grained bodies also 

are as long as 200 feet, but most of them are much shorter. 

The microcline-quartz dikes within talc-tremolite rock are common­

ly bordered by concentrations of phlogopite, chlorite, or ferruginous 

amphibole (actinolite ?). Borders of phlogopite or chlorite occur as 

well defined schistose layers that lie close against the dike walls. 

Actinolite ( ?) accompanies chlorite, and tremolite accompanies phlogopite 

in many of these layers. Such schistose borders are as much as 1 inch 

thick, but most are less than one-half inch thick. The chloritic 

borders are black to dark green, in striking color contrast to the 

granitic and tremolitic rocks that they separate. Chlorite-bordered 

graphic granite dikes locally contain elongate blades of chlorite, as 

much as 3 inches in length, that extend into the dikes from the dike 

walls. Some dikes in tremolitic rock do not have schistose borders, 

but in these the bordering tremolite is ordinarily altered to deep green 

actinolite (?). Many of the dikes in tremolitic rock contain inclusions 

of tremolite or actinolite (?). 

Microcline-quartz dikes in diopsidic hornf els conunonly have 

clusters of actinolite (?) blades along their margins (pl. 9). These 

blades, mostly much coarser than the grains of the hornfels, are as 

much as one-half inch in length. The actinolite has formed at the ex­

pense of diopside, but also contains poikilitic inclusions of diopside, 

feldspar and quartz as remnants of the hornf els assemblage. 
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Dacite porphyry 

A dacite porphyry, the youngest of the dike rocks, is apparently 

unrelated to the granitic sequence described above. It occurs in 

elongate bodies, from a few inches to about 10 feet in width, that 

transect both the metasedimentary and granitic masses. At one place 

near the center of the mapped area, discontinuous bodies of dacite 

porphyry have been emplaced along a northwest-trending fault. The 

fault has displaced both metasedimentary and granitic rocks a horizon­

tal distance of about 15 feet. To the east other dacite porphyry 

bodies have been explaced along fractures parallel with the fault. 

The dacite porphyry is a medium-gray rock, with chalky plagioclase 

phenocrysts and a very fine-grained groundmass. A thin section of a 

typical specimen of the rock shows a groundmass composed of approxi­

mately 45 percent calcic andesine, 15 percent quartz, 25 percent bio­

tite, 10 percent hornblende, and 5 percent opaque grains. Plagioclase 

phenocrysts form about 10 percent of the section. These appear to be 

labradorite, but are highly sericitized and difficult to identify. The 

andesine and quartz of the groundmass are mostly in grains that range 

from 0.1 to 0.3 mm. in length; the biotite and hornblende grains are 

generally 2 to 3 times longer. Most of the plagioclase phenocrysts 

are 1 to 2 mm. in diameter. The grains of the goundmass are dimension­

ally aligned, causing a pronounced schistosity. 
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Enplacement of the large granitic masses 

Although critical study of the significance of and mode of emplace­

ment of the granitic rocks of the Silver Lake region requires many more 

data than could be obtained in the relatively small area of the accom­

panying map (pl. 1), the mapping did record distributional and structur­

al features that may prove significant in future regional studies, and 

that may well bear on the origin of the talc-tremolite bodies. 

These features indicate emplacement of the large granitic masses 

without appreciable disturbance of the metasedimentary section. Con­

tacts between metasedimentary units remain nearly equidistant through­

out the talc-bearing area, regardless of the amount of granitic 

material that now exists from place to place in the area. For example, 

at a locality in the Gould area, a 200-f oot thickness of layered rock 

separates the base of the lowest talc body from the base of. the quartz­

muscovite schist. Of this thickness, about 150 feet is rock of the 

quartz-biotite schist and hornf els members and 50 feet is granitic rock, 

At a locality west of the Eastern Addenda shaft, the same stratigraphic 

horizons are separated by a 210-foot thickness of which only 40 feet 

is quartz-biotite schist and hornfels; the remainder is granitic rock. 

The tonalite and microcline-quartz-mi.ca gneiss contain numerous 

metasedimentary inclusions which are characteristically elongate and 

range in long dimension from a few inches to several hundred feet. 

Within the granitic masses, inclusions of each metasedimentary rock 

type are distributed in the same order in which they occur in the 

metasedimentary section. Each type is confined to a band of granitic 
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rock comparable in thickness to the corresponding metasedimentary mem­

ber. The inclusions are approximately parallel with each other and 

with the planar structures of the more complete occurrences of the meta­

sedimentary section. The inclusions, therefore; appear as aligned rem­

nants of the section, and the surrounding tonalite and microcline­

quartz-mica gneiss seem to occupy space in which sedimentary rocks once 

existed. The silexite is generally free of such well defined inclusions 

but its wispy, schistose inclusions and lateral gradation into lime­

stone lenses and large masses of schist, all apparently undisturbed 

parts of the metasedimentary section, suggest passive emplacement. 

Throughout the area, the surf ace traces of contacts between meta­

sedimentary units are ordinarily straight or gently curved, whereas 

contacts between metasediments and granitic rocks are very irregular. 

The metasediments have not been visibly deformed at the granitic con­

tacts. Indeed, the planar structures in the granitic rocks and the 

layering and schistosity in the metasediments are everywhere essential­

ly parallel. 

The distributional features of the granitic rocks could be attri­

buted to (1) stoping or assimilation in the presence of a magma, (2) to 

replacement of the metasediments by any of the processes to which 

granitization is ascribed, or (3) to a combination of fluid invasion 

and replacement. If the granitic rocks have formed largely by replace­

ment, the process has involved the transformation of widely different 

metasedimentary rock types into apparently homogeneous granitic bodies, 

or into granitic bodies whose textural and mineralogic variations seem 

unrelated1o preexisting metasedimentary features. In the Addenda area, 
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for example, the quartz-muscovite schist, forsterite marble, and 

quartzite members are in juxtaposition to tonalite which, upon m.ega­

scopic examination, is apparently of uniform composition and texture. 

Furthermore, the transformation of metasedimentary rocks to mica 

gneiss would have had to proceed largely along nearly knife-edge con­

tacts. Homogeneity in granitic bodies and the sharpness of their con­

tacts, have commonly been cited as evidence for a magmatic origin. 

The well-defined, dike-like bodies of tonalite that cut the larger 

lamprophyre bodies show no evidence of a replacement origin. Instead 

their uniform thickness, generally straight traces, and very large 

length-to-width ratios, strongly suggest that the bodies have been in­

jected along fractures. The numerous aplite and pegmatite dikelets and 

dikes appear to have originated similarly. 

On the other hand, gradational contacts between metasedimentary 

and granitic rocks do eY.ist. Examples of these are the migmatite 

zones, and the gradation of silexite into schist and limestone. 

Furthermore, because it is well-known that sharply defined fronts com­

monly separate replacement bodies from unreplaced rocks, the sharp­

contact criterion, as evidence against replacement should be used with 

caution. Moreover the planar structures of the granitic rocks, in 

general, are not attributable to flowage, because they parallel planar 

structures in the metasediments, regardless of marked irregularities in 

the contacts between the two rocks. If the granitic rocks crystallized 

from a magma, post-emplacement stress must have produced their planar 

structure. If of replacement origin their structures may be relict 

from the metasedimentary rocks or may have been caused by stress during 
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or after the initial crystallization of the granite-forming minerals. 

The metasedimentary 11 islands11 , arranged in orderly belts in normal 

stratigraphic sequence and in dimensional and textural alignment, do 

not have the appearance of xenoliths. Their textural alignment may 

well be an effect of post-emplacement stress; but, in view of the 

lack of large-scale deformation in the larger metasedimentary masses, 

such stress could hardly have drawn all of the inclusions, regardless 

of size to their present dimensional alignment. If the granitic rock 

was once mostly a magma, stoping into a roof pendent, of which each 

11island11 was a part, may have caused their present disposition and 

alignment; but many of the smaller "islands" appear to have been pod­

shaped. 

With the evidence thus in apparent conflict, and with the lack 

of proved criteria, the origin of the granitic rocks must remain 

speculative. Probably both processes, crystallization from a granitic 

magma and replacement, were effective. But replacement evidence, 

particularly as shown by the disposition of the metasedimentary "islands", 

seems most abundant to the writer. Extensive replacement would have 

involved principally the introduction of potash and soda and the 

removal of most of the metasedimentary CaO and MgO. The average 

chemical composition of the five metasedimentary members probably 

originally lay between 5 and 10 percent MgO, compared with an MgO con­

tent for the average granitic rock of less than 2 percent. 
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TALC BODIES 

GENERAL COMPOSITION AND DISTRIBUTION 

The rocks mined as commercial talc in the Silver Lake area are 

composed principally of magnesian silicate minerals. Listed in order 

of decreasing abundance, these are tremolite, talc, forsterite, ser­

pentine, and chlorite (?). Tremolite forms an estimated three-fourths 

of the volume of the bodies, and talc is markedly in excess of the others. 

Calcite is ordinarily present, but in amounts of only 2 to 3 percent. 

All of the material currently mined in the area is obtained from 

bodies within the hornfels member. One relatively small body, which is 

not being worked, occurs a few hundred feet south of the Number Two and 

One-half workings. This body, however, is also enclosed in green 

diopsidic hor.nf'els, apparently a lense separate from the member. Where 

the hor.nf'els member exists in its full 150-foot thickness, the talc 

bodies lie very close to the center. 

SIZE AND SHAPE 

Although largely confined to a narrow, persistent zone, the talc 

bodies themselves are much less continuous. The mineable bodies range 

from a few tens of feet to about 800 feet long and from 5 to 15 feet 

wide. The larger bodies ordinarily occur in parallel pairs (pl. lla, 

fig. 4) separated by from 10 to 20 feet of diopsidic rock. 

Individual bodies terminate in several ways. Many of them narrow 

gradually, lensing into diopsidic rock. Others are brought against 

diopsidic rock by cross-faults. Several of the bodies in the Addenda 
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workings end abruptly against irregular masses of pegmatite. The 

principal cause of discontinuity, however, has been the emplacement 

of the larger masses of granitic rocks. One or more of the talc 

bodies at each of the five workings terminate against rock of the 

tonalite unit. Microcline silexite transgresses the surface exposures 

of one body at the eastern end of the Gould workings, and also trans­

gresses the downward extension of much or all of the Gould talc zone 

at a depth of about 300 feet. 

Very pronounced planar structures, in the massive tremolitic 

rocks as well as the talc schists, parallel the planar structures of 

the nearby granites and metasedimentary rocks. In the massive tremo­

litic rocks these structures are caused mostly by variations in grain 

size, by the concentration of forsterite, calcite, or talc along even 

layers, and by parallelism of serpentine veinlets. 

White tremolitic rock, the most abundant variety in most of the 

talc bodies, ordinarily occupies from three-fourths to their entire 

thickness (fig. 5). Layers of talc schist, from a few inches to as 

much as five feet thick, occur along the foot-walls of most bodies, 

less abundantly along the hanging walls and within the bodies. The 

talc schist appears to have formed along shear zones and at the ex­

pense of the various types of massive tremolite rock. Tremolite­

forsterite-serpentine rock, pre-dating the white tremolitic rock, oc­

curs as residual masses within it and locally forms the entire width 

of a talc body. Green tremolitic rock, the least abundant of the four, 

was noted locally in several-foot layers near hanging walls. 
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ROCK TYPES .AND INTERNAL STRUCTURE OF BODIES 

General statement 

The commercial talc bodies are composed of several metamorphic 

rock types characterized by contrasting textures and distinctive mag-

nesian silicate mineral assemblages. All of the types have been 

marketed as cera.1lic raw material. They are broadly divisible into 

(1) schistose rocks composed mostly of the mineral talc and (2) massive 

rocks predominantly of tremolite. The highly tremolitic rocks are 

further subdivisible into three varieties: . (1) a snowy white rock with 

subordinate amounts of the mineral talc, (2) a pale bluish green, 

virtually monomineralic tremolite rock, and (3) a pale yellowish green 

to pale brownish gray rock rich in disseminated f orsterite and numerous 

serpentine veinlets. The white variety is by far the most abundant, 

but the other two were noted in relatively large amounts at several 

places. All gradations exist between the white rock and talc schist 

containing virtually no tremolite. 

White tremolite rock - --
The snowy white variety of massive tremolitic rock is typically 

composed of more than three-fourths tremolite, less than one-fourth 

talc and a few percent carbonate. It is a medium- to coarse-grained 

rock, and breaks into tough, irregular blocks. Although a decussate 

texture is most common (fig. 7), layers of contrasting grain size, 

from one-eighth to one-half inch thick, produce a laminated appearance. 

Many of the layers consist of trernolite blades lying normal to the 
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planar structure. Less common are layers of tremolite blades dimen-

sionally oriented parallel with the planar structure. Concentrations 

of micaceous talc within the rock form other schistose layers as small-

scale counterparts of the larger bodies of talc schist along the walls 

of the bodies. 

Most of the tremolite blades are between 2 mm. and 2 cm. long. 

The talc occurs in two principal habits; one equant, the other mica-

ceous. The observed equant grains, as much as 3 mm. in diameter, are 

disseminated through the tremolite, and represent replacements of it. 

They commonly contain aligned tremolite residua, but pseudomorphs of 

talc after tremolite are rare. The micaceous talc forms the schistose 

layers. In the thinnest layers, aligned talc shreds cross the decus-

sate tremolite needles in a markedly contrasting texture. Tremolite 

residua that lie askew the schistosity are common. 

The carbonate, which forms 2 to 3 percent of the white tremolite 

rock, occurs in seams and in grains interstitial to the tremolite 

needles. It occurs in distinct but cloudy grains and appears to have 

formed contemporaneously with or later than the tremolite. Phlogopite 

is locally a minor constituent. 

Green tremolite rock 

The pale bluish green tremolite rock, much finer grained than the 

snowy white variety, is composed of needles , mostly less than 1 mm. 

long. The specimens observed in thin section contain only tremolite, 

the decussate texture of which imparts and unusual toughness and com-

pactness to the rock. This rock ordinarily occurs in layers, less 
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than 3 feet in width, parallel to the other planar features of the talc 

bodies. Such layers were particularly well developed near the hanging 

wall of the Number Two and One-half deposit, now largely worked out. 

Where the white and green varieties are in contact, the white tremolite 

veinlets commonly extend into the green rock; in other places the two 

types grade into each other. 

Tremolite-forsterite-serpentine rock 

The massive rock composed mostly of tremolite, forsterite and ser­

pentine and pre-dating the white tremolitic rock, is relatively abund­

ant in the Gould and Eastern Addenda deposits. In the Gould workings 

it ordinarily occurs as irregular masses, several feet in long dimen­

sion, enclosed by white trernolite; but locally in these deposits and ex­

tensively in Eastern Addenda deposits, this rock occupies most or all 

of the entire width of an individual talc body. 

The tremolite-f orsterite-serpentine rock, colored pale yellowish 

green to light brownish gray, is composed principally of tremolite. 

Forsterite and serpentine, in various proportions, form as much as one­

third of the rock (fig. 6). It ordinarily also contains an appreciable 

proportion of talc and two to five percent of carbonate material. 

As in the white tremolite rock, decussate tremolite needles, 

mostly from 2 mm. to 2 cm. long, give the rock an unusual toughness. 

In hand specimen this tremolite is generally darker colored than the 

tremolite of the white rock. 

Disseminated grains of forsterite or talcose ghosts of forsterite, 

in planar concentrations, cause a distinct layering. Most of the 
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Figure 6. Tremolite-forsterite-serpentine rock showing 
progressive replacement of forsterite by tremolite. Tremolite 
partly replaced by talc (upper left) and by carbonate (lower 
right). Chrysotile veinlets cut all other minerals. 
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Figure 7. hhite tremolite rock containing talcose material 
(center; probably ghost of a forsterite grain) and carbonate. 

77. 
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forsterite is in relatively large, equant grains as much as 5 mm. in 

diameter. Some of the grains are markedly elongate. 

Thin section studies show all stages of a f orsterite to tremolite 

alteration ranging from the marginal corrosion of forsterite by tremo­

lite blades to the existence of aligned forsterite residua in a tremo­

lite mesh. The original outlines of the f orsterite grains are general­

ly detectable, and indicate that the mineral formed between one-eighth 

and one-fourth of the volume of the pre-trem.olite rock. 

Chrysotile forms alteration rims about forsterite grains, pseudo­

morphs after tremolite, and networks of megascopic and microscopic 

veinlets extending across forsterite, tremolite, talc and carbonate 

grains and grain aggregates indiscriminantly. The veinlets are apple 

green in hand specimen. They rarely exceed one-fourth inch in width; 

most of them parallel the other planar features of the nearby rock 

units. Many, however, form seemingly random, criss-cross patterns. 

The chrysotile and forsterite, ubiquitous in this earlier metamorphic 

rock, do not exist in the other rock types of the talc bodies. Chryso­

tile veinlets extend to, but not beyond, contacts with white tremolitic 

rock. 

The mineral talc occurs in the serpentine- and f orsterite-bearing 

tremolite rock in several habits, but not in the schistose layers so 

common elsewhere in the deposits. The forsterite has conunonly altered 

to a dark-brown, felty, and very fine-grained talcose material. All 

stages in this alteration are shown. The completely talcose ghosts 

of forsterite appear to be most abundant near contacts with the white 

tremolite rock and a few were noted in the white tremolite rock itself. 
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Talc also occurs in colorless, fine-grained aggregates that have 

formed at the expense of tremolite, and, less abundantly, as a re­

placement of the chrysotile. 

The carbonate material is ordinarily very fine-grained and occurs 

in veinlets and irregular aggregates. An intimate association of car­

bonate veinlets with chrysotile veinlets, comm.only with mutually 

cross-cutting relations, probably indicates contemporaneity. The car­

bonate aggregates, largely, if not wholly, formed at the expense of 

tremolite, and are closely associated with chrysotile that has also re­

placed tremolite. 

That the occurrences of tremolite-f orsterite-serpentine rock are 

older than the white tremolite rock with which they are associated is 

shown in several ways. In many places the tremolite-forsterite-ser­

pentine rock is cut by phlogopite-filled fractures along which white 

trem.olite needles have grown normal to the fracture walls. Granitic 

dikes and dikelets that cross this rock are also bordered by zones of 

white tremolite. Such zones range from a fraction of an inch to 

several feet in width, and are commensurate in size with the granitic 

bodies they border. The tremolite-forsterite-serpentine rock that oc­

cupies most of the thickness of one of the Eastern Addenda bodies is 

bordered on both the hanging and foot-walls by one- to three-foot zones 

of white tremolite rock that appear to have formed along shearing 

planes locallized by the contacts of the deposit with hornf els. 

Talc schist 

Talc schist, so common in relatively thick layers along the 
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foot-walls of the talc-tremolite bodies, occurring less abundantly 

along the hanging walls and within the bodies, was the material most 

sought in the early mining operations. Some is reported to have been 

marketed as cosmetic talc. Now the schist is mined with massive tremo­

lite rocks and mixed with them. 

The talc schist is a snowy white, micaceous, and very friable 

rock. Although consisting mostly of talc, it contains variable pro­

portions of tremolite and chlorite (?) and a percent or two of car­

bonate (predominantly calcite). The talc grains, micaceous in habit, 

are commonly a centimeter or more in diameter. In close dimensional 

alignment, and characteristically curved, they produce an undulating 

schistosity and give the rock a lustrous, pearly sheen. Tremolite 

blades, locally abundant, are less evenly aligned than the talc and are 

corroded and cross-cut by talc shreds. A mineral with a very low bi­

refringence, tentatively identified as a colorless chlorite, is 

intimately associated with the talc. Pseudomorphism may be indicated 

by similarity in habit, but replacement textures were not observed. 

IET.i\MORPHISM 

Nature of the parent rock 

A sedimentary parent rock for the "talc11 bodies is indicated by 

their occurrence in the metasedimentary section as well-defined layers 

and elongate lenses, paralleling each other and composed of mineral 

assemblages characteristic of metamorphosed carbonate rocks. That the 

bodies were strata that contrasted in composition with bordering strata 

from which the hornf elsic rocks altered, is strongly suggested by 
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(1) the persistence of the 11talc 11 bodies, ordinarily in pairs, in the 

same stratigraphic position for the entire 2-mile length of the talc­

bearing zone, (2) relati~ely uniform thicknesses, (3) a marked con­

trast, in mineralogy and bulk chemical composition, between the bodies 

and the bordering hornfelses, and (4.) a close resemblance in plan with 

other layers in the section that are unquestionably sedimentary strata 

(i.e. marble layers in one quartz~scovite-schist member). 

The abundance of f orsterite and lack of disseminated quartz in the 

talc bodies, together with the diopside-quartz association in the horn­

fels, probably indicates that the original rocks were respectively sub­

silicic and silica-rich. It will be remembered that in the other 

metamorphic rocks of the area, the forsteritic units are also quartz­

free, whereas the quartz-rich calcareous rocks are forsterite-free and 

generally diopside-bearing. The forsterite-quartz association, common­

ly cited as an example of disequilibrium in other metamorphic terranes, 

apparently does not exist in the Silver Lake mine rocks. 

The sparsity of alumina, soda, and potash in the talc bodies 

probably is also a feature inherited from the original strata. Although 

much of the potash and soda in the hornf elsic rocks may well have been 

introduced, these rocks apparently contained silica and alumina by 

which the alkalies could have been fixed. 

The phlogopite within or bordering the talc bodies may have been 

derived partly or wholly, from original material, the crystallization 

of feldspar prevented by a high proportion of magnesium. The phlogopite­

rich border zones may be effects of metamorphic differentiation involv­

ing an outward movement of original material. But even if the potash 
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and alumina in such zones were distributed through the talc bodies as­

sociated with them, the bodies would still be much poorer in these ma­

terials than comparable thicknesses of bordering hornf els. Moreover 

the phlogopite borders along granitic dikes, and phlogopite-filled 

fractures strongly suggest that alu.rnina and potash have been introduc­

ed into the talc bodies late in their metamorphic history. The talc 

bodies, therefore, originally may well have been magnesian carbonate 

rock, low in silica and nearly free of other impurities. 

Physical and chemical environments 

The paragenesis of the Silver Lake talc bodies is divisible into 

five stages, each reflecting a change in physical or chemical environ­

ment (fig. 8). In brief, these stages appear to have been as follows. 

First, dolomite, low in silica, was heated under stress to temperatures 

in the 600 to 800 degrees C. range, with little or no accompanying 

metasomatism, yielding a forsterite-bearing carbonate rock. Second, 

extensive silica and magnesia metasomatism, under non-stress conditions 

and somewhat lower temperatures, yielded the first generation of 

tremolite, mostly at the expense of carbonate, partly at the expense 

of forsterite. Third, the temperature decreased to less than 500 de­

grees C., producing a partial serpentinization of forsterite and 

tremolite and a partial carbonatization of tremolite, with little 

change in bulk chemical composition. Fourth, a rise in temperature 

concurrent with the intrusion of granitic dikes, and accompanied by 

the introduction of several percent each of CaO and Si02, produced 

the second generation of tremolite at the expense of all pre-existing 
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minerals. Preceding their alteration to tremolite many of the forster­

ite residua were altered to a talcose material. Fifth, a renewal of 

stress, MgO enrichment and probable lowering of temperature yielded 

abundant talc and subordinate chlorite (?) largely at the expense of 

second generation tremolite. 

That volumes remain essentially unchanged during the second, third, 

and fourth stages, is indicated by the growth of newly-formed minerals 

into the pre-existing rocks with no apparent disturbance in the relict 

textures. The changes in bulk chemistry during these steps, therefore, 

probably were truly metasomatic. 

The silica-magnesia metasomatism of stage two is indicated by (1) 

the contrast in chemical composition between the inf erred low-silica 

dolomite and the commercial talc rocks (table 2) which consistently con­

tain more than 25 percent MgO and more than 60 percent Si02; and (2) the 

post-forsterite age of the first generation of tremolite. .An early 

production of f orsterite at the expense of dolomite and silica, ac­

cording to the equation 

2CaMg(C03)2 + Si02 ~ Mg2Si04 +- 2CaC03 +- 2C02 

dolomite quartz f orsterite calcite 

would have brought a slight decrease in volume and enrichment in MgO. 

But such enrichment could not have produced the MgO fraction of the com­

mercial talc rocks. The MgO content of an ideally pure dolomite, it 

will be recalled, is 19.1 percent. Similarly Si02, which probably com­

posed no more than one-eighth of the original rock, apparently increas­

ed more than 5-f old in the development of the first generation of tremo­

lite. The formation of tremolite at the expense of calcite-rich 
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carbonate material, would also involve removal of Cao and co2• The 

metasomatism thus related to stage two seems to have produced the most 

pronounced chemical changes in the metamorphic development of the talc 

bodies. Why tremolitization in the Silver Lake area was largely con-

fined to the parent rocks of the talc bodies, whereas other calcareous 

metasediments contain little or no tremolite, is not clear. Perhaps 

most significant was the degree of access to tremolitizing solutions 

as determined by the physical nature of the various rocks. 

The 600 to $00 degree temperature range postulated above for the 

formation of diopside in the hornf els may be also claimed for the 

forsterite, as the two appear to have been coexistant. That the tremo-

lite formed at somewhat lower temperatures is indicated by the ina-

bility of tremolite to exist in equilibrium with calcite in a dolomitic 

rock above the fourth of Bowen 1 s29/ thirteen steps. Points on Bowen's 

Bfl./ Bowen, N. L., op. cit., p. 245. 

schematic P-T curve for this step include 550 degrees C. at 500 atmo-

spheres pressure and 630 degrees C. at 2000 atmospheres. It will also 

be remembered that tremolite precedes both forsterite and diopside when 

listed in their theoretical order of production with rising temperature. 

A further decline in temperature is probably also shown in the ap-

pearance in stage three of chrysotile, a mineral which, as noted above, 

cannot form at temperatures above 500 degrees C. at any pressure. The 

addition of co2, probably at the expense of Si02, was needed in the 

carbonatization of tremolite. otherwise the changes in bulk chemistry 

were insignificant during this stage. 
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The disappearance of chrysotile and reappearance of tremolite in 

the fourth stage apparently record a rise in temperature above 500 de­

grees C. This is further indicated by alteration of forsterite to 

talc near contacts with white tremolite rock. Bowen and Tuttle30/ have 

30/ Bowen, N. L., and Tuttle, O. F., op. cit., p. 452. 

shown that, whereas the serpentinization of forsterite can proceed only 

at temperatures below 500 degrees c., these workers state that above 

this temperature 11 a medium which could add silica or subtract 
magnesia could change f orsterite only to talc or to 
talc and enstatite if the supply of water were 
deficient. Talc could form from forsterite at low 
temperatures also but only with intermediate forma­
tion of serpentine. 11 

The white tremolite zones that border granitic dikes may well be pri-

marily an effect of heating and suggests that the temperature of the 

granitic material was well in excess of 500 degrees C. 

A replacement by nearly monomineralic tremolite rock of a tremo-

lite-f orsterite-serpentine-calcite rock would require principally the 

subtraction of C02 and addition of Si02 , both in small proportion. 

The fifth and final stage in the metamorphism, as shown in the 

alteration of the white tremolite to talc, indicates a removal of CaO 
, 

and an enrichment in MgO. In the formation of the equant talc grains, 

causing little or no change in voluine, an actual addition of MgO is 

probably indicated. 1i•hether the development of the large talc schist 

layers caused significant volume changes is not known, but the enrich-

ment in MgO may have been largely or wholly an effect of a shearing out 
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of CaO. In thin section, however, the smaller schist layers appear to 

have evolved with only a slight disturbance of tremolite. It is prob-

able, therefore, that the development of at least some of the schist-

forming talc required additive lf.g(). At this late stage most of the co2 

evolved in the earlier stages had probably escaped. This may partly 

account for the sparsity of carbonate material associated with the tremo-

lite to talc alteration, whereas the earlier tremolite to ch!"Jsotile 

alteration was accompanied by formation of several percent of calcite. 

Source of the additive materials 

Either by strong inference or by direct evidence the stages in the 

metamorphism of the talc bodies can be correlated in time with stages 

in the emplacement of the lamprophyric and granitic rocks. The lampro-

phyre probably was emplaced during the first metamorphic stage previous 

to the hydrothermal conditions characteristic of the later stages. The 

lamprophyre, distinctly more mafic than the granitic rocks, suggests a 

hotter, dryer environment. The lamprophyre bodies, it will be remem-

bered, show no contact effects, whereas zones of hydrous minerals com-

monly border the granitic dike rocks. 

The tremolitization, marking the pronounced chemical changes of 

the second stage, appears to have been contemporaneous with the emplace-

ment of the large granitic masses, partly at the expense of magnesium-

rich metasedimentary rocks. The hydrothermal activity, shown in the 

silica-magnesia metasomatism of the talc bodies as well as in the 

alkali metasomatism indicated for other metasedimentary units, is com-

patible with the aqueous environment characteristic of granitic rocks. 
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1 2 3 4 5 

Si02 51.17 57.40 58.90 59.25 58.12 

Al.£.>3 0.64 1.29 0.57 0.53 0.60 

Fez:>3 
0.36 0.86 0.30 0.30 0.28 

FeO 

MgO 29.80 23.91 25.14 25.80 28.65 

CaO 11.25 13.55 12.66 11.82 8.11 

Na20 0.20 0.33 0.26 0.13 0.27 

K20 0.10 0.11 0.11 0.06 0.11 

H20+ 3.79 2.12 1.60 2.24 2.89 

H20- 0.67 0.08 0.11 0.13 0.09 

co2 2.37 None None 0.02 0.06 

MnO 0.03 Tr. Tr. None Tr. 

Total 100.38 99.65 99.65 100.2$ 99.18 

1. Forsterite-tremolite-serpentine-calcite rock from Gould workings. 

2. Green tremolitic rock from No. Two and One-half workings. 

3. White tremolitic rock from Gould workings. 

4. ~bite talc-tremolite rock from Gould workings. 

5. Green talc-tremolite rock from No. Two and One-half workings. 

6. Talc-tremolite schist from Gould workings. 

7. Commercial talc blend. 

S. Diopside-feldspar hornfels wall rock from No. Two and One-half workings. 

Table 2. Analyses of representative samples of Silver Lake 
commercial talcs and wall rock; Alberta J. McArthur, Sierra Talc 
and Clay Company, analyist. 

6 7 8 

59.05 56.29 56.70 

0.78 1.07 9.16 

0.42 0.43 2.04 

28.67 28.31 8.55 

5.81 9.26 14.49 

0.41 1.26 
1.06 

0.18 5.50 

3. 71 0.90 

0.19 4.02 0.31 

0.42 2.30 

Tr. 0.03 

99.64 104.44 101. 74 
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i1loreover the extent of the metasomatism requires a comparably large­

scale source. 

The third stage, which yielded chrysotile, apparently rnarks a 

period separating the end stages of the emplacement of large gro..nitic 

bodies and the intrusion of the granitic dikes, and accompanied by 

lower temperatures and decreased hydrothermal activity. The fourth 

stage is clearly fixed in time by the white tremolitic rock that 

borders granitic dikes. The fifth or talc-forming stage post-dates 

the granitic dikes. 

The additive material may have been derived from a granitic magma 

or it may be transferred metasedimentary material. ~inether or not the 

large granitic masses are partly replacement bodies or solidified from 

a magma, the primary source of the H2o and Si02 was probably mostly 

magmatic. Silicification and hydration characterize granitization and 

are common effects of granite intrusion. That granitic magmas can also 

yield hydrothermal MgO is shown by the common occurrence of magnesian 

silicate skarns along granite-limestone contacts. But such skarns are 

ordinarily f erruginous, whereas the Silver talc bodies are not. Iron­

free 1tlg0-laden solutions, however, may well have formed during 

granitization of the magnesium-rich metasedimentary rocks. If MgO was 

also introduced during talc formation in the fifth stage, the MgO­

bearing solutions must have been residual or were derived from an un­

determined source. 
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DEPOSITS OF ~ SOUTHERN DEATH VALLEY-
---- -- - ---- --- ---

KINGSTON RANGE DISTRICT ---------

INTRODUCTION 

DELINEATION OF THE DISTRICT 

The talc deposits of commercial interest in the Southern Death 

Valley-Kingston Range district are confined to the Crystal Spring for-

mation, the lowest unit of the late pre-Cambrian Pahrump series. Each 

deposit is further restricted to the lower part of a massive carbonate 

member in the middle of the formation and is associated with a diabase 

sill intruded at or near the base of the member. At every locality 

visited by the writer, where this part of the formation is exposed, 

talc mineralization was noted. 

The outline of the talc-bearing district (fig. 9), therefore, en-

closes virtually all of the known exposures of the Crystal Spring for-

mation. The talc-bearing district, a northwest-trending belt athwart 

the San Bernardino-Inyo county line, is about 70 miles long and 

averages 15 miles wide. It contains a part of the southeastern Pana-

mint Range, the southern part of the Arnargosa Range, the Ibex Hills, 

the Alexander Hills, a narrow east-trending belt in the central part of 

the Kingston Range, the western part of the Silurian Hills, and the 

northern tip of the Owlshead Mountains. The western one-third of the 

district is largely with in the limits of Death Valley National 

Momunent. 
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Figure 9. Map of southern Death Valley-Inyo Range region showing locations of 
principal talc mines; (1) 1iiontgomery, (2) Warm Spring, (3) Death Valley, (h) Ibex and 
lilonarch, (5) Pongo, (6) Superior, (7) 11estern, ($) Tecopa, and (9) Excelsior. Stippled 
area contains all known exposures of Crystal Spring formation. 
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PHYSICAL FEATURES 

The Southern Death Valley-Kingston Range talc deposits are in an 

area famed for its magnificent desert scenery, but likewise noted as 

one of the most arid and least inhabited regions of North America. 

Within the district, however, are two settlements, Tecopa and Shoshone, 

with a combined population of about 300 people. Both are on the Amar-

gosa River east of the Amargosa Range. 

of the San Bernardino-Inyo County line. 

north of Tecopa. 

Tecopa is about 2 miles north 

Shoshone is about 9 miles 

The talc deposits range in altitude from approximately 300 feet 

near Saratoga Spring at the southern end of Death Valley to nearly 5000 

feet in the Kingston Range. Rainfall in the district ranges from an 

annual average of less than 2 inches on the floor of Death Valley to 

somewhat more than 5 inches in the higher parts of the Amargosa and 

Kingston Ranges. All but the easternmost tip of the province is drain­

ed by the Amargosa River and its tributaries. The Amargosa, whose 

headwaters are near Death Valley JunJ-,ion about 20 airline miles north­

northwest of Shoshone, flows south-southeastward to a point about 10 

miles south of Tecopa. From this point, the river swings westward and 

then northward in a broad arc, and ends in the undrained Death Valley 

basin. The channel carries large quantities of water only during 

periods of heavy rainfall. Ordinarily it has a continuous, though 

feeble, flow in the winter months and is dry during the rest of the 

year. 

Except for local marshy areas along the Arnargosa River, and in 
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the vicinity of widely spaced springs, the vegetation of the region is 

. exceedingly sparse. W~st of the mountain slopes are virtually barren 

of plants or overburden. Much of the pre-Q.uaternar-.f geology, however, 

is hidden beneath depressions containing Pleistocene or Hecent conti­

nental sediments. 

The central part of the province is crossed by State Highway 127, 

which extends north-northwestward from Baker through c::os:1one to 

Death Valley Juntion. Talc mined in the region formerly was shipped 

from various points on the Tonopah and Tidewater Railroad which, in 

general, paralleled the highway. Since 1941, when the rails were re­

moved, talc has been trucked to Dw1n siding, a point on the Union 

Pacific Railroad. Dunn is about ninety miles by road from Shoshone, 

and 155 miles by rail from Los Angeles. 

Roads leading east and west of Highway 127 extend to most of the 

talc-bearing localities. Autos can be driven to within 3 mile of near­

ly every other locality in the district. Most of the mine access ro3.ds 

are graded and fairly well-kept. Others are unimproved and should be 

used only by persons experienced in desert driving, and preferably 

with truck-type or four-wheel-drive vehicles. 

DISTRIBUTION OF TALC DEPOSITS 

As inferred above, the numerous talc-bearing localities in the 

Southern Death Valley-Kingston Range district are nearly as widespread 

as exposures of the Crystal Spring formation itself. In the south­

eastern part of the Panamint Range, deposits have been operated at the 

Warm Spring mine in Viarm S)ring Canyon (pl. 16a), at the Death Valley 
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mine in Galena Canyon, and at the Montgomery mine high on the ridge 

separating the two canyons. Deposits on the Panamint claims, between 

Anvil Spring and Warm Spring Canyons, were scheduled to be opened in 

1951. 

Talc-bearing Crystal Spring rocks also exist in the south central 

part of the Amargosa Range; but these are in relatively small blocks in 

the chaotic terrane described by Noble21/ and Curr~. None of these 

Noble, L. F., Structural features of the Virgin Spring 
area, Death Valley, California: Geol. Soc. America 
Bull., vol. 52, pp. 941-999, 1941. 

Curry, H. D .. , 11Turtleback11 fault surfaces in Death Valley, 
California (abstract); Geol. Soc. American Bull., 
vol. 49, p. 1875, 1938. 

deposits has been seriously worked. Beds of the Crystal Spring forma-

tion are exposed in the southernmost tip of the iunargosa Range, about 

midway between Ibex Spring and Confidence Mill. Here a talc-bearing 

zone is discontinuously exposed for a distance of about 3 miles; but 

this zone , which includes the Brown and Valley deposits, has been only 

prospected. 

Several talc mines and unworked talc deposits are in the north-

trending Ibex Hills that lie east of the southern part of the Amargosa 

Range and extend from the Sheephead Pass area southward to the vicinity 

of Saratoga Spring. In these hills, the Crystal Spring formation is 

almost continuously exposed for a distance of 12 miles. Here too, the 

formation is in comparatively large faulted blocks. The Eclipse mine 

is on the east flank; the undeveloped Y..arkley deposits are near the 

crest of the northern part of the hills. The closely spaced Monarch, 
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Pleasanton, and Ibex mines (pl. 12a) are in the vicinity of Ibex Springs 

and south of the Markley deposits. In the southerni"UOst group of the 

Ibex Hills north of Saratoga Spring, are the Superior, '1~hi te Cap, 

Pongo, and Saratoga mines. 

The Grimshaw prospects are exposed low on the west side of a 

eastward-tilted block of late pre-Cambrian sediments that lie east of 

the southern part of the Ibex Hills. The original Acme mine is in an 

exposure of the Crystal Spring formation in the Rainbow 1~untain area 

about 4 miles south-southeast of Tecopa. 

In the 1Uexand.er Hills, about 9 miles southeast of Tecopa, the 

Crystal Spring formation is exposed in relatively large, moderately 

tilted fault blocks. These contain the Western (fig. 11, pl. 15b), 

Booth mines, and another Acme mine which, to avoid confusion with the 

original Acme mine at Il.ainbow Mountain, will be ref erred to as the 

11 New Acme mine 11 • The Donna Loy mine is in exposures of the formation at 

the southern end of the Nopah Range north of Tecopa Pass. The Crystal 

Spring prospect and the Harry Adams, and Excelsior mines are in a 

narrow belt of the Crystal Spring formation that extends eastwardly 

through the central part of the Kineston Range. The Tecopa (Smith) 

and Rogers nlines are in Crystal Spring sediments exposed on the west 

central flank of the Kingston Range. 

The southernmost of the known exposures of the Crystal Spring 

formation are in the western part of the Silurian Hills. Here talc 

has been obtained from the Annex Number One and Berryhill mines; 

several other properties have been prospected. The Sheep Creek deposit, 

near the mouth of Sheep Creek Ca~yon on the northern slope of the 
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Avawatz Range, is in a sliver of Crystal Spring rock in the Garlock 

fault zone. The only other talc-bearing area within the district, and 

known to the writer, is high on the northernmost tip of the Owlshead 

Mountains. Here a group of undeveloped deposits are contained in a 

steeply north-dipping Crystal Spring section. 

A description of the geological features of each of these talc-

bearing areas cannot be included in the present discussion. As a 

group, they have many features in common, suggesting that the deposits 

have formed under essentially the same geological conditions. 

THE CRYSTAL SPHING FOIUV1ATION 

PREVIOUS INVESTIGATION 

In the mid-eighteen-seventies G. K. Gilbert2.2f, upon observing 

33/ Gilbert, G. K., Report upon the geology of portions 
of Nevada, Utah, California, and Arizona, 
examined in the years 1871 and 1872: in Geog. 
and Geol. Surveys W. lOOth Mer. Rept., vol. 3, 
pp. 34, 170, 1875. 

the geological features of the Saratoga Spring area, was the first to 

describe the marine sedimentary and intrusive diabasic rocks that were 

later to be included in the Pahrump series. Gilbert noted their un-

fossiliferous character, but did not assign an age. In 1902 the same 

exposures were briefly mentioned by M. R. Campbell34/ who presumed the 

34/ Campbell, M. R., Reconnaissance of the borax deposits 
of Death Valley and Mojave Desert: U. S. Geol. 
Survey Bull. 200, p. 14, 1902. 
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rocks to be of Cambrian or pre-Cambrian age. 

These rocks were described in a general manner by Noble35/ in 1934, 

35/ Noble, L. F., Rock formations of Death Valley, California: 
Science, n. s., vol. 80, no. 2069, pp. 173-178, 1934. 

and were briefly mentioned by Hazzard2§/ in 1938. Both Noble and Hazzard 

36/ Hazzard, J. C., Paleozoic section in the Nopah and Resting 
Springs Mountains, Inyo County, California: 
California Jour. Mines and Geology, vol. 33, 
p. 299, 1938. 

assigned to them a late pre-Cambrian age; but the series remained un­

named until 1940, when HewettW proposed the name 11Pahru.mp series". 

37/ Hewett, D. F., New formation names to be used in the 
Kingston Range, Ivanpah quadrangle, California: 
Washington A.cad. 3ci. Journ., vol. 30, no. 6, 
pp. 239-240, 1940. 

Hewett recognized a three-fold division consisting, from bottom to top, 

of the Crystal Spring formation, the Beck Spring dolomite, and the 

Kingston Peak formation. Representative sections of these formations 

subsequently have been described in detail by Hewett~ in an account 

38/ Hewett, D. F., Geology and mineral deposits of the 
Ivanpah quadrangle: U. S. Geol. Survey Prof. 
Paper, in press. 

of the geology of the Ivanpah quadrangle. This quadrangle, however, 

contains only the narrow, east-trending Pahrump belt in the Kingston 

Range. In this belt, Hewett noted the presence of diabase sills and 

talc deposits near the base of the lowermost carbonate beds of the 
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Crystal Spring formation. He attributed the origin of the talc de-

posits to an alteration of carbonate beds by diabase. 

As noted above, however, most of the exposures of the Pahrump 

series are west of the Kingston Range in the general region of the 

Arnargosa Valley, Amargosa Range, and southern Death Valley. In 1940, 

many of the broad stratigraphic and structural features of this region 

were described by Nobla22/ as background for a detailed account of the 

'JJ../ Noble, L. F., Structural features of the Virgin Spring 
area, Death Valley, California: Geol. Soc. 
America Bull., vol. 52, pp. 841-999, 1941. 

geology of the Virgin Spring area in the southern part of the Ama.rgosa 

Range. Noble also noted that the Crystal Spring formation contains talc 

deposits as alterations of dolomite at the contacts of diabase 

intrusions. 

A general review of the broad structural features of the region, 

as conceived by Noble@/, will not be included here. In brief, however, 

!zQ/ Noble, L. F., op. cit. 

Noble has described the Pahrump occurrences in the Alexander Hills, 

the southern Nopah Range, Rainbow Mountain, and the central Amargosa 

Range, as chaos blocks in a gigantic thrust plate that has overridden 

an autochthanous block composed principally of Archean rocks, but also 

containing large masses of the Pahrump series. The Pahrump occurrences 

in the Ibex Hills, the southern Amargosa Range, and the Ow1shead Moun-

tains., Noble believes to be part of the autochthanous rock. 

The northernmost of the known exposures of the Pahrump series, 
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about 15 miles north of Virgin Spring, have been studied by Curry in 

unpublished investigations. 

Exposures of the Pahrump series at the southern end of the Nopah 

Range have been briefly mentioned by Mason41/ in 1949. The Silurian 

~ Mason, J. F., Geology of the Tecopa area, southeastern 
California: Geol. Soc. Am. Bull., vol. 59, 
PP• 333-352, 1949. 

Hills, which contain the southernm.ost of the Pahrump occurrences have 

been studied in detail by Kupf~. 

Kupfur, D. H., Geology of the Silurian Hills, San Bernar­
dino County, California: Unpublished Ph. D. thesis, 
Yale University, 1950. 

CIBNERA.L FEATURES OF THE PRE-CAMBRIAN ROCKS 

Archean rocks 

At numerous localities the Pahrump series lies with depositional 

contact upon a complex of much older and much more highly metamorphosed 

rocks, generally designated as "earlier pre-Cambriantt or 11 Archean11 • 

The complex consists mostly of mica schist, granite gneiss, and mica-

ceous quartzite. Migmatite, small pegmatite dikes, and veins and pods 

of milky quartz are common. These rocks form a large part of the pre-

Tertiary terrane of the southern Death Valley-Kingston Range region. 

Weathering more readily than the overlying later pre-Cambrian and 

Paleozoic rocks, they are most commonly exposed in depressions and 

lower slopes of the mountain ranees. 
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Pahrump series 

Except for the chaos blocks exposed at Rainbow Mountain and in 

the central Amargosa Range, the Pahrump rocks have, in general, escap­

ed intensive deformation, but occur in large, uniformly dipping fault 

blocks in which folds are rare. Sections containing all three f ormo.­

tions in essentially complete sequence, are known to exist only in the 

Kingston Range and in the hills north and east of Saratoga Spring. In 

the Kingston Range the series is as much as 7000 feet thick; near 

Saratoga Spring it is more than 5500 feet thick. Nowhere else were 

relatively complete sections of the Kingston Pea,k formation observed by 

the writer. Elsewhere, a nearly complete thickness of the Beck Spring 

dolomite was noted only in the Alexander Hills. 

At many places, however, sections of from 2 to 4 thousand feet of 

the Crystal Spring formation remain virtually intact. As part of the 

present investigation, detailed sections were measured at the following 

localities: (1) Warm Spring Canyon in the southeastern Panamint Range, 

(2) northern Owlshead Mountains, (3) one-half mile north of Saratoga 

Springs, (4) the Superior mine 2 1/4 miles north of Saratoga Springs, 

(5) an area due west of Ibex Spring, (6) the Monarch mine one mile 

north of Ibex Spring, (7) the Western mine in the .U.exander Hills, (S) 

the Rogers mine on the west face of Kingston Range, (9) the type 

locality of the Crystal Spring formation in the Kingston Range, and 

(10) the western part of the Silurian Hills. 

The sedimentary part of the Crystal Spring formation is composed 

of a lower 500 to 2200 feet of predominantly arenaceous sediments 
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with subordinate amounts of argillite and shale, a middle 500 to 1000 

feet of carbonate beds and massive chert, and an upper 500 to 1000 or 

more feet of alternating shale, quartzite and carbonate beds. The 

section has been thickened as much as 1500 or more feet by the intru­

sion of diabase. Most of the diabase occurs as large sills in the 

middle and upper part of the formation. Where exposed in its entirety 

the formation is generally about 4000 feet thick. 

Hewett has shown that the Beck Spring dolomite in the Kingston 

Range is from 1100 to 1200 feet thick and composed predominantly of 

massive gray dolomite, with sandy and shaly beds in the top 200 feet. 

The Beck Spring dolomite in the Alexander Hills, although unmeasured 

is similar in appearance to the Kingston Range occurrence. In the 

Saratoga Spring section the dolomite is about 1350 feet thick and more 

thinly bedded than the other occurrences. 

The Kingston Peak formation in the Kingston Range, Hewett found 

to be 1000 to 2000 feet thick and to consist perdominantly of shaly 

sandstone with local pebble zones, and a middle third composed of a 

coarse conglomerate with pebbles mainly of quartzite and dolomite. 

Near Saratoga Spring the exposed part of this formation consists of a 

lower 400 feet of shaly sandstone and a higher 1500 feet of coarse 

conglomerate. Here its uppermost strata are hidden beneath alluvium. 
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STRATIGRi\.PHIC UNITS OF THE CRYSTAL SPRING FOR.M;.TION 

General statement 

Sections of the Crystal Spring formation that apparently are com­

plete, or almost so, occur in the Panarnint Range, at Saratoga Spring, 

and in the Alexander Hills and Crystal Spring areas. The thickest of 

these sections is at the Warm Spring locality in the Panamint Range 

where about 4200 feet of sediments are exposed. Here the uppermost of 

the exposed Crystal Spring strata are overlapped by Tertiary volcanic 

rocks, and the original section may well have been considerably thick­

er. The Crystal Spring formation sections measured in the Alexander 

Hills and at Crystal Spring are respectively 3500 and 3900 feet thick, 

but several hundred feet of the lower part of each of these sections 

may be faulted cut. The Saratoga Spring section, of which both top and 

bottom are exposed, and which is intact or nearly so, is only about 2100 

feet thick. The sections studied in the northern Owlshead :tv.Lountains, 

the Ibex Spring area, and the western Kingston Range, contain only the 

lower one-half to two-thirds of the formation. 

In most of the occurrences of the Crystal Spring formation, the 

arenaceous and argillaceous sediments that comprise its lower part are 

divisible into three units. These will be referred to as 11 the feld­

spathic quartzite member", the 11purple shale member", and the "fine­

grained quartzite member". The carbonate beds in the middle of the 

formation have a diverse lithology, but are not divisible into units 

that persist on a region-wide scale. The carbonate heds are, there­

fore, collectively designated as the "carbonate membertt. A 11massive 
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chert member11 ordinarily overlies the carbonate beds. The sediments 

that comprise the upper part of the formation, likewise cannot be 

divided into persistent members, but as a group they will be designat­

ed as the 11 upper sedimentary units11 • 

Feldspathic quartzite member 

The most persistent of the Crystal Spring members is the basal 

quartzite which, in the sections studied, ranges in thickness from 

about 200 feet in the Silurian Hills to more than 1200 feet in the Owls­

head Mountains. It is ordinarily medium to light gray, but in the 

upper part of the member much of the rock has a light tint of blue or 

green. 

The member has a distinctive, but discontinuous, basal conglomer­

ate (pl. 13b) with a maximum observed thickness of 25 feet and with 

well-rounded pebbles, cobbles, and boulders as much as 1 1/2 feet in 

diameter. Much of the conglomerate is composed of the more resistant 

rocks of the underlying earlier pre-Cambrian complex; but its most 

abundant and widespread rock type is a dense, vitreous quartzite, not 

noted in the underlying rocks. 

The quartzite above the basal conglomerate is characteristically 

sub-vitreous and feldspathic. The feldspar, which is commonly present 

in fractions of one-quarter to one-third, is predominantly microcline. 

In general, the quartzite grades upward from massive, dark weathering, 

coarse-grained rock, containing thin conglomerate layers, into more 

thinly bedded, light-weathering, medium- to fine-grained rock. Some 

beds high in the member consist of relatively friable sandstone. 
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Water type cross-laminations are characteristic of the member's entire 

thickness and ripple marks (pl. 13a) are comm.on in its upper part. 

Purple shaly member 

A member characterized by a purple to blue color, and composed of 

shale, argillite and fine-grained quartzite, overlies the basal 

quartzite member at all of the sections studied by the writer. Its 

measured thickness ranges from a minimum of 30 feet in the western 

Kingston Range to a maximum of about 700 feet in the Owlshead Moun­

tains. In the Owlshead Mountains, Pana.mint P..ange, anct Silurian Hills, 

the member is composed mostly of fine-grained quartzite. In the other 

sections, it is chief1y shale. 

The shale, and quartzite are ordinarily colored various shades of 

purple; but some of the shale is blue. Distinctive light green to 

light blue blotches (pl. 14a) characterize at least part of the member 

at all of its observed occurrences. Many of the blotches are 

spheroidal; others are irregular and are commonly elongate parallel 

with bedding planes. Thin sections show that the blotches are centers 

about which ferric oxide has been reduced and, in part, removed. 

The purple shaly member grades downward into the basal c1uartzite 

member. 'rhe contact between the two on the accompanying maps and 

sections is b<SLsed on a color distinction. Mud cracks are a character­

istic feature of the shaly layers. 
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Fine-grained quartzite member 

In all except the Silurian Hills section, the purple shaly member 

is overlain by a dense, fine-grained quartzite, characteristically 

green, but locally ranging from gray to light brown and dark red. This 

member ordinarily has a thickness of from 50 to 100 feet, but is more 

than 200 feet thick in the Superior mine area. Lenticular carbonate 

layers from a few inches to several feet thick, though subordinate, 

are common and increase in abundance upward. These are generally the 

lowest of the carbonate sediments in the Pahrump series. In a few 

localities the member also contains subordinate amounts of shale and 

argillite. 

:Most of this quartzite is massive, but some is thinly and evenly 

layered. The member does not show the abundant mud cracks, blotches, 

ripple marks, and cross-bedding found lower in the section. 

Carbonate member 

In the sedimentary sequence of the Crystal Spring formation, the 

lower arenaceous and argillaceous units, comprising the lower third of 

the formation, are everywhere overlain by a several hundred foot thick­

ness of carbonate sediments. A diabase sill, however, ordinarily 

separates the carbonate and non-carbonate rocks. 

As mentioned above, the carbonate sediments are characterized by 

marked lithologic variations, but cannot be subdivided into strati­

graphic units with a region-wide persistence. In the Kingston Range 

and Alexander Hills, for eY..ample, abundant chert layers (pl. 14a) 
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exist in the lower half of the member; e.x;posures of the member, in the 

Silurian Hills, contain several prominent quartzite beds, each from 15 

to 20 feet thick. Yet the carbonate member in the Ibex Spring and 

Saratoga Spring areas contains very little non-carbonate material. 

The character of the cargonate material in the member likewise 

differs from place to place in the province. The lower half of the 

member in the western Kingston Range and Alexander Hills is dark-gray 

and dolomitic, as well as siliceous, and grades upward into light-brown 

and light gray limestone. In this area the carbonate material is 

typically tine-grained. 

In the Saratoga Spring-Superior mine area, the carbonate member 

is dolomitic from bottom to top, is pale pink, pale red or light brown 

on fresh surfaces, and is compact, massive, and fine- to medium­

grained. 

In the section exposed one mile west of Ibex Spring, the lower 

part of the member is predominantly a gray, thin-bedded limestone with 

subordinate siliceous layers. This rock grades upward into silica­

free, equally well-bedded limestone. Superimposed upon this limestone 

are large, irregular dolomite masses, the outlines of which lie athwart 

the sedimentary layering. Bedding planes, though detectable in the 

dolomite, are muc~ less distinct than in the limestone. The 

concentration of MgO, thus indicated by the dolomite masses, probably 

occurred at a time distinctly later than the sedimentation. 

The carbonate member in the Warm Spring Canyon area, unlike its 

typical occurrences, contains highly tremolitic layers through a 

thickness of 200 feet in its lowen part. The tremolite, mixed with 
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various proportions of fine-grained alkali feldspar and silica, occurs 

in layers that, in their shapes and disposition, resemble the chert 

layers conunon at other localities. The layers are associated with car­

bonate material that is predominantly calcite. Though not studied in 

detail, this rock appears to have formed by a low-grade metamorphism of 

cherty dolomite, a metamorphism unrelated to the diabase intrusives. 

The chemical changes indicated by the large dolomite masses in the 

Ibex Spring area and the trernolitic layers in Warm Spring Canyon, how­

ever, are local features. By far the most abundant and wide-spread 

metamorphic effects shown in the carbonate member are those associated 

with the diabase sills. 

Massive chert member 

Massive chert, in thicknesses of as much as 500 feet, lies above 

the carbonate member in most of the occurrences of the Crystal Spring 

formation. The chert is ordinarily colored pale-brown to blackish­

red, and commonly has a jasperoid appearance. Disseminated chlorite 

shreds and opaque particles, both in appreciable proportions, are the 

only other typical constituents. Although massive, the chert commonly 

shows a distinct, thin, color banding. 

The chert ordinarily separates diabase bodies, high in the Crystal 

Spring formation, from shales of the upper part of the carbonate member. 

In the Alexander Hills the chert bodies lie beneath a diabase sill and 

are locally enclosed by diabase. The larger of these thicken and 

thin markedly, and their lower contacts irregularly transgress strata 

of the carbonate member. At Crystal Spring and in Warm Spring Canyon 
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chert bodies 100 to 300 feet thick appear to grade laterally and vertical-

ly into shales and fine-grained sandstone. 

Because the chert bodies are ordinarily in contact with diabase 

sills, the suggestion is strong that at least some of the chert is 

genetically related to the diabase and has formed by silicification 

of both carbonate and non-carbonate strata. In the area of the Superior 

mine north of Saratoga Spring, however, a very continuous chert layer 

as much as 150 feet thick is separated from the nearest large diabase 

body by the underlying carbonate member. The persistent occurrence of 

chert in essentially the same stratigraphic position, even when unas-

sociated with diabase, and regardless of the amount and position of dia-

base elsewhere in the section, points toward a sedimentary origin. 

Upper sedimentar,y: units 

Crystal Spring sedimentary rocks that overlie the massive chert 

member are much less abundantly exposed than the other units of the 

formation. In the eastern part of the Kingston Range, Hewett43/ has 

43/ Hewett, D. F., op. cit. 

shown that the Beck Spring dolomite rests directly upon the chert. 

In many other places the upper sedimentary units have been eroded away 

or are hidden beneath Quaternary deposits. 

If the chert has partly or wholly formed at the expense of sedi-

mentary rocks the original nature of the upper sedimentary units has 

been somewhat obscured. In the Crystal Spring, Ale~ande~ Hills, and 

Saratoga Spring sections, however, the writer noted well-exposed 
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sediments between the top of the massive chert member and the base of 

the Beck Spring dolomite. These sediments range in thickness from 

about 250 feet in the Saratoga Spring section to more than 1100 feet 

in the Alexander Hills. This, the upper part of each of the three 

sections, is composed predominantly of shale, but also contains sub­

ordinate amounts of quartzite and dolomite. 

Most of the shale is a greenish to brownish gray, but various 

shades of red and brown are also common. Most is thinly layered, but 

is also compact and breaks into slabs many times thicker than the in­

dividual strata. A characteristic shale in the sections at Saratoga 

Spring and the Superior mine is grayish orange, strikingly mottled with 

irregular patterns of iron oxide stain, and containing numerous man­

ganese oxide veinlets. 

The quartzite is characteristically fine-grained, massive and com­

pact. Its most common colors are yellowish gray, grayish green, and 

grayish red. Most of the dolomite is gray, and is interbedded with the 

shale in layers five feet thick or less. Near the top of the section 

at Crystal Spring, however, is a 300-foot thick unit composed chiefly 

of thin-bedded yellowish to medirun gray dolomite. 

DIABASE 

Distribution 

Virtually all of the diabase in the Pahrump series is confined to 

sill-like bodies that lie immediately below, within, or immediately 

above the carbonate member of the Crystal Spring formation. Small 
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diabase dikes, transecting the sediments of the lower arenaceous and 

argillaceous part of the formation, were noted at several places; but 

these contain an insignificant volume compared with the total volume 

of bodies higher in the formation. At two localities, one in Ha.rm 

Spring Canyon, the other at the Montgomery mine, the writer observed 

diabase dikes, more than one hundred feet thick, cutting the carbonate 

member. 

The position most persistently occupied by diabase is at or near 

the base of the carbonate member. At every locality known to the 

writer, where this part of the formation is exposed, the diabase is 

present. Everywhere it forms a sill that is traceable laterally for 

the length of the exposures of the enclosing sedimentary rocks. These 

diabase occurrences, therefore, are considered to be parts of a single 

sill, originally at least as extensive as the 70- by 15-mile belt con­

taining the diabase exposures. This diabase body, here referred to as 

the 11 lower sill", ranges in thickness from about 50 feet in the section 

west of Ibex Spring to more than 1500 feet in Owlshead Mountain 

section. In the average section, the sill is about 250 feet thick. 

Its lateral and vertical dimensions place it among the world's largest 

diabase bodies, comparable in size with the Palisade sill of New York 

and New Jersey, and with the great Whin sill of northern England.. 

That it is an intrusive, rather than an extrusive body, is shown 

by the contact metamorphic effects in the overlying rocks and by con­

tinuous, fine-grained selvages, several feet thick, along its upper 

as well as its lower margins. In its thicker occurrences the sill is 

ordinarily a multiple body. This is shown by very elongate septa or 
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screens of altered sedimentary rocks, within the sill. These septa oc-

cur at various levels, and are themselves bordered, top and bottom, by 

fine-grained diabase selvages. Internal selvages also commonly exist 

apart from the septa. 

Diabase bodies higher in the formation are commonly as thick or 

thicker than the lower sill, but are not as persistent. The largest of 

these ordinarily lie at the top of the carbonate member. In the section 

at Crystal Spring at the top of the carbonate 1500 feet of diabase 

separate this member from the upper sedimentary lll1its. In the eastern 

part of the Kingston Range according to Hewett~, a diabase body, 120 

44/ Hewett, D. F., op. cit. 

feet thick, overlies the carbonate member and is overlain by the Beck 

Spring dolomite. Diabase bodies from 500 to more than 1000 feet thick, 

also occur high in the Crystal Spring formation in the Alexander Hills, 

the Ibex Hills and \farm Spring Canyon. The upper diabase bodies are 

missing in the sections at the Saratoga Spring and Superior mine areas, 

but are present in both the Warm Spring Canyon and Ibex Spring sections. 

Thin diabase sills, from a foot or two to several tens of feet thick, 

within the carbonate member were noted throughout the province. Like 

the lower sill, the sills within and above the carbonate member have 

top, bottom, and internal selvages and conunonly contain septa. 

Previous workers in the region, in noting that the diabase does 

not intrude the Paleozoic rocks, have assigned it a pre-Cambrian age. 

The diabase appears to be further restricted to the Crystal Spring for-

mation, as it has not been noted intrusive into the Beck Spring 
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dolomite or Kingston Peak formation. i'ihether or not an unconformity 

separates the Beck Spring dolomite from the Crystal Spring formation 

and the diabase sills, ~annot now be stated. The suggestion is strong, 

however, that the diabase was intruded before the deposition of the 

Beck Spring dolomite. If so, the intrusion probably occurred at rela-

tively shallow depths and at a time when the Crystal Spring sediments 

were poorly indurated. 

Character of the diabase ----------
Petrology and petrography 

The diabase appears originally to have been composed of from 30 

to 60 percent plagioclase (mostly labradorite), from 30 to 60 percent 

mafic minerals (principally hypersthene and augite) and from 2 to 10 

percent magnetite and ilmenite; but considerably more than half of the 

volume of the specimens examined in thin section consists of the secon-

dary minerals uralite, chlorite, sericite and clinozoisite (?). The 

widespread and pervasive character of the alteration indicates a 

deuteric origin rather than a hydrothermal effect genetically unrelat-

ed to the diabase. 

Preliminary megascopic and microscopic examinations of the diabase 

show a marked mineralogic homogeneity persisting both vertically and 

laterally. In a few places unusually high concentrations of feldspar 

were noted; but such concentrations seem to be erratic in distribution 
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and not dtributable to a gravitational differentiation. 

The diabase generally has a dark-green to greenish-black color. 

It is mostly medium-grained, but coarse-grained f acies are common in 

the central parts of some of the larger bodies; the selvages are 

typically fine-grained. An ophitic texture is characteristic, but 

porphyritic textures with phenocry·sts of plagioclase and hypersthene 

were noted locally in the selvages. In a very few localities some of 

the coarser diabase contains abundant irregularly angular phenocrysts 

of plagioclase. 

The plagioclese (mostly calcic labradorite), of the ordinary 

Crystal Spring diabase is in laths, ranging generally from one-half mm. 

to two mm. long. It has altered principally to sericite and clino­

zoisite (?), but irregular inclusions of chlorite are common. The 

plagioclase phenocrysts of the porphyritic rock appear to be sodic 

labradorite. 

Augite, mostly in grains less than 1 mm. in diameter, generally 

forms 5 percent or less of the rock's volume, and appears to be a 

remnant of the primary ma.fie fraction. Ura.lite, by far the most abun­

dant dark constituent, is partly, perhaps wholly, an alteration of 

augite. :Most of the uralite, however, is unassociated with remnants 

of earlier mafic minerals. It occurs in irregular grains from 2.5 

rfiln. to 10 mm. in diameter, and also forms f elty aggregates. The 

uralite shows all degrees of chloritization, an ::i.lteration particular­

ly well-displayed along cleavage fractures in the larger uralite grains. 

The hypersthene, rarely present in proportions greater than one 

or two percent, is mostly in subhedral grains less than 0.5 wm. in 
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maximu.m dimension. Unlike the other primary constituents of the dia­

base, the hypersthene is little altered. 

The opaque grains, irreeuJ.arly angular in outline, are as much as 

3 mm. long. Magnetite is the most abundant, but ilmenite is comn1only 

intergrown with it. 

Biotite shreds, thinly scattered through most of the thin sections, 

may be remnants of primary grains. The biotite is partly chloritized. 

Quartz is uncommon, but locally exists as small interstitial anhedral 

grains. Apatite is an abundant accessory; sphene is less common. 

Chemical composition 

As shown in Table 3, a specimen typical of the lower sill, when 

compared with diabases in general, shows several noteworthy differences 

in chemical composition. The specimen contains about 7 percent less 

silica, 3 pereent more FeO, and has a distinctly higher Na2o to CaO 

ratio. Although the average HzO figure is not tabulated, other dia­

bases ordinarily contain about 1.5 percent HzO, or about half as much 

as the lower sill specimen. Although only one specimen was analysed 

chemically, thin section studies of this and about 15 other specimens 

of the lower sill indicate these major chemical differences to be 

persistent. 

The relatively low SiOz and high FeO contents largely reflect the 

abundance of chlorite, formed at the expense of more siliceous and less 

ferruginous aluminmn-bearing silicates. Silica released in such an 

alteration could well have assisted in the silication of the bordering 

carbonate rocks. The high H2o fraction is attributable to the abundance 
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of hydroxyl-bearing alteration minerals. 

MET.AMORPHISM 

REGIONAL METAMORPHISM 

As previously recognized by both NoblJ!:2/ and Hewett!!§/, the rocks 

l±2J Noble, L. F., op. cit., p. 950. 

!±!:./ Hewett, D. F., op. cit. 

of the Pahrurnp series record a relatively slight regional metamorphism, and 

are not perceptibly more indurated than the Paleozoic sediments in the 

region. The carbonate rocks, although crystalline, are mostly fine­

grained. In general, temperatures have not been high enough to cause 

cherty layers to react with the enclosing dolomite. Only the wide-

spread tremolitic layers in Vfarm Spring Canyon area appear to have .form-

ed in this manner, unrelated to the diabase intrusion. 

Throughout the district the most arenaceous of the Crystal Spring 

sediments have become quartzites, but sand grains in many of the less 

pure layers retain their elastic outlines. The maxi.mum degree of 

metamorphism of the shaly layers is shown by the transformation of 

some of them to argillites. Although in a few localities the shales 

and argillites show a scondary schistosity, most of the planar struc­

tures throughout the Pahrump section represent bedding. The remarkably 

good preservation of cross-bedding, ripple marks and mud cracks also 

indicates a regional metamorphism of low intensity. 
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SiOz 43.79 51.45 

A12o3 16.92 15.64 

FeO 10.75 7.93 

Fe2o3 .3.80 3.91 

Ti02 2.er/ 1.48 

lf.nO 0.35 Oo21 

c2o 6.2.3 9.11 

MgO 6.04 5.90 

K20 1.47 0.98 

Na2o .3.26 3.13 

H20 - 150° c 0.23 * 

H20 -r 150° c 3.62 i~ 

S02 Nil '"' 
P205 0.38 .26 

99. 7i 100.00 

Table 3. Analysis of a specimen typical of diabase 
in the lower sill compared with average composition of 
world-wide diabases. 

1. Diasbase near center of lower sill in Western 
mine area. Analysis by W. H. Herdsman, Glasgow, 
Scotland. 

2. Average composition of 90 diabase specimens 
(world-wide), given by R. A. Daly in Igneous Rocks and 
the Depths of the Earth, McGraw-Hill, 19.33, p. 406. 

*Analyses calculated to water-free. 

12oa. 
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SILICATED ZONES 

Distribution and size 

In contrast with the relatively mild effects of regional metamor-

phism, the carbonate member contains pronounced and widespread zones 

of silication from a few inches to as much as 200 feet thick, and close-

ly related in space to the diabase sills. The strata at or near the 

base of the carbonate member are the most persistently silicated and 

are the ones which by alteration have yielded all of the large bodies 

of commercial talc. These lower zones ordinarily lie above the lower 

sill, either in contact with it or separated from it by non-carbonate 

strata. Locally, where the lower sill intruded above the basal carbonate 

beds, silicated zones lie beneath it. 

Silicated zones also border the sills higher in the member and 

comprise most of the septa in these and in the lower sill as well. Many 

of the higher diabase-carbonate rock contacts, however, show little 

silication or none at all. Conversely the carbonate beds above the 

lower sill show some degree of silication for virtually its entire 

length. Lower zones, from 20 to 200 feet wide, are commonly traceable 

for several thousand feet. The septa are characteristically several 

tens of feet wide and several hundred to several thousand feet long. 

The widest and most persistent zones are associated with sills more 

than 100 feet thick; whereas the smaller sills show thin, discontinuous 

zones, or none at all. However, at some localities, such as the 

Superior mine area, where the lower sill is thick and multiple in 

character, it is overlain by a zone of relatively weak silication. 
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Non-carbonate strata in contact with diabase ordinarily appear 

unaltered. As noted above, however, much of the massive chert, com-

monly in bordering the higher diabase bodies, may ho.ve formed by con-

tact silicification of shale and carbonate strata. 

General features of the silicated rocks 

Petrology 

All of the silicated rocks are characteristicc:lly fine-grained; all 

contain an abundance of magnesiat1 silicate winerals. They are, however, 

divisible into rather clearly defined lithologic types distinguished 

either by mineralogic or textural differences or by both. The name 

11 talc-tremolite rock11 is applied to a variety composed principally of 

magnesian silicate minerals and notably poor in alumina, alkalies and 

iron. It is white or very pale shades of gr2y, green, or pink. Its 

principal minerals are talc, tremolite, chlorite and calcite. These 

exist in various proportions and combinations. The rock contains 

traces of feldspar and quartz, and less than one-half percent, by 

weight of iron oxide. Textures range from blocky to thinly laminated 

to schistose. Classified as talc-tremolite rock is all of the material 

of com.rnercial interest, but much is made sub-cornm.ercial by a carbonate 

content in excess of 15 percent. 

Other sub-commercial silicated rocks have distinctly darker colors. 

They ordinarily contain from 10 to 60 percent alkali feldspar (both al-

bite and orthoclase) and from 5 to 25 percent quartz. The most abundant 

of these rocks is a massive to platy, pale green to pale bluish gray 
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tremolitic type, conveniently called "green tremolitic rock". Its 

other common constituents are calcite, diopside, chlorite, and opaque 

material. 

A less abundant, but very widespread sub-commercial rock is a 

crudely foliated, pale yellowish orange to reddish brown type, named 

11transition rock" for its restriction in occurrence to the borders and 

outer parts of zones consisting largely of talc-tremolite rock. This 

rock, like green tremolitic rock, ordinarily contains apprecictble 

fractions of albite, orthoclase, calcite, and quartz. In general it is 

distinguished from the green rock by a much lower trern.olite content, an 

abundance of sericite (?), the presence of other hydrous, magnesiura-rich 

minerals such as talc, chlorite, serpentine or phlogopite, and a 

pervasive limonitic stain. 

Well-defined planar features, paralleling the margins of the sills 

and the sedimentary bedding, characterize each of the three rock types 

both in gross and in textural detail. Such parallelism is shown by the 

layers and elongate lenses of the various alteration rocks of individual 

zones, and by the schistose or laminated textures of most of these 

rocks. Some of the bodies, however, have a schistosity discordant with 

their margins. 

Distribution of rock types 

The zones associated with the lower sill, and altered from the 

basal beds of the carbonate member, contain all but a small part of 

the district's talc-tremolite rock. Some of these lower zones consist 

almost entirely of talc-tremolite rock; but most also contain layers 
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and lenses of the n10re feldspathic alteration rocks. The transition 

rock is confined almost entirely to the lower zones. It most connnonly 

occurs as layers separating bodies of talc-tremolite rock and unal­

tered rocks of the carbonate member. It also interfingers with and 

forms septa in the outer parts of these bodies. Less common in the 

lower zones, but by no means rare, are lenses of green tremolitic rock. 

The silicated zones that border the diabase bodies higher in the 

carbonate member, and compose septa in these as well as in the lower 

sill, consist predominantly of green tremolitic rock. Zones consisting 

largely or wholly of talc-tremolite rock locally border the higher 

diabase bodies, but such zones are discontinuous and rarely exceed four 

feet in width. 

At the Montgomery mine and at a locality on the north side of 

Warm Spring Canyon, the spatial relations between the three varieties 

of silicated rock are especially well shown. At each place are ex­

posed silicated rocks beneath a large diabase dike. Each dike, lying 

at a moderate angle with the bedding, can be traced for a lateral dis­

tance of about 1000 feet and crosses the lov1er part of the carbonate 

member through a stratigraphic thickness of approximately 300 feet. 

The silication has produced talc-trernolite rock and transition 

rock in the lower 50 to 100 feet of the member and green tremolitic 

rock in the higher exposures. Layering in the silicated rock is paral­

lel with the bedding; the altered rocks grading imperceptibly into un­

altered dolomitic strata. The alteration seemingly produced no change 

in volume. Nor do the major compositional differences in the three 

types of alteration rocks appear to be attributable to variations in 
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the composition of the dolomite. 

Talc-tremolite rock 

Gross structural features of bodies of talc-tremolite rock 

Most of the talc-tremolite rock associated with the lower sill oc­

curs in the silicated zone directly above the sill or separated from 

the sill by shale or quartzite a few tens of feet in maximum thickness. 

A relatively small proportion lies beneath the sill or in the altered 

septa within it. 

Included among the talc-tremolite bodies of coIT.mercial interest 

that lie next to the upper margin of the lower sill are those at the 

Excelsior, Harry Adams, 1destern (pl. 15b), Acme, Eclipse, Monarch, 

Pleasanton, Warm Spring and Death Valley mines. The Brystal Spring, 

Smith, and Ibex deposits are separated from the upper margin of the 

sill by non-carbonate strata. 

The Superior (pl. 11), White Cap, Sheep Creek and Owlshead Moun­

tain deposits are in zones beneath the sill. The Saratoga and Pana­

mint claims contain concentrations of talc-tremolite rock in the septa 

within the sill. 

The Excelsior, Sheep Creek, VJhite Cap, and Warm Spring Canyon 

(pl. 15a) deposits are the notable examples of commercial talc-tremo­

lite bodies that form parts of much wider alteration zones composed 

largely of sub-commercial rock (pl. 15a). 

In a few places deposits at the base of the carbonate member have 

localized faulting with displacements of several hlilndred or more feet. 
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Lubricated by talc, blocks of the member have moved over Archean rocks 

or lie with a transgressive contact ag&inst other members of the Pah­

rump series. Exampmes of such deposits include the Booth deposit and 

some of the unexploited deposits in the Western mine area (fig. 11). 

Brecciated country rock within these zones coJTu~only lessens the com­

mercial value of. the talc. 

Dimensions of commercial bodies 

In all of its observed occurrences the silicated zone above the lower 

sill can be traced laterally on the surface to points where it is fault­

ed off or lies hidden beneath post-Pahrump rocks. Although the zone is 

composed predominantly of talc-tremolite rock, individual bodies of 

this material may lens laterally into other silicated rocks, or may 

be termin.ated by faulting vdthin the zone. The talc-tremolite rock oc­

curs mostly in bodies with lengths of several hundreds to several 

thousands of feet, and widths in the range of 5 to 80 feet; but by no 

means are all of these bodies of commercial interest. 

In their average development the talc-tremolite bodies that have 

been mined are from 10 to 30 feet wide. These have been explored for 

several hundred feet along-strik~ to their termination against faults, 

to places where they are too narrow to be profitably worked, or to 

places where they lens into non-cormnercial alteration rocks. 

The largest proved continuous zone of marketable talc-tremolite 

rock, the principal deposit in the Western mine area, is about 5000 

feet long and 80 feet in maximum width. The deepest workings in this 

deposit are about 300 feet below the surf ace outcrop. 
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m1 1 +. t d • + • J.. 1 ,.- r, • C L1e 2r8es eposiu in ·vne ,:,::.rm i::lpring ~i.n~ron area may :;rove to 

be of compe.rable size, but is ~oorly exposed at the surface o:~nd has 

much less e::tensive undergrou.rid workin0s. The surface a'Cposure of the 

longest ;::>roved co1nmercial de~0osit in the .Su:x~rior mine are3. is about 

1000 feet long. To date none of the district's other comnercial de-

posits h~~ve been shown to be more than 1000 feet long, clthouzh future 

development ma;/ .shov.r thd several exceed this lsngth. 

Severd of the smaller bodies hu.ve bottomed within 200 feet of the 

Sl.1.rfc:.ce and ho.ve been largely ·;;orked out. But most of the bodies of 

corrnne:rcial interest have not been ruined to their down-dip limits. 

Internal structure of commercial bodies 

Llt'J.ough the zones cont.;;.inin£ lar~e bodies of tdc-tremolite rock 

have broCJ.d simil3.rities, by no rneD..ns do they ever:1where duplicde each 

t~12 dist:::-ibutfon of these v::rietfos within indivicl.ual hodi3s. Not only 

is there o. r:ide re.nee in the rn·o:?ortion .s.ncl disposition of the sub-com-

merci:J.l o.lter.··c.tion rocks c.scoci;~terJ. -,1ith the comrn.ercial deposits, but 

the deposiLo th ems elves shovr HF1.rkoc1 diff eronces in internc.l structure 

(fie. 12). So:-n:: of the corrrJo.erci:c:.l r)odies :::re corn...0osed of k.lc-tremolite 

rock th~1t i.s essentiJ.11;; homoi::·8neous from YJ.tll to i:1;:J_l, but most consist 

of two o:c three l::.yers of tcJ.c-tre::r:.olite rock distin:::;u.i3hoc1. from one 

another l::.rgel:r by terlur:;.l (3.ifferenccc; but differences in ;n:in.ertl com-

position a.o.Ae s.lso con1mon. 

Textures of the klc-tremolite rock ran::.;e from thinly-le.;nin-::.ted to 

"1c.ssive to schistose. 'l'he princi;::ial :ninero.logic distinction is t~1e 

rel:;_tive c.b1J.nd;:nc::: of t::.1c :c.".'1.rl. tren0Jit2, one of 1:':1.ich :._:ener'.'11~' is 
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present almost to the exclusion of the other; rarely do the two exist 

in corn1)arable proportions. In either the massive or thinly-laminated 

rocks, talc or tremolite may predominate, but in the schistose variety,, 

talc appears to be invariably the more abundant. In view of these dis­

tinctions, the talc-tremolite rock is separable into the followint; five 

varieties: (1) laminated talc-rock, (2) laminated tremolite-roc~ (3) 

massive tremolite-rock, (4) massive talc-rock, and (5) talc schist. 

Rocks of each of these varieties are currently marketed under the com­

mercial term of 11talc 11 • In general, an individual layer contains only 

one of these varieties, but in a few places the writer noted lateral 

gradations from one variety to another. 

Of the deposits that do not show this layering, some have localiz­

ed such intense fault movement that any original structure would llave 

been obscured. The relative homogeneity of most of the unlayered de­

posit, however, appears to ba a primary feature. 

In most of the layered deposits, the layer next to the diabase 

consists of the thinly laminated rock in which either talc or tremo­

lite predominates (fig. 12b, c, d). Ordinarily from 5 to 15 feet wide, 

the larninated layer generally occupies from one-half to one-fifth of 

the width of the deposit. Upon casual inspection, the l~-ninations may 

seem to be inherited from a thinly-bedded sedimentary rock. But point­

ing against such an origin are the seeming rarity of thinly-bedded 

fock in the unaltered parts of the carbonate member, and lack of any 

trace in the talc-tremolite rock of even such pronounced pre-alteration 

features as the chert layers. 'rhe close spatial relationship bet\:een 
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laminated layers and diabase.indicates a metamorphic origin for them. 
,31"1 

The lamination is perhaps effect of diffusion adjacent to the diabase 
/\ 

margins. Outward from the diabase contact, the laminated layer is 

ordinarily bordered by a layer of schistose or massive rock containing 

talc as the predominant silicate mineral. In a few deposits, however, 

the layer contains a relatively large proportion of massive tremolite 

rock. A characteristic feature of this layer is a marked pinching and 

swelling caused, in large part, by faulting localized by the rock's in-

herent weakness. In several deposits it contains abundant inclusions 

of country rock, a feature not shown by the laminated layer. 

Most of the more tremolitic deposits including the Excelsior, 

Western (fig. 12c), Acme, and Valley deposits show the two-layered 

structure for much of their lengths. In these, the thinly laminated 

layer next to the diabase is highly tremolitic in contrast with the 

characteristically schistose and talcose outer layer. In such deposits, 

even though tremolitic masses exist in the outer layer, the outermost 

several feet are markedly tremolite-poor. 

Some of the talc-rich, tremolite-poor deposits also show the two-

layered structure. In these, the thinly laminated inner layer, as well 

as the outer layer, is highly talcose and contains a very subordinate, 

or even negligible tremolite fraction. The Eclipse deposit and parts 

of the Warm Spring talc-bearing zone (fig. 12d) are of this type. 

The Superior deposit (fig. 12g) is unusual, not only because it 

is the largest of the known connnercial bodies that lie beneath the 

lower sill, but also because for a distance of about 700 feet it has a 

three-layered structure. In their surf ace exposures the inner and 
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outer layers each average more than 15 feet wide, and consist mostly 

of a fine-grained, talc-rich, tremolite-poor schistose rock. Much of 

the rock in the layer next to the diabase, like that of the inner layer 

of the two-ply deposits, is thinly laminated. 

The middle layer, which averages about JO feet thick, is essenti­

ally a tremolite-calcite rock. For thicknesses of three or four feet 

along both margins of the middle layer is a nearly monomineralic tremo­

lite rock of commercial value. In the center of the layer the tremolite 

is less abundant. 

Many of the talc-rich and tremolite-poor deposits contain but one 

variety of talc-tremolite rock. This is true of such deposits as the 

Crystal Spring, Tecopa (fig. 12e), Ibex, vihite Cap, and Owlshead Moun­

tain, which are separated from diabase by non-carbonate, sedimentary 

strata or by non-commercial alteration rocks. Most of these are com­

posed predominantly of talc schist; locally they contain massive talc 

rock. Several deposits that are in contact with diabase also are com­

posed mostly of talc schist. These include the Monarch (fig. 12a) and 

Pleasanton, .cmd parts of the Markley and Brown deposits. The Montgomery 

deposit (fig. 12h), lying beneath a diabase dike that cuts the carbonate 

member, is composed mostly of massive talc rock. The Pongo deposit, 

also in contact with diabase, is composed of laminateci roc.i\: for its en­

tire 15-foot thickness. 

Petrology and petrography 

Laminated rocks. The thinly laminated rocks, common in the inner 

parts of numerous deposits that lie next to diabase, are persistently 
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compact, white and fine-gr2ined. Both the tremolitic and talcose 

v~rieties ordinarily contain from 5 to 15 percent of carbon2te ma­

terial. One or more minerals of the chlorite group~ the only other 

relatively abundant silicates, rarely form more than a few percent of 

the rock, and appear to be absent in a large proportion of the thin 

sections examined. 

Individual laminations have uniform widths, mostly within the O.l 

to 2.0 mm. range. Parting planes are very flat and are commonly 

traceable for many feet. The laminations are well-shown on weathered 

surfaces of the tremolitic rock (pl. 16a), where some of the laminae 

are accentuated by a brownish stain. Weathered specimens of the tremo­

litic rock characteristically spall into paper-thin layers; but, where 

unweathered, both the talcose and tremolitic varieties break into 

relatively thick, platy slabs. 

Thin section studies show that the laminations are caused mainly 

by vertical variations in grain size. Some of the layers contain con­

centrations of carbonate grains or opaque particles. Both talc and 

tremolite occur in grains that range in outline from stubby and shred­

like to acicular. Most are between 0.01 mm. and 0.2 mm. long; grains 

from O. 2 mm. to 2.0 mm. long conunonly compose individual laminations. 

The similarity in habit between the talc and tremolite suggests that one 

is pseudomorphic after the other. The intermediate stages of replace­

ment were not observed, but a tremolite-to~talc alteration noted else­

where in the deposits suggests that, should such pseudomoYphism exist, 

talc is the later. 

Most of the talc and tremolite grains occur, with no apparent 
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preferred dimensional orientation, in mesh-like aggregates; but some 

of the most pronounced laminations contain relatively large grains 

that lie normal to the foliation planes. Laminations, containing talc 

grains dimensionally aligned with the plane~ are not uncommon. 

Carbonate material (probably calcite with subordinate dolomite) 

forms from about 2 percent to as much as 10 percent of the volume of 

the laminated rocks observed in thin section. The carbonate grains 

range in outline from equant to markedly elongate. Most have maximum 

dimensions in the 0.02 to 0.4 rrun. range. Some of the specimens con­

tain grains that are evenly disseminated through the rock, either sing­

ly or in mosaic-like clusters. Others contain disseminated grains that 

are most abundant along individual laminations. Much of the carbonate 

material, however, occurs in minute veinlets and lenticles, many of 

which are also quartz-bearing. Most of these lie parallel with the 

laminations, but others are cross-cutting features. The disseminated 

carbonate grains are ordinarily corroded or transected by aggregates 

of talc or tremolite. The veinlets appear to post-date talc and trerno­

lite. 

The chlorite seems to be less abundant in the laminated varieties 

than in the schistose or massive varieties of talc-tremolite rock. But 

in a few thin sections it is present in amounts of as much as 20 per­

cent. Some specimens show a relatively even distribution of chlorite 

grains; in others the mineral is largely concentrated along individual 

laminations. The chlorite grains show two habits, one plumose or 
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feathery, and another very irregular to equant. Maximum grain dimen-

sions in the range of 0.05 mm. to .0.5 mm. a.re chc:.racteristic of both 

habits. Both have formed at least partly at the expense ,of tremolite 

and carbonate and have been partly replaced by talc. 

Some of the specimens are abundantly clouded with pale brown, sub-

microscopic material. This rna.terial also appears to vary in ~ount 

from lamination to lamination. Other constituents were noted in pro-

portions less than one percent. Opaque particles, consistently less 

than 0.01 mm. in diameter, are ubiquitous. Although present only in 

traces, they are much more abundant in some specimens than in others. 

Quartz, present in traces, occurs only in lenticles or late-stage vein-

lets, ani is commonly associated with ca.rbonate material. In most 

specimens quartz was not observed. Sphene was noted in ve'!"J sparsely 

scattered grains. Although feldspar was noted in none of the thin 

sections, should it occur in fine grains and in tr~ces, it e2sily could 

have escaped detection. 

Massive rocks. The massive varieties of talc-tremolite rock do 

not show the thin and even layering nor the close spatial relation to 

diabase contacts characteristic of the laminated varieties. Neither 

are they composed predominantly of mineral grains in dimensional align-

ment as are the schistose varieties. The massive rocks break into 

tough, block'/ fragments, rather than into plates or friable, schistose 

slivers. But they commonly do exhibit a crude planar structure 

featured by lenticles and layers, in subparallel arran@nent, that con-
" 

trast with each other in'!Bxture and mineral content. 

In thin section the silicate grains are shown to be 
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ordinarily in mesh-like aggregates or in radial clusters, but relative-

ly common are layers in which grains lie roughly norm.al to the planar 

structure. As in the laminated rocks, the carbonate material is dis-

seminated in single grains or in grain clusters, or occurs in minute 

veinlets, variously oriented with respect to the planar structure. In 

specimens intermediate between massive and schistose, most of the talc 

shows a dimensional parallelism, and most of the tremolite lies athwart 

the schistosity. 

Microscopic textural patterns typical of the massive rock are shown 

in the following examples: (1) very fine-grained, decussate aggregates 

of talc, of tremolite, or of a mixture of both; (2) aggregates similar 

to the above in grain size and mineralogy but composed largely of 

radiating grain clusters; (3) matrices that resemble 1 or 2, but con-

taining knots or elongate lenses of distinctly coarser grained tremo-

lite, or interfingering with irregularly-shaped aggregates of chlorite; 

(4) tremolite (?) in cloudy, brownish masses embayed and traversed by 

talc-chlorite veinlets, and (5) brownish masses composed mostly of 

radiating serpentine blades, and occurring in a much finer-grained talc-

tremolite-chlorite matrix. 

Except for the differences in fabric, most of the microscopic 

features of the massive rocks are similar to those of the laminated 

rocks. This is true of the habit and grain sizes of the talc, serpen­

' tine, carbonate, and much of the tremolite. The occurrence and pro-

por~ions of such minor constituents as the opaque grains, quartz, and 

sphene are likewise comparable. In individual specimens of the massivv 

rock, however, the aver2ge tremolite grain is generally several times 
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longer than the average talc grain. As in the l~ID..nated rocks, most 

of the disseminated carbonate grains or grain clusters are corroded or 

cross-cut by aggregates of talc or tremolite, which are in turn cut by 

later carbonate veinlets. A few of the tremolite grains are themselves 

partly replaced by carbonate. Textures that clearly show age relations 

between the silicate minerals are not abundant. Talc locally appears 

to be pseudomorphic after tremolite; and to have replaced tremolite in 

fine-grained aggregates. That only a small proportion of the talc is 

similarly pseudomorphic, is suggested by the contr2.st in average grain 

sizes of the two minerals. In the massive rocks also, at least part of 

the chlorite has replaced tremolite, and part of the talc has replaced 

chlorite. 

Schistose rocks. The schistose variety of talc-tremolite rock 

differs from the laminated and massive varieties mainly in that most of 

its contained talc grains are in dimensional alignment, indicating for­

mation under stress • Also peculiar to the schistose rock is the per­

sistence of a very high talc to tremolite ratio. In most of the 

schistose specimens e~ned in thin section, tremolite was missing al­

together. Where present, the tremolite blades ordinarily lie in 

various positions transverse to the schistosity and appear to be resi­

dual from a pre-schist fabric. These features cause most of the 

schistose rock to be soft and fissile; whereas the other varieties 

are characteristically tough and platy or blocky. 

The schistose rock, however, does share many of the features of 

the laminated or massive varieties. Like them, it is white or nearly 
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so, and is generally fine-grained. Its principal constituents are talc, 

tremolite, chlorite and carbonate; but, of these, only talc was observed 

in all of the thin sections. It also contains minor to very minor pro­

portions of the opaque grains, quartz, sphene, and the sub-microscopic, 

cloudy material previously noted in comparable proportions in the other 

talc-tremolite rock varieties. 

Talc in some large masses of schist occurs in pearly, curved, mica­

ceous flakes as much as one cm. in diameter; but in its average develop­

ment the talc is much finer-grained, and the schist is chalky in appear­

ance. Thin section studies show that the finer-grained talc occurs in 

grains, mostly less than 0.2 mm. long. In aggregate these grains ex­

tinguish nearly simultaneously over large parts of single thin sections, 

and give the appearance of much larger individual grains. 

Carbonate material composes at least 2 percent of most of the 

thin sections examined, and as much as 50 or 60 percent of some. As in 

the other talc-tremolite rock varieties, the dicuneters of individual 

carbonate grains are generally in the 0.02 to O.l~ mm. range, and the 

grains are distributed singly, in clusters, or in veinlets. Most of 

the clusters are markedly elongate parallel with the schistosity. The 

veinlets too generally are parallel with the schistosity, but some lie 

at high angles across it. The disseminated grains and clusters are 

commonly corroded and traversed by talc aggregates; the veinlets appear 

to post-date the talc. 

The tremolite in the schist occurs as irregularly scattered blades, 

either individually or in clusters. The blades ordinarily are several 

times longer than the aligned talc shreds with which they are associated. 
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The chlorite, like the tremolite, is rare or absent in most of 

the thin sections examined; but it comprises as much as 20 percent of 

some. It occurs in irrei::;ular knots and lenticles, that appear to be 

corroded by talc and are co:m..~only cross-cut by streaks of aligned talc 

shreds. 

Green tremolitic rock 

Distribution 

Unlike the talc-tremolite rock, the large bodies of which are re­

stricted to alteration zones associated with the lower diabase sill, 

the green tremolitic rock occurs in alteration zones along the higher 

sills as well. It also composes most of the material in the septa 

within the multiple sills. In some localities, including the Excelsior, 

Superior, and Warm S;>ring mine areas, a relatively large proportion of 

the contact zone bordering the lovrer sill is of the green tremolitic 

rock; but in most of its occurrences the lower sill is associated with 

little or none of this rock. Conversely, almost all of the silication 

associated with the higher diabase bodies has yielded green tremolitic 

rock. 

~~here the green tremolitic rock and talc-tremolite rock exist in 

the same alteration zone, the two generally form layers from several 

inches to several feet thick, with contacts ranging from veFJ sharp to 

gradation.al through several inches. These layers, like those within 

the individual talc-tremolite bodies, are essentially parallelvd.th 

the bedding of the nearest unaltered sedimentary rocks. 
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The contacts between green tremolitic rock and unaltered carbonate 

strata also range from sharp to gradational through several inches. 

Most of these contacts also parallel the sill margins and the bedding, 

but locally the alteration to green tremolitic rock appears to have 

been guided by fractures at high angles to the sill margin. These re­

placement veins extend into carbonate strata that upon megascopic in­

spection seem to contain little, if any, original argillaceous, or 

siliceous material. 

Petrology and petrography 

The green tremolitic rock is compact, fine-grained, and character­

istically breaks into evenly-layered slabs from a fraction of an inch 

to several inches thick. The pale green color is most typical, but the 

variations to pale bluish gray are quite common. The rock appears per­

sistently to maintain these general megascopic features regardless of 

the proportions of such other constituents as alkali feldspar, carbonate, 

quartz, diopside, ar opaque particles. 

Each of ten thin sections of representative specimens of green 

tremolitic rock contains an appreciable, but variable, proportion of 

tremolite. Locally tremolite comprises almost all of the rock. 

Alkali feldspar (albite and orthoclase) generally is present in 

fractions of from one-fourth to three-fourths. 

Each section also contains from a trace to several percent of 

finely divided, opaque and semi-opaque material. Carbonate grains form 

as much as 30 percent of the sections; but in two sections no carbonate 

was noted. Diopside occurs in only two sections, but forms about 20 
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percent of the rock in these. ~uartz, though difficult to distins11ish in 

t.hin sections from untwinned feld.'.ol;ar, prob2b1y constitutes no more than 

li.elo.tively- rare constituents are 2.ctinolite 

;:;.nd chlorite, 

in diwileter. 

in diameter. 

section shows a rele.tively hornOi;:":neous texture :t'e::J.turc::d by ;;;n 

even distribution of' tremolite :3om0 of the needles are in jo.ck-

stra:tv o.rrc~nzerne1Tt.; others a:ce in l"'.:J.dic;;.1 

The feldspar :lnd c1ua.rtz 2.re uniformlJ dissemin:;,ted throush ths rock, or, 

where in excess of tremolite, form ::in even~:;:::!'.'ained rnoso.ic. 

rock,, 

conf :Lned to irregular nw.sses ;:.J1d shows no 1 1c::,Jl-de-

fined textures h tl10 other.. co11stit tv~.nt :J e 

b11t coH11nor1l~{ cluster in c.lnt.s ir1ter~;titi~.1 to c:;:r~i..ns 
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1 2 3 4 5 6 

Si~ 51.09 49.77 51.30 56.42 55.90 56.62 

Al203 0.69 1.84 1.08 0.58 1.24 1.14 

Fe2031 0.33 0.16 0.88 0.28 0.31 0.18 
FeO 

MgO 25.36 28.71 29.52 28.11 28.77 27.75 

CaO 9.32 9.20 6.20 5.63 4.77 5.91 

Na
2
o 2.18 1.80 0.16 0.12 0.10 1.1.3 

K
2
0 1.70 0.61 0.05 0.02 0.44 0.44 

H O-t 2.~} rl2 4.40 3.94 2 
H 0- 0.11 7.90 10.65 0.09 0.10 0.10 2 
co

2 5.21 4.46 4.35 4.40 

Totals 98 .. 83 99.99 99.84 99.83 100.38 101.61 

1. Laminated tremolite rock from Western deposit. 

2. Laminated tremolite rock from New Acme deposit. 

3. Laminated talc rock from Pongo deposit. 

4. Massive talc rock from Montgomery deposit. 

5. Talc schist from Tecopa deposit. 

6. Massive talc rock from Warm Spring deposit. 

7. Talc schist from Ibex deposit. 

8. Talc schist from Superior deposit. 

9. Transition rock from Western deposit. 

10. Transition rock from Tecopa deposit. 

11. Green tremolitic rock from Warm Spring mine area. 

12. Green tremolitic rock from Warm Spring mine area. 

Table 4. Chemical analyses of commercial talcs and other 
silicated rocks of the Crystal Spring formation. Analyses 2, 3, 
and 8 furnished by Southern California Minerals Company, 
analyst undetermined. All others furnished by Sierra Talc and 
Clay Company, analyst A. J. Mc.Arthur. 

7 8 9 10 11 12 

54.77 56.88 35.12 60.90 57.75 62.85 

1.08 0.45 9.22 8.85 11.54 14.60 

0.38 0.63 1.11 1.91 2.22 1.43 

26.05 31.29 12.24 9.88 6.02 6.12 

5.81 4.92 13.95 5.23 7.48 1.32 

0.27 1.86 1.46 2.30 2.16 

0.21 4.27 4.66 7.67 10.37 

4.58} 
0.23 

4.56 ' 

r95 2.12 3.18 1.17 

5.53 0.14 0.16 0.17 0.17 

21.00 5.30 2.98 0.22 

97.94 99.70 96.86 100.47 101.21 100.41 
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less rn.agnesian. Other less mr,.rked, but probc:,bly persistent differences, 

are hic;her iron, soda and water percentages in the green tremolitic 

rock. 

Transition rock 

Distribution 

Transition rock, in its characteristic positicn at or nec:..:.r the 

outer margins of the larger bodies of talc-tremolite rock and cor;irnonly 

separ~1ting them from 1J.naltered c:;;.rbon2te rocks, is widespread. in the 

silicD,ted zones low in the carbona.te member. Among the de;Josits show-

ine wel1-defined 1:::.yers of tre.nsition rock are those at t!ie J.ogers, 

>;estern, Acme, Ibex_, and Pleasanton mines. Lo.yer~_; of the rock range 

in thickness from a few inches to o..s much as 12 feet. Their contacts 

vd.th talc-tremolite rock a.re very sharp, whereas contacts with cc..rbonate 

strc.ta 3.re gr2dationcl. 

The transition rock is particnlc.rly v1ell developed c.t the ~iestern 

mine where it forms w outer border with an average thickness of nearly 

10 feet. Bodies of the rock as much as eight feet thick and several 

tens of feet long interfinger with talc schist and form elongde in­

clusions within the schist. Veinlets, as much as a foot wide, composed 

of white tc.l.c~schist coinrnonl;;· extend into the tr[J.nsition rock. Some 

of the inclusions are rimmed with an irreeul::,.r and discontinuous border 

of light gray c.;;_lcite J.::; much as one foot thick. 'l'he cei.lcite rims are 

per:.::istent1:r thickest 3.long the bottoms of the inclusions. 
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Petrology and petrography 

The transition rock is fine-grained and ranges from very hard and 

tough to punky. It has a typical mottled appearance and is colored 

from moderate orange pink to pale brown, with the latter by far the 

more common. Characteristic is a wispy foliation marked by thin, dis­

continuous, wavy laminations. The laminations, although parallel with 

planar features in nearby sedimentary rocks, do not appear to be relict 

bedding. 

As previously noted, the transition rock, like the other silicated 

rocks, is rich in carbonate and hydrous rnagnesian silicates. Unlike 

talc-tremolite rock it generally also contains appreciable fractions of 

quartz, alkali feldspar, and probably sericite. Unlike the green trem­

olitic rock, it is generally poor in tremolite and rich in one or more 

non-calcic hydrous magnesian silicate minerals (talc, chlorite, serpen­

tine, or phlogopite). Limonitic material, a distinctive though minor 

constituent, occurs in pseudomorphs after pyrite, and as a pervasive 

stain particularly heaV'J along fractures. 

In its characteristic texture, the rock is composed of minute 

lenticles and veinlets generally less than 2 mm. wide, and of contrast­

ing mineralogy. Some are composed mainly of magnesian silicate minerals, 

others of very fine-grained quartz, still others of carbonate, albite 

and quartz. Age relations are not well shown. Some of the chlorite 

appears to be pseudomorphous after trernolite; much of the talc, albite, 

quartz and carbonate occurs in late-stage vein1ets. 
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Chemical ana.lyses of two specimens of typical transition rock 

(table L+) are not3.bly higher in co2, Al203 Cilld K2o, and lower in lJ:go 

than analyses of typical talc-tremolite rock. The former are also 

somewhat richer in iron an.d N'a20• The high ii1203 and K20 percenta.ges 

suggests that much of the untwinned alkali feldspar is orthoclase, and 

that the micaceous material, ;;;t first believed to be entirely talc, is 

largely sericite. 

Origin of silicated ~ 

General statement 

Briefly reviewed, a contact metamorphic origin is indicated for the 

silicated zones by (1) their close spatial relation to diabase bodies, 

(2) by thicknesses roughly commensurate with the thicknesses of the 

diabase boclieE' with which they are associated, and (3) by '.l recurrence 

of simil'll' sequences of alteration !'ock 1o.yers outw:::.rd from the margins 

of diabase bodies. 

The influer.ce of metasom.atism is shown in the marked contrast in 

chewicd composition between the altered rocks and the adjq,cent unal­

tered carbona.te sedirnents. These differences, considered in more de­

td.l below, indicate the abundant addition of MgO and Si02 to produce 

t:::.lc-tremolite rock> and Si02, K20 and i'.1203 to produce the av1~r;1ge 

c;r·~en tremolitic rock ::wcl transition rock. L:D''gs quantities of CaO :.:1d 

C62 '!'e:re r<::moYed in th8 deveJopment of ;.::.lJ thrr~e rock t;;pes. T~1e hy~ 

drother;n::J n:~ture of the ,9.J.terc.tion is sho1:n in the abundance of the 

hy·drox;7l-be2.ring n:unera.ls. The extsnd ve hy~lrotion of the diabo.se, 
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probably a deuteric process, appears to relate the metasornatism to the 

end stages of the diabase emplacement. 

Previous studies of contact metamorphism 

related to mafic igneous rocks 

Previous studies of rocks that border rnafic igneous bodies ordi-

narily have shown that metasomatism was not active or was of minor 

significance. The minerals most characteristic of such border zones 

are anhydrous and have formed principally through isochemical recon-

stitution of the wall rocks in a temperature range somewhat higher than 

tan be attributed to the hydroxyl-bearing nri.neral assemblages of the 

Crystal Spring alteration zones. To the writer's knowledge the only 

diabase sills bordered by extensive contact metamorphic bodies composed 

mostly of hydrous magnesian silicate minerals are those that have in-

truded Algonkian carbonate strata. In several regions throughout the 

world asbestos-bearing serpentine bodies have formed in this manner; 

but such an environment for corrnnercial quantities of talc may well be 

unique to the Death Valley-Kingston Range region. 

Among the reported contact rocks of other m.afic bodies are those 

of the great Whin diabase sill in northern England, as described by 

Hutchings47/ in 1$98. These appear to represent an essentially 

Hutchings, vi-. M., The contact rocks of the Great Whin 
sill: Geol. lfug., vol. 5, pp. 69-82, 123-13l, 
1898. 

isochemical reconstitution of sedimentary rocks. Only soda was describ-

ed as a derivative of the diabase magma. In the cont.act zones, which 

are connnonly several tens of feet wide, the siliceous, nonare;illaceous 
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limestones were merely recrystallized; whereas the mete.morphism of 

argillaceous limestones and calcareous shales produced such minerals 

as garnet, augite, idocrase, wollastonite, epidote, hornblende and 

feldspar. 

Lewirfa!J./, who in 1907 described the contact metamorphism of the 

48/ Lewis, J. V., Petrography of the Newark. igneous rocks of 
New Jersey: New Jersey Geol. Survey, Ann. Rept. of 
1907, pp. 97-167, 138-147, 1907. 

shales and arkoses that border the Palisade diabase sill of New York 

and New Jersey, noted the development of high-temperature assemblages 

through zones several hundred feet thick. These assemblages, which in-

elude the minerals cordierite, pyroxene, plagioclase, quartz, ortho-

clase, and biotite, form several types of hornfelses. The differences 

in the hornf els, Lewis states 11 are dependent only on original differ­

ences in the composition of the shales themselvesu. 49/ 

49/ Levli.s, J. V., op. cit., p. 139-140. 

2Q/ In 1924, Schwartz in a description of the comparative effects 

Schwartz, G. ltfl.., The contr.s.st in the effect of granite 
and gabbro intrusions on the Ely greenstone: 
Jour~ Geology, vol. 32, p. 134, 1924. 

of granite and gabbro intrusives nn greenstone in norther.stern Min-

nesota, found a thorough dehydration of the greenstone a1ong contacts 

~~th gabbro, an effect he attributed to the dryness and high temperature 

of the gabbro magma. S 1 t 211 . 1 t 1 d th t cnwar z , in a a er paper, cone u es , a 

Sch1vartz, G. M., Metarnori')hism of extrusives by basic in­
trusives in the Keweenawan of Minnesota: Geol. 
.Soc. America Bull., vol. 54, p. 1212, 194.3. 
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metamorphism involving dehydration is "peculiar to the effect of basic 

intrusives which in general form anhydrous minerals • • • 11 • 

Ross52/, also impressed with the lack of metasomatic effects along 

21:./ Ross, C. S., Physico-chemicaJ.. factors controlling magmatic 
differentiation and vein formation: Econ. Geol., 
vol. 23, p. 873, 1928. 

the borders of mafic bodies states as follows: 

11 The almost complete absence of recognizable contact­
metamorphic effects in the wall rock of even the relatively 
hot magmas that have formed basalt dikes or diabase sills 
is noteworthy. Hy-pabyssal intrusive magmas, even those 
that are known to have had high temperatures, were in general 
able to exert little effect on most inclosing rocks by heat 
energy unassisted by hydrothermal or gaseous emanations ••• 11 

Evidence of metasomatism in the anhydrous contact zones next to 

mafic bodies, however, is not altogether lacking. Buddington53/, for 

53/ Buddington, A. F., Adirondack igneous rocks and their 
metamorphism• GeoU. Soc. America, M~ 7, 
p. 61, 1939. 

example, in his Adirondack Mountain studies has described a gabbro 

that locally contains limestone lenses partly altered to pyroxene-

garnet-scapolite tactite; but he notes that, in this area, contact 

metamorphism related to gabbros is rare. 

Tille~ in describing the high temperature mineral assemblage 

Tilley, C. E., On larnite (calcium orthosilicate, a 
new mineral) and its associated minerals from 
the limestone contact zone of Scawt Hill, Co. 
Antrim: Mineralog. Mag., vol. 22, p. 86, 1929. 

in the dolerite-chalk contact zone at Scawt Hill, Antrim concludes that 



11 the purity of the chalk outside the thermal zone 
clearly denotes that solutions from the dolerite 
magma enriched the contact-zone in silica, magnesia, 
iron oxides, and alwnina, so enabling the formation 
not only of calcium silicates, but also of merwinite, 
melilite (gehlenite), and spinel." 
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The contact metamorphic effects of a diabase sill at Safe Harbor, 

Pennsylvania, as described by Chapman.2i/ in 195S indicate a two-stage 

55/ Chapman, R. W., Contact-metamorphic effects of Triassic 
diabase at Safe Harbor, Pennsylvania: Bull. 
Geel. Soc. America, vol. 61, pp. 191-220, 1950. 

history; the first characterized by high-temperature metamorphism, the 

second by lower temperature, hydrothermal alteration. In the first 

stage cordierite and orthoclase formed at the expense of quartz and 

mica in a quartz-feldspar-biotite-muscovite schist, and forsterite was 

produced by the reaction of quartz and dolomite in a dolomite contain-

ing phlogopite, quartz and feldspar. In the second stage water, 

ferrous iron and magnesia, and possibly alumina and silica were added 

to the schist to produce chlorite, clinozoisite, chlorophyllite and 

specularite; and water, magnesia, silica, iron, zinc, and sulphur were 

added to the dolomite to produce tremolite, diopside, talc, antigorite, 

magnetite and sphalerite. Chapman concludes that the magnesia and 

silica were probably not of magmatic origin and that the magnesium may 

have been derived from dolomite at depth. 

Of the asbestos-bearing serpentine bodies that border diabase 
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sills examples are known in northern and south-central Arizona
56/, in 

56/ Diller, J. S., Mineral Resources U. s., 1907, pt. II, 
pp. 720-721, 1908. 

--------------, 1iineral Itesources U. S., 1908, pt. II, 
PP• 705, 1909. 

Noble, L. F., The Shinumo quadrangle, Grand Canyon 
district, Arizona: U. s. Geol. Survey Bull. 549, 
pp. 57-60, 1913. 

Bateman, A. M., An Arizona asbestos deposit: Econ. 
Geology, vol. 18, pp. 663-690, 1923. 

Wilson, E. D., Asbestos deposits of Arizona: Arizona 
Bur. Mines Bull. 126, pp. 28-33, 1928. 

Transvaalllf, and in southern India.2§/, In each area the rocks intru-

Hall, A. L., Asbestos in the Union of South Africa: 
S. Africa Geol. Mem., no. 12, pp. 145-156, 1930. 

Coulson, A. L., B.s.rJtes and asbestos in the ceded dis­
tricts of the hlo.dras Presy.: India Geol. Sur:Vey 
Mem., vol. 64, pts. 1 and 2, 1933-34. 

Mur;::ihy, P. B., Genesis of asbestos and b:1rite, Cudda::_Jah 
district, 11.ayalaseema: Econ. Geol., vol. '1-5, 
pp. 681-695, 1950. 

ded by the sills closely resemble the Crystal Spring formation in both 

lithology and sequence. These other sedimentary rocK, - the Grand 

" . 59/ . t' ' . d t" ' 60/ . t..ranyon series- in nor nern Arizona, an 11e Apacne grou~J- in south 

Noble, L. F., op. cit. 

Ransome, F. L., Geology of the Globe copper district, 
Arizona: U. S. Geol. Strr-vey Prof. Pnper 12, 
PP• 28-40, 1903. 
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central Arizona, the Tr:.nsvaal systeuf:l/ in Transvaal, and the Cuddapah 

61/ DuToit, A. L., Geology of South Africa: Oliver and 
Bond, Edinburgh, pp. 101-135, 1939. 

systerrfa3.I in southern India - are also probably Algonkian in age. 

------· 
62/ Wadia, D. N., Geology of India: Mcl'Ylillan Co., Ltd., 

London, pp. 86-92, 1939. 

In brief, the zones of serpentinization range from a few feet to 

as much as 200 feet in width and have replaced carbonate sediment~ry 

rocks. Chrysoti::..e asbestos occurs in veins, generally less than 3 

inches thick, in massive serpentine. All students of these zones have 

agreed upon a cont.'J.ct-metamorphic origin; most have believed the dia-

base to be the source of additive ~Jilica, magnesia, and water. But 

Dillerfil! and Noble64/ in early descriptions of the Arizonan deposits, 

Diller, J. S., Einerul He sources U. 
p. 705, 1909. 

fd:J Noble, L. F., op. cit. 

0 ..... ' 1908, pt. II, 

ascribed a wholly sedimentary source to the magnesia. 
65/ 

Coulson- sug-

65/ Coulson, A. L., op. cit. 

gested a connate origin for the wnter of the Indian deposits. 
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Paragenesis of the silicated zones 

Character 211d influence of the narent rocks. Because the carbo­

nate member ordinarily shows little lithologic variation within thick­

nesses of several tens of feet, the parent rocks of the silicated 

zones are assumed to have been essentially the s21ne as the unaltered 

carbo~ate rocks in contact with or nearest the zones. If so, the zones 

associated with the lower sill consistently have altered from dolomite, 

either cherty or chert-free. The zones bordering or enclosed by the 

higher sills have altered from limestone and dolomite, both character­

istically chert-free. Of the large concentrations of talc-tremolite 

rock, only the Ibex deposit a:?pears to have altered from limestone. 

A comparison of bodies of t~lc-tremolite rock formed from cherty 

dolomite with those formed from chert-free dolomite, shows that the 

proportion of chert ho.s e:::ercised little, if any, control upon their 

ultims.te mineralogic or che:mic:il composition. For ex2Jnple, the highly 

talcose Smith de9osit, and the highly tremolitic ~fostern deposit have 

altered from similar cherty dolomites; whereas chert-free dolomite has 

altered to tremolitic rock at the Valley deposit and to.lcose rock at 

the Brown deposit. 

In many of the bodies eross lo.yerinc is o_ rnetasomatic effect un­

related to differences in the original strata. This is shovm by the 

common recurrence of the s2.lm layered seciuence - laminated tremolite 

rock, talc schist and transition rock - outward from diabase cont2.ct 

regc.rdless of the cho.racter of the po.rent rock. Layering within other 

zones, however, _probably is attributable to such f2_ctors as differences 
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in :)errneabilit~r or in the proportion of impurities of the original 

strata. Although the textural laminations generally do not appear to 

be relict strata, the altering solutions were probably guided, in 

large pe;.rt, by bedding planes, thereby producing the parallelism with 

bedding in the 1ll1E1ltered, more massive sedimentary rocks. 

Talc-tremolite rock and transition rock. The close association 
~~ ~~ ~-

of trrinsition rock with t&.lc-tremolite strongly suggests a genetic 

relationshi) betvveen the two; the transition rock produced by metaso-

matism that permitted the coexistance of clkali feldspar, quartz and 

ferrid hydroxide, as well as carbonate and v~~rious hydrous magnesian 

silic&tes; the talc-tremolite rock a product of metasomatism th;::.t yield-

ed hydrous mEtgnesian silicate - c&rbon.s.te assemblages generally free of 

ferric hydroxide and feldspar s.nd containing but a minor proportion of 

late-stage quC::.rtz. 

Although the transition rock is locally cut by veins of white, 

raicaceous talc, for the most part~ it a:)pea;·s to have developed as a 

concurrent, generally marginal phase of the metasolll8tism that produced 

the t.:?lc-tremolite rock. The form.E:tion of transition rock may have 

been favored by a decreasing temperature gradient. 

As shown in table 4 the commercial talc de,;_Josits in the Southern 

Death Valley-Kingston Range region average about 54 percent Si02, 

28 percent lJlgO, 5. 5 percent Ca.O, 4. 5 percent C02, 4 percent H20, 

1 percent Al2o
3
, less than 1 percent each of K20, Na2o, and less than 

1/2 percent iUn oxide. If, as the field relations at the Montgomery 

mine indiccLte, the silication involved little or no change in volume, 

the reconstitution of the carbonate rocks to talc-tremolite rock and 
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transiti.on rock rec1uired much additive material and the removal o.f J1D::t 

of the CaO and co2• Sven ii' ideally pure, the dolomites contained but 

19 .1 percent lvigO. l~ith a high chert content so corru:ion, the pc.rent rocks 

probably &verat;ed between 10 and 15 percent ;:JigO. Bec2.u3e few, if any, 

of the original carbonute rocks, contained as much :::..s 51+ perc.:snt Si02 

(m011y are nearly silica-fre.;;), the &bunctant ietroduction of Si.02 is 2.lso 

indicated. The introduction of K,O and A1 2o3 in the i'ormJ.tion of 
/:',., ·-

tr.s.nsition rock is indicated in it::; high percentc.r;e of the.sr; b:o oxides, 

w~ereas the unaH,ec~ect CJ.rborw.te rocks, s.s obser<red in hc.nd 5;:,ecimen and 

thin section, arf! ordinaril:/ free of :)otash- or alumina.-bear:ing rr.iner:?cl::;c 

The abundance of albite in much of' the tra.r:isition rock s1,1gcests thc.~t 

2lso been introduced. 

From fore3olng petrographic descriotions it will be recalled that 

the major chemic&l chc:.nges in the developm.ent of to.lc--troraolite rod.;: 

2.re reco::-deo iri the followine miner21ogic .sequences; the replacement of 

dissenti.nated carhom:.te by at;grego.tes of tremoJite, of chlorite, or of 

talc; the replacem·:mt of tremolite by ae;c;regdes or pseudomorph.s of 

chlor:i.te or of t::1.lc; and repl2cemcnt of chl·'.:>rite b3r ?..ggregates of ts.le. 

Th,:; c;enero.l sec:i.uence, therefore, is c::irbon~te, trernolite, chlorite, 

tv.lc, e:c.~h of the silico.t0 ~> h,;;.vinz f'ormed at the •3xpensc of each 

m.l.nc::,r::..l 1ist8d 'Y:>f'org it. CE.;,rbona.t-:: lder thun th::it in the disseminated 

t::r:::.ins hc.s loc:J.1;/ replr1ced trsm1olite 0nd occurco nith 2ubordiric~t,e 

quartz in veinlets. 

If, as seems likely, a de11t3ric h;}rdration of thn, di3.b:.J.se w:::..s ::t 

least, partly contem::-iora.neous with the silicc.tion of the bordF;ring 

rocks, the finc.l sr..2ges of the silic~;.tion occu,rred ne;.lr t:ie er1d of a 
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period of declining temperatures produced by the cooling diabase. The 

suggestion is strong, therefore, that the sequence tremolite to chlo-

rite to talc formed under successively lower temperatures. This is 

also suggested (1) by the common occurrence next to the diabase of high-

ly tremolitic layers which are in turn bordered by layers of chlorite­

bearing talc schist, and (2) by the occurrence of talcose borders around 

chert layers as the outermost evidence of silication. 

A significant clue to the maximum tem._oerature at which the tremo-

lite could have formed is given by the persistent tremolite-calcite 

association in all three varieties of silicated rock. These two are 

diagnostic minerals of the fourth of Bowen'~ thirteen steps in the 

~/ Bowen, M. L., Progressive metamorphism of siliceous 
limestone and dolomite: Jour. of Geol., vol. 48, 
no. 3, p. 257, 1940. 

progressive metamorphism of siliceous dolomite. This step, above which 

calcite and tremolite can no longer exist in equilibrium,,is shown by 

the following equation: 

• 
calcite tremolite diopside f orsterite 

In a schematic P-T curve Bowen suggests that for all pressures low-

er than 1500 atm. the reaction proceeds only at temperatures lower than 

650 degrees. Although tremolite does occur in higher temperature as-

semblage~ these occurrences are limited to associations with minerals 

67/ more magnesian than dolomite- • The tremolite-dolomite-calcite 

67/ Bowen, N. L., op. cit., p. 245. 
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association, apparently the earliest shown by the talc-tremolite rock, 

permits the application of "step four11 with reasonable certainty. 

The carbonate-tremolite-chlorite-talc sequence, each miner~l re­

placing each of those listed before it, indicates the enrichment in M:gO 

and Si02 and removal of CaO and co2 to have been continuing processes. 

The greatest chemical changes, however, appear to have been during the 

early phase of silicc..tion when the highly tremolitic rocks were formed. 

This also was probably the period of f or.mation of much of the talc and 

chlorite that has directly replaced carbonate in the outer parts of the 

bodies. A rapid evolution of C02 probably caused maximu.11 pressures dur­

ing this phase. The replacement of tremolite by chlorite and talc, 

and of chlorite by talc, therefore, apparently proceeded under succes­

sively lower temperatures and pressures and required smaller amounts of 

MgO and Si02• 

That stress was also a factor in the la.ter phases of the forme.tion 

of talc-tremolite rock is shown in the widespread development of talc 

schist, partly at the expense of rock composed largely of tremolite 

blades with no pronounced dimensional alignment. It will be recalled, 

however, that much of the talc rock is not schistose, and that the 

laminated o.nd sc'.'listose layers in a given deposit are generally sharply 

separated from one another. The masses of laminated rock appear to 

have undergone little change attributable to stress. 

Green tremolitic rock. The paragenesis of the green tremolitic 

rock consisting, in general, of an apparent1y contemporaneous develop-­

ment of tremolite and alkali f eldspa.r at the expense of carbonate, is 

simpler than the.t of the ta.lc-tremolite rock. l1Ioreover the forrne.tion 
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of the green rock has considerc..bly higher proportions of fSO, Al2o
3 

and probably Na2o, i.ind correspondingly lower proportions of M.gO and H2o. 

If, as investigations to d::.te suggest, the green tremolitic rock has 

formed partly from limestone and partly from dolomite, both cherty and 

chert-free, but very poor in potassic, sodic, and tluminous materia.ls, 

these three have been introduced. 

In many occurrences of green tremolitic rock, th~ MgO content may 

well have been derived entirely from the original sedimentary rocks; 

but the formation of highly tremolitic varieties, even from ideally 

pure dolomite, would require an enrichment in MgO. This is also true 

of the ordinary tremolite-f eldspar rock formed from the more calcu.reous 

strata. Because the hieher carbon,:lte beds ordinarily contain very 

minor proportions of Si02, much of the Si02 in the green tremolitic 

rock also has been introduced. 

Cause of petrologic differences be~ lower and higher zones 

and sources of additive materials. The localization of talc-tremolitic 

rock and transition rock to the lower part of the carbonate member, and 

the preference shown by green tremolitic rock alteration for septa and 

for zones high in the member, cannot be correlated with original 

variations in the lithology of the member. Neither can this strati­

graphic disposition of alteration rocks be caused by inherent differ­

ences in the diabase bodies with which they are associated, a con-

clusion drawn from the nc.ture of the ;::i:reviously noted silica.tea zones 

along diabase dikes that cross the member. 
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Of prob<::.blc d_znific:.:_nce to tJ::3 problem is th-:; evidence thd the 

lower zonc.s ·.:er2 su~J~ect to contin~ng hydrothcrm:::.l activit;;-; which :::iro-

duced n!'o_;ressive chemic'-.1 c.nd rniner<ilogic c'.Bn,;es; wherez::..s the tremo-

lite, <>.11::lite, :;nd ·:~uJ.rtz in th8 .1.lterc'.tion rock of the sept3. and hi..:;her 

zones, ap_i_)ear to ho.ve formed simult:::.neousl:r :".nd in ez-:tuili1Jriurn and to 

ho..ve undergone little, if any, lder alteration. Also significo.nt i::: 

the likeli~10od tr1.:-~t the diab':.se intruded soon 3.fter the Cr-Jsto.l Spring 

str:.ta -:;ere deposited ,:;nd ti.L.t t'.13 str.it--., then poorly consolid2.ted, 

stro.t<l, prob::;.oly cr;,,rstc,llized in c. more :J.c;_ueous erivironme.~t th..::.n c~id the 

zones 3.long the cross-cuttinz; dikes would have been closer to s 1.1ch "" 

source of · . .rc.t er thc.:.n ~·1olLld the hi;::;he:r zones. 

The loc··lize:1tion of t2lc-tremolite rock a'!r:_ tr;::nsition rock, t'.!.cr~-

for.e, is rierhaps attribuk.ble to the c;rc:u.ter E;vd1c:bilit;y of connc:te 

v:J.ter to cJ_tere.tion c:.:ff8ctin;; t!:'le oe:.s:::.1 beds of tli.::: carbonate member. 

In0.c:ed, intrusion. into -,·'.'tc;2-ric'.1 dr~_t'-' m::y ;·1e11 2.Ccount for the :::.pp~.r-

llost of the ,:o_dditive Si00 , 
..... 

v,rill be remembe:!'.'ed th:1t !!ls.fie bod_i3s at other locc.:.lities have been des-

cribed as sources of one or ;:1ore of tr1ese com~)onents, and thc..t in the 

bodies borderin:::; the die.base of the Cr-ystal .Spring form:~_tion c.ll five 

hG.ve been introduced in the hicher c.s well c:.s the lor:er silicated zones. 

In the C!'yst&l S:;::irine dic;.be:.se, tho abundant alteration of labrad.orite to 

chlorite and sericite c.nd of augite to uralite c:.nd chlorite suge-est that Si02 
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and Na20 were released in the late stages of diabase emplacement. 

Connate water may have diluted hydrothermal solutions emanating 

from the diabase, or, if strongly saline, may have effectively enrich­

ed the solutions in ·soda, potash, chlorine or magnesium. That addi-

tive MgO has traveled upward from other dolomites, as suggested by 
§.§/ 

Chapman for the contact rocks at Safe Harbor, is unlikely in the 

68/ Chapman, R. Vf., op. cit. 

silicated zones of the Crystal Spring carbonate member beneath which 

dolomite occurs in insignificant volume. 

THE WRITE EAGLE DEPOSIT 

GENER.JU. STATEMENT 

The White Eagle and the other talc deposits of the Inyo Range dis-

trict differ in several respects from the talc deposits in the Southern 

Death Valley-Kingston Range and Silver Lake areas. Mostly alterations 

of Paleozoic sedimentary rocks, less commonly of Mesozoic granitic rocks, 

the Inyo Range deposits are either Late Mesozoic or Tertiary in age. 

They are ordinarily pod-like or irregular in shape, and tremolite-free, 

thereby contrasting with the highly tremolitic, very elongate pre-

Cambrian deposits described in preceeding sections. Moreover, the 

Inyo Range deposits, apparently showing no genetic relationship with 

nearby igneous bodies, were farther removed from the source of their 

altering solutions than were the others. 

Most of the Inyo Range deposits occur at or near contacts between 
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dolomite and quartzite and have replaced both. Part of the hhite Eagle 

deposit has formed in this manner, but. it is largely a replacement of 

adamellite, which, in the Inyo Range region, is an uncommon parent rock 

for talc. 

PHYSICAL FEATURES 

The Vibite Eagle mine, high on the east flank of the Inyo flange 

(pl. 17), overlooks the north end of Saline Valley, and lies about one 

mile ·west of viillow Creek Camp, a small group of permanent buildings 

at the base of the rmge. The caJnp is at an elevation of 2000 feet; 

the mine is about 1500 feet higher. Annual rainfall probably .:i.verages 

less than 3 inches, but a small perennial stream, \J11low Creek, flows 

southeastward through the camp. 

The camp is about 16 airline miles due o:i:::i.st ";f Independence, but 

it is reached by a 52 mile, fair to poor, dirt road extending southeast 

from Big Pine. The deposit, about 1 1/2 miles by trail from the road, 

is exposed on a slope of nearly barren bedrock, locally covered by 

talus. 

Regional features 

As shown by Knopf.22/ in his classic reconn2issance studies 

69/ Knopf, Adolph, A geologic reconnaissance of th3 Inyo 
rfa.nze 2.nd the:! ea.stern slope of the soutr.ern 
Sierra IJevcida, C:::..lifornia: U. s. Geol. Survey 
Prof. Po.per 110, 1918. 
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of th,:;; Inyo Range aree, a. pluton of adamellite underlies <m area of 

about 100 sq_uare miles in thFJ central p2.rt of the range. The northern 

boundary of the pluton lies about 2 1/2 miles north of ~Jillow Creek, 

its southern boundary about 10 miles to the south. Low on the east 

flank of this part of the range, however, is a belt of westerly dippine; 

Pc.leczoic sediments.ry rocks, extending from the vicinity of 1,dllov: Creek 

southeast1nard for a distance of eight miles. The belt is bordered by 

~uaternary alluviUJn on the ec;.st, ebewhere by ad3.mellite. In plan, it 

has a maximum width of about 2 miles at its northern end. Here the 

;Jhite Eagle talc deposit has formed at a locality where dikes and. irregu-

lar apop\y:3es of adamellite extend into Paleozoic crystalline carbonate 

rocks and quartzites. 

General features 

The geologicd. features of the immediate are2, of the rn.ine have 

70/ 
been described by Page- , and will be but briefly revievied. here. 

'J2./ Page: B. N., T<;.lc deposits 0£' steatite grade, Inyo 
County, Cc.lifo~cnia: C:.ili.fornia Div. Eines, 
Spec. Rept. 8, in press, 1951. 

T.'.Tree major sed.imentar;r units eYist in the mine .:::.rec.. ,CJ;, expo:c::d 

in upv:ard sec--:1.11c:nc0, thes·"l are ( 1) a i..mi t composed riartly of crystalline 

limestone> part1~,- of dolorn .. i.tic maroleJ and containing lenticult:..r, 

s:i.liceouc, &1.::;al ( ?) bodies, (2) a quctrtzite la;;rer from 75 to 150 feet 

and ( J) a predor:iinu.ntly dolomitic, loco.llJ limy, mrbJe, .fY"3e of 



siJ.iceous bodies. The carbonate lU1its were not measured, be:rond the 

areo. of the accompanyini:; map> but :::.re considero.bly thicker than the 

quartzite. i\lthough e.x±.ensively invaded by adamellite, trE;! 1c.rger 

masses of sediment:::.ry rock extend soutlww.r·d icito a relu.tivsly int::.:.ct 

section. Cornmo!!.ly incl:1ded in the ar.l.JJn:;lli te of t~1e mine areu.> r1m·:ever) 

a.re angular blocka of c;;i.rbonc.+.e roc:k as much &s 200 feet in maxirrnm 

dimension. Conte.cts of' adamellite rith the g,:;d.im·:onL1r/ rocks ar~; sharp 

;ind ordinc.rily show a one- to two-inch selvage. 

On the basis of lithology: the sedimentz.i.ry rocks are tentc.tively 
r11 I •-I correlated with Silurian- uni ts, 'Nidely exposed in, the InJo 1tu...'1ge .:ere a,, 

71/ Herriam., C. '·: '3i1urian c1uartzites of ti1e Inyo IJounto.ins, 
Cc:,lifornia: Geol. Soc. ~w1. Sull., vol. 61, no. 12, 
195L 

and common as parent rocks for t:J.lc. No fossils other than the algal (?) 

remains were noted. 

Petrology 

Carbonate rocks. Both carbonate units are massive and rarely show 

bedding features. They range in color from medium e;ray to very pale 

orc.11.ge, and from fine- to medium-grained. In genere.l thG dolomitic 

facies are lighter colored and coarser-grained than the limestones. In 

thin section the carbonate is seen to form a mosaic of clear, equant 

grains with diameters ordinarily less than 0.5 mm. in the limestone, 

and in the 1 mm. to 5 mm. range in the dolomite. The color range is 

c:J.used mostly by differences in the abundance of opaque, carbonaceous 

(?) particles. 3xcept for the siliceous algal (?) bodies the only 
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other impurities noted were traces of disseminated tremolite and ~uartz. 

Quartzite. The quartzite, a whi~e, compact, vitreous rock is 

massive, but locally shows well-developed cross-laminations. The thin 

sections examined show sutured ~uartz grains, flattened parallel with 

the bedding, generally from 1 mm. to 3 mm. long and less than 1 mm. wide 

in cross section. Rows of minute bubbles criss-cross the quartz grains, 

seemingly in random directions. The rock contains less than one per­

cent impurities, principally muscovite and alkali feldspar; these occur 

in grains averaging less than O.l mm. in diameter and evenly dissemi­

nated through the rock. 

Adamellite. The adamellite, a gray, medium-grained, porphyritic 

rock, appears to be structurally homogeneous. Its average composition 

is about 45 percent plagioclase, 25 percent potash feldspar, 20 percent 

quartz, 10 percent biotite, and a percent or two of hornblende. Sphene, 

magnetite and ilmenite are relatively abundant accessories. 

The phenocrysts, generally between 5 mm. and 10 mm. in diameter, 

are of microcline microperthite. Oligoclase, orthoclase, and micro­

perthite grains of the ground.mass are mostly from 1 mrn. to 3 mm. in 

diameter. The feldspars are anhedral with sutured borders. Micro­

perthite a~d orthoclase grains are equant, oligoclase grains are some­

what elongate. Oscillator<J zoning is common in the oligoclase grains 

and orthoclase grains. Quartz grains are generally round or ovoid in 

cross-section and have diameters within the O.l mm. to 5 mm. range. 

Biotite shreds and hornblende blades are as much as 5 mm. long. 

Sericite, the most abundant mineral, has altered from both feld­

spar and biotite. In general, the oligoclase is more extensively 



166. 

sericitized than the potash feldspars. 

Talc bodies 

General features. i\ilost of the talc in the White Eagle mine area 

is contained in an irregular body (pl. 4) which in plan is a crude 

obtuse triangle nearly 600 feet long and 200 feet in .rn.a.ximum width. 

The body trends north-northwest; surface exposures suggest a moderate 

westerly to southwesterly dip. It is in contact with all three sedi-

mentary rock units and has partly altered from each. But it is bor-

dered mostly by adarnellite, both acute angles of the triangle terminat-

ing in this rock. That adarnellite is the principal parent rock is 

shown by the existence, throughout the main talc body, of abundant in-

clusions, all showing various stages in the alteration of adamellite 

to talc. 

The mine area also contains numerous smaller replacement bodies 

of talcose rock. The largest of these, about 150 feet long and 5 to 10 

feet in average width, is in the lower carbonate unit, and is near and 

roughly parallel to the lower margin of the quartzite. Numerous smal-

ler talcose lenses and veins exist within the quartzite and carbonate 

rocks. 

Character of the talc. Pale green talc is characteristically as-

sociated with adarnellite, white to very pale green talc with ~uartzite, 

and white to medium gr2.y tc~lc with the limestone and dolomite. Irres-

pective of color and associc.ted rocks, the 'ihite II:agle talc is very 

fine-grained, and is ordinarily semi-translucent and block'<J. Some of 

it has a poorly developed schistosity; friable masses are not uncommon. 
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Thin section studies show the talc to be in stubby, otld to shred-like 
~ 

grains, mostly less than 0.3 mm. long, with no pronounced dimensional 

alignrnent. The most comrnon impurities (feldspar in the green talc, 

quartz in the brichter green to white talc, and carbonate in the gray 

talc) are residual from pre-existing rocks. 

Character of the alteration 

Alteration of adamellite. The alteration's preference for adamel-

lite is probably attributable to a higher degree of.pre-talc fracturing 

in this rock than in the sedimentary rocks. The most completely altered 

parts of the principal talcose body seem to have formed in the most 

fractured adamellite; whereas the partly altered adarnellite inclusions 

represent relatively W1fractured, less permeable remnants of the orig-

inal rock. 

Many of the inclusions contain a core of unaltered adamellite sep-

arated from nearly monomineralic talc rock by a transition zone ordin-

arily less than one foot thick (pl. 18). Other inclusions, more com-

pletely altered, contain no unaltered core, but are partly talcose for 

their full thickness. Where the.entire transition is shown, the 

alteration has produced, from the unaltered rock inward (1) a reddish 

brown outer zone, less than one inch wide, showing the disintegration 

of biotite and hornblende, precipitation of the iron as ferric 

~oxide, and incipient alteration of feldspar and quartz to talc; (2) 

a pale grayish green, 11bleached11 middle zone, free of ferromagnesian 

minerals and ferric hydroy,.ide, showing pronounced albitization (at the 

expense of potash feldspar and quartz) and extensive alteration of 
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albite and quartz to talc; and (3) an inner zone consisting almost en­

tirely of talc. Zones of similarly "bleached" adamellite, several tens 

of feet wide are peripheral to the main talc body. In all of the many 

exposures sho~~ne, within a several inch thickness, the adarnellite to 

talc transition, this zonal sequence is repeated. The alteration, 

therefore, appears to have been confined to a single period and to have 

been produced by solutions essentially uniform in composition. 

Chemical analyses (table 5) together with modal analyses of thin 

sections cut across the transition zone, permit a diagrammatic repre­

sentation of these mineralogic changes (fig. 13). Thin section examin­

ations show that the ferric hydroxide, formed from the disintegration 

of biotite and hornblende, occurs as a reddish brown stain, filling 

fractures and coating feldspar and quartz grains. Incipient alteration 

of feldspar and quartz to talc also characterizes this outer zone. 

That virtually all of the feldspar in the middle zone is albite 

is shown by the rock~s very low K20 content and an Na2o to Cao ratio of 

about 13 to 1. Albite pseudomorphs after microcline are cloudy and un­

t1ninned. Other albite grains which are euhedral, unclouded and show 

polysynthetic twinning (pl. 19b), have grown into quartz grains, a re­

placement causing a progressive increase in albite and decrease in 

quartz through the transition zone to talc-rock. 

The talc which evenly increases in abundance from unaltered rock 

through the transition zone, has formed principally at the expense of 

albite, less commonly of quartz. Talc shreds, singly or in aggreg~te, 

have developed interstitial to or within albite and quartz grains 

(pl. 19b), and along fractures. Talc replacement is particularly 
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across the zone of transition between adamellite and talc. 
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pronounced along cleavage cracks and twin lamellae in albite. 

The contact between the transition zone and relatively pure talc 

rock is ordinarily sharp, but in some places there is no perceptible 

lithologic break. The sharp contacts mark fronts of nearly complete 

replacement of albite by talc leaving only traces of feldspar in the 

talc rock. Such fronts are characteri~ed by a band of talc rock less 

than one-fourth inch thick in which a large proportion of the talc 

grains lie normal to the contact. Along the. gradational contacts num­

erous albite "islands" exist in a "sea" of talc (pl. 20a). 

The alteration of adamellite to talc rock, therefore, has involv­

ed the ultimate removal of most of the Al2o3, Na2o, CaO, and Fe2o3 
originally contained in the adamellite, it has advanced behind a wave 

of intensive Na2o and moderate MgO and H2o enrichment, a wave enclosed 

by two simultaneously advancing fronts, ordinarily showing closely 

spaced (one foot or less), sharp boundaries, but in some places more 

widely spaced and gradational. 

Alteration, of quartzite. The quartzite to talc alteration is most 

pronounced at the termination of the quartzite layer against the main 

talc body. Several talcose veins, all less than 4 feet wide and 100 feet 

long and apparently guided by fractures extend into the quartzite, other 

talcose masses irregularly embay it. Contacts between ;uartzite and 

relatively pure talc range from very sharp to gradational through 

several inches. 

Partly talcose quartzite, when observed in thin section, shows an 

association of albite with the talc. The albite grains, identical in 

habit with the newly-formed euhedral albite in the partly altered 
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In the carbonate to talc alteration shown at the White Eagle mine, 

as at the deposits in the Southern Death Valley-Kingston Range and 

Silver Lake areas, the addition of MgO, Si02 and H2o, and the subtrac­

tion of Cao and C02 is indicated. 

Conclusions 

The occurrence of zones between adamellite and talc, everywhere 

showing the same mineralogic transition inward from unaltered rock, 

strongly suggests a continuous reaction between adamellite and a solu­

tion whose composition remained essentially unchanged during the al­

teration. That the same solution also altered the quartzite and car­

bonate rocks is indicated by the close spatial relation of talc bodies 

altered from each of the three, and by the albite-·talc association sriown 

in alteration of both adamellite and quartzite. 

The solution was capable of bteaking down c~lcite, dolomite, 

quartz, potash feldspar, plagioclase, biotite, hornblende, and limonit­

ic material. In so doing it carried away Cao, Si02, K2o, Ifa2o, Al2o3 

and Fe2o3• It was also capable of adding MgO and H2o to each of the 

three parent rocks and, in addition, Si02 to the carbonate rocks. In 

the siliceous rocks, however, an envelop of albite-forming Na20, was 

pushed ahead of the principal alteration front. The albite, formed 

principally by the displacement of K2o by Na.2o in potash feldspar, less 

abundantly by replacement of quartz, was metastable in the partly 

talcose rock, but was soon almost completely replaced by talc where the 

alteration was most intense. 

The unstability of the minerals of the parent rocks may be partly 
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attributable to a temperature gradient but the marked compositional 

changes could only have been produced by a chemically potent hydrother­

mal solution rich in MgO, and poor in the subtracted materials, but con­

taining sufficient Si02 to deposit it in the carbonate rocks. 

The Na20 and Al203 added in the transition zone probably were de­

rived from nearby adarnellite in which talc alteration is nearly complete. 

The source of the MgO is less clear. The thorough pre-talc frac­

turing in the adamellite records a deformational period separating the 

adamellite emplacement and the talc alteration. Moreover, elsewhere in 

the region, post-adamellite dikes also show fracture-controlled talc 

alteration. The MgO, therefore, apparently did not originate in an 

adamellite magma. At other talc-bearing localities, such as the Hhite 

Mountain mine about 15 miles to the south, a sedimenta!'"IJ origin for 

MgO is indicated in an abundant alteration of dolomite to a punky lime­

rock, an alteration common along the borders of individual talc bodies. 

Although lime-rock of this type was not noted near the J~hite Eagle mine, 

the MgO may well have been leached from dolomitic rocks at depth. 
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1. Unaltered ad&nellite 
Sp. G.== 2.65 

2. Transition rock 3. Talc rock 
Sp. G·== 2.62 Sp. G .•• 2.82 

Si02 

Al.203 
Fe203 
FeO 
MgO 

CaO 
Na20 
K00 .... 
H2o+ 
H2o-
co2 
Ti02 
P205 
MnO 

Si02 

Al2D3 
Fe2o3 
FeO 
MgO 

Cao 
Na20 

K20 

H20 

H2o 

Chemical analyses 

69.09 64.20 
15.36 13.79 

.92 .o~J 1.55 .92 

.86 10.03 
2.31 .56 
4.06 7.361 
4.03 .17 

.34 1.85} 

.05 .11 

.02 .16 

.31+ .35 

.15 .15 

.06 .oo 
99.15 99.69 

Gains and losses per 100 cc. of rock 

-15.88 9rn. 
+ 4068 
- 1.991,. 
- 2.65J 
+23.80 
- 4.66 

+- 8.53} 
-10.23 
+ 4.10 
- 3.66 

Tu.ble 5. Chemical analyses and changes in bulk chemical 
composition of suite showing alteration of' adamellite to t3.lc. 
Analyses 1 and 2 by L. C. Peck, University of Minnesota. 
Analysis 3 by .A.. J. :i1~c.:.,.rthur, . Sierra Talc and Clo.y Company. 

61.59 
1.38 

2.16 

29.71 
.05 

.17 

4.66 

.28 

-10.40 9m. 
-38.61 

- 3.55 

+81.31 
- 5.98 

-20.95 

+12.90 

-+ ll~. 72 
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