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Gaclogie sotting of the Lountaln Pess rore certh dencoils,
- San Sernardine County, Celifornia

Yy do Ge Olson
ADSTRACT

The Hountain Pass district is in a block of rre-Casirien totoe
porphie rocks bounded on the east and south Iy the gilwwius of
Ivanpah Velley. This block is ssperated fron Polscsole and lasocsolc
gedirertary and voleanie rocks on the woesi by the Clark Lowmiolz
norzal fauld, erd the noribern boundary of the disiried iz 2 rzoris
nent transyerse fanli. The pre-~Canbrisn psianormiie cesplox soorriliso
‘& gresd v&'ie*ty of lithelegle ifypes ineluding :“ﬁ.rmtii‘smm mien
gralsces axd schists; blollie=garmetesilliinenite guelus; hernilenic
grelss, schist, and sephibolite; blotile guelos and schisty prenmiilic
greisces end migmatites; regzatiteg; and incr amountz of folinted
zafic rockse

The reve sarthwbsaring carbonsie rocks ars related to potash
rich ignsous rocks, of uncertain age, that ont the metamorphic sciplo,
The larger potagherich intrusive megses, 300 or nove foed wide, oooe
prize ocne granite, two grenite, exd four corposiie shonlzindiessreniio
bodiss, Ome of the shonldnite~nyonmiie stocks ig zors than a rile
longe Eoversl hundred relatively thin diles of those poiasivrich
rocks range in sorposition, and generally decreasing sge, fron blotiis
shenkinite theough grenlis to granite, 4 fow thin fine=crolivad abone
kinite dikes cut the granito. Those potash=rich rocks are cub oy



eagt~trending srdesitic dllws and Wy fzulis,

Vairg of corbonzte rock ere most abundand in arxd newr tho soculhe
wost pide of the largest shonidinile=gyenite body. Although nost veins
ave less than 6 feet thieck, one zuss of crrborate rock noer the Cule
phide Queen mirs iz 600 fest in maciomm width and 2,400 feet long.
© About 200 velins have been mepped in the district; their agorecate
surface ares is probebly lsss thsn cnme~tenth thab of the large core
bonats nooe,

The carbensts pinersls, which make up about 60 percent of the
veins and the large carbonits bedy,; aro chisfly caleits, dolomite,
ankerite, ood siderite, The other constituants ere Lerite, bLastnngw
sitos and perisite, quariz, and verinble suell guantddies of erecido~
1ite, UWotite, phlopopite, chlorite, muscoviie, spatite, iron wcides,

flnorite, monasite, galena, allanits, sphens, pyrite, chaleopyrito,
totrghedrite, malschite, asmurdte, cortssite, wulfonite, sregonita,
and therite, The rare ozrth oxide condent in mest of ihe carbonete
rock is less than 13 porcent, but In sous locd eomcentrstions of
bastneasito the confent in as high es 40 percent,

Tha erigin of the carbonats rocks and rolated potasherich Igneous
rocks is conslderod in the light of sixmdlar sasociztlons of cerbonale
end elkalis rocks in Swedsn, lorwsy, Bussia, South Africa, snd tie
United States. The cerbenate rock mey bave ariginated (1) es a pro=
Cazbrism lirestore o eveporite sequence in the susissesy (2) Wy
- reaction between nagra and the Palsoscle dolomite exd lizestone ovore
Iying ths pre-Conirisn complexy (3) by 2lterstion of pres~Cambrian
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gneigsas by ecanntions fron an wimowm deepe-sontad soures: o (4)

Vil

- by difforesiistion of an elkaline ragrme frop shoniinile o gyoniie

ﬁd‘;' -

to granite, leallng to a fingl cerbomste-rich Iractlon, ccrntalning
the rare elenents, which wes emplaced oither zs a comcanirsied or 2
ddlinte solntion, The fourth lymethesis is considered the nest
plausikls, |



IRTRODUCTION

Basgtnaesite, a fluccarbonate of the cerium group of rare earth
metals, was discovered in the Mountain Pass district in April 1949
by Herbert Woodwerd and Clarence Watkins while prospecting with a
. Ceiger counter. Rare earths were detected in a sample of the roek,
and bastnaesite indicated as the prodable rare earth mineral, by
E. T. Schenck of the United States Bureau of Mines, Boulder Cily,
Hevada, and the identity of the bastnneslte waas confirmed by D. P.
Hewett of the United States Geologleal Swrvey. The district is a
potential souwrce of the rare earth metals and also contains barits,
thorium, and minoy quantities of other metals.

The rare earths are used in arc lampas, alloys of light metals and
in steal; in tracer bullets, and decause of thelr pyrophoric properties
are uzed in the flinta of pocket lighters and carbide lamps. Chemical
compounds of rare earths have a wide veriety of uses in industry.
Uses in atomie research are suggested dy the excellent sbacrption of
slow neutrons by several of the rare earths. The rare earths have bdeen
obtained from monazite placer deposits in variocus parts of the world,
chisfly from beaches in India and Brazil. A little basinaesite was
nined many years ago at Bastnas, Sweden, and it has also been obtained
from placer deposits in Belgian Comgo. Bastnaesite also ogeurs near
Corona, N. M.; Jamestown and near Pikes Peak, Colarado; Madagasear;
ard in the Ural Mowtains,

During the period 1949-51, only a fev tons of bastnsesite was
mined at Mountain Pass for metallurgieal tests. Unly two mine workings
in the district, the old Sulphide Queen gold mine and the Birthday shaft



m&mmmsimmethg,mwmhwlwfeﬁdm. Yany
pits and bulldozer excavations, coemonly 5 to 10 feet deep, have bemn
made in extensive prospecting for rare earth minerals,

Fleld work and acknowledgments

The Ivampah cne-degree quadrangle, _/ vhich includes Mountain

_/ In process of publication by U. S. Geologieal Survey.

Pass neaxr its center, was mapped by D. P. Hewett dwring the period
192h to 1929. After the discovery in April 1S9 of radicactivity

and bastnaesite, an area of about 900 by 1,500 faed avound the dlscovery,
including the Birthday shaft, was mepped at 50 feet to the inch by

W. N. Sherp and L. C. Pray between November 15, 19%9 and Jenuary 20,
1950.

The geologic mapping of the district was dome by J. €. Olson
betwaen August 3 and December 7, 1550, with the assistence of E. D.
Jackson mamt, end additional information was obtained in
subsequent short visits to the area. Aerial photographs were used in
the field mapping, and the geology was transferred to planimetric vhich
vas corpliled from the photogravhs by the Topographic Division, U. S.
Geologlcal Survey, Denver, Colorado.

The Sulphide Queen carbonate body was mapped by W. M. Sharp and
J. C. Olson during late October and Novenber 1950, at a scale of 100
faet to the inch. Additional deiall was added to this mep and the area
betvesn it and the Birthday shaft area was mayped by D. R. Shawe during
October, November, and December 1951.



Chemieal and spectrographic anmalytical work has been done dwring
the course of tha mroject by both the Demver and Uashington laboratories
of the U. S. Geolozical Swrvey. In additicm, a laboratcry study of the
minerals in the Sulphide Queen cerbomate daposit was made by H. W. Jaffe
dwring the period August 1951 to April 1952, and this investigation is
still in progress.

¥Many geologists have contributed to the Mountain Pass investigae
tions through field confarences, discussions, and laberatory assistance,
Particuler acknowledgment is made of the counsel and general supervision
of D. F. Hewott, W. T. Fecora, W. C. Smith, and L. R. Page., Cordell
Durrell made helpful sugpestions concerning preparation of the report.

Prospectors and others in the district have given valusble assise
tance and information. Represenmtatives of the Molybdemm Corporation of
America, who have prospected extensively in the Mocanm shaft and Sulphide
Cueen arems, have given close cooperation arnd valusble data.

Iceation and surfece features

The Mountain Pass dlstrict ia an area sbout 7 miles lond and 3
niles wide centered near Mowstain Pass, a service station 60 miles
southwest of lLas Vegns om U. S. Highway 91, near the northeast carner
of Sen Bernardino Coumty (pl. 2). All parts of the district are
readily accessible from the main hizhway by dirt roads. The district
is 16 miles by paved highway west of Nipton, a station on the Uniom
Paeific railrosd. Altitudes range from about 4,000 feet at Wheaton
Springs to slightly over 6,000 feet on Kokoweef Peek and the Mescal
Range. Clark Mountain, just northwest of the distriet, dominates the



terrain with an altitude of 7,903 feet. The surface east of Wheaton
Springs slopes in a fow nmiles to the floor of Ivanpah Valley, about
2,595 fest in altitude. Mountain Pass, with an altitude of 4,730

Tast, 1s the highest point om Higlway 91 between las Vegas and los

Angeles,

The district i3 in part 2 gentle upland swriace, about 5,000 faet
in altitude, which has been referred to as part of the Ivanpah upland
(Hawett, 1950). Remants of this surface have been found over large
areas both east and west of Ivanpah Valley. Several pesks and ridges
in the district rise about 1,000 feet sgbove this surface. The eagtern
part of the district is chiefly a rugmed, dissected terrain betwesen
the Ivanpeh upland and the slops into Ivenpeh Valley. The central
part of the district, near Mountain Pess, is a gentle surface partly
chscured by gravels and alluvium., The gravels are several humdred
feet thick in places and have been dissected so that ridges several
hmdred feet high are composed entirely of gravel deposits. The:
gravels contain blocks and amall fragnents of the pre-Caxbrizn gneiss;
Faleozole limestone, dolomite, and quartzitic sandstone; Mesozole sand -
stone and volecanie rocks; and ignecus rocks, in various proportions
depending upon their distances from the scurces of these materials.

The climate is arld, but the district is dotted with Juniper and
Joshua trees, and pines are found near the north end of the distrilct
and on Claxk Mowntain.

Regional setiing

The Mountain Pass dlastrict 13 in a block of pre~Cambrian metamarphic
rocks & %0 5 miles wide and about 21 miles long in a north-northvest

7/



direction (Hewett, 1951). Thils metamorphic complex iz boundad on
the south awd east by the alluviwm of Ivanpel Valley, and by faults
cn tha east =nd wost sides. The wedge of pre-Canbrian rocks ifapers
t0 a point at the north end, vhere the bounding foults converge.

Within the block of netamcophic rocks, rave earth minersls have
beem foumd in s segmemt & miles long in vhich potesh-rich ignecus
rocks cecw. The arce showm 4n plate 1, about 7 by 3 miles, includes
mmmmmmiwmwnmmfmmmm
district throughout this repot.

The rormal fauld that dounds the district on the west hos heen
traced forr more them 20 milos and has been pamed the Clark MHowstaln
fault by Hewett (1951). West of the fault lies the almeat completa
sextion of Palsozole sedirents, about 8,500 feet thick, ard the complate
section of Mesozoie rocks ebout 4,000 feet thick. The uppermoat
Mesozole rocks inelunde thiek, dark red to brownish, volecenlcs flovs
end brecciss that Hewett (1950) has reported to be chiefly dacitie
in cooposition and probebly Cretacsous in age, inmamuch as they rest
upon sandatone correlated with the Jurassie Navejo sandstone. These
rocks on the west side of the fauli are downtirown as much as 12,000
feet relative to the pre~Carmbrian rocks exposed by ercsion east of
the fault. Inacmmeh as the Clayrk Hountain faull movement postdates
the potash-rich intrusive rocks and the rare eayth-bearing veins, the
aboence of thase rocks west of the fault is attributshls largely to
the mapnituds of the displacement.

The block of netamorphic rocks is bounded on the east by the
Tvargah foult, and {he rocks sast of 1t have Deen downfoulied at least

/2-



10,000 fect, largely in Plaistcceve tizme {Hewett, 13I1),
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diie roeks snd rars sarth-bearing wol.s asre oabusdant dzmedlodcly soiin
of this cross-fawil, Wt ooune huve been {uwwd nordh of it,

Several largs, sest-diprlng Shrush faulls have been oo ol by Hoedld
wooh of the Clark dourtedn fauwlt, From the fact fhnit the Clorl lonizenzn

foult cuts soverszl ecrly thrusic, snd o in furp overriden by o Intuz

-

thrust favlit north of the district, Hewetd (1351) hus comcludel Szt
ha Clark MHountain fanldy is an Inbordbrust cormel fauld snd, 1like the
thrusts, is a fecture of the Laromide oregery of $hls region,
LS L I S T ot it & o i d W\wu‘r--»
Sl Eaiddd o Lo w? i A
Fre-Cumbrian rocks in the sestorn Jodoavs reglon (Jes, for anmils,
Houett, 1331, pr, 10-1lg 2:9 an, 1313, po, Li5-348; lnczard opd Cooeh
H ¥ 2 b ? ?
1938, .. 308-309) have been divided zererally inde on older re-Cushrizn
or Archean group of gmelisses and oo oisha =ith some grenltie redis, ol 2
younger group of predominamdly pelosedinmests, Thers 1o wo Inmifoition Shnt
any of the yuurnger metassdiments are jreuent in the ounbain Foos district,
and these gonelsses ard schisba esre Bierafre gongidered as  poinbly elicy
e-Ceanbrian,
The rre-Casbrian mtacortide rocks, mhich umderilie zost of tha Youne
a
tain Pass district, ore well-foljted ia cortrmst o She laber intrusive
rocks, Uany varistias of metomerohie rocks are interisyored in wariouw
provortions in this evarlex, Distinct merrable wnlis sre fow, tub She
ccoylex sas divided irdo uniis based yponm relzdive oro criiovs of the

warirat tyses. Accordingly the cosbaobsz chown om the e of re~lashriz

geclogy (ple 3) represemt gradatiors in releoiive jro ortions of hetoroe

gerceous rock types, rather than s:uarp chasges in litholegy,

/3



-

Exircirel rock types

Amcag the rock types moking uwp this corpluoe mre dictite gnedcs
and schist, gumetiferocus in paxs; coarse-grained bisti‘;.a«gmt
sillimanite gneiss; hormblands gmeiss, schisé, and amphidolite, with
varying cmoumts of biotite, chlorite, and sugite; and quartz-mice
sehist. These banded or layered roeks, vhich are Ivohably wolasedi-
ments or mesavoleanics in yert, appesr to be invaded by grandiic
geisaes of sevexal typss. Ono type, a bictike granite gmeiss, as
souspisucus reciangular to eye-shoped, comsonly carishad-iwiumed,
graing of potash feldsper as much az an ineh long, in & {ine~gmrained
matrix of feldsyer, quartz, and blotite. This piotiie granite grelss
is stronziy foliasted aml loeally schisiosa, beomuse of (he pexallsl
arianm:hiaa of biotite flakes and potash fﬁi:lamz‘ grairs, and the
layering dus to segregation of 1ighit and dork minerala. Ancther iype,
& blotite-hornblende gneise, occwrs 1o small areas, for exxapls shout
2,500 feat . 55° W. of the Windy prospects. It 13 oldexr than the light-
coloyed granitic augen goeiss and pegrmtites and may be related to the
biotite grandite gneiss.

- The mout adundant rock type in the avea is light-cclirad granitic
augen gneiss, m;atmg chiefly of pink to vaite feldsper and gquortz
with very Little of the daxX sinsrals. The gnelss is fine-grained to
pegeatitic, and adjecent layers vary i gradn siss, The dominnnmt cone
stituemt is perthitic potsah faldspar, vhich makes up aboud Jalf the
rouk chie?ly a3 augen of crihoclase o nlcrcelioe. Plaglselase 1o
parkedly subcrdinate $o the gotash feldspar. Ouariz esastitubes 30 to
50 pereent of the averags granitic gneiss, comsomly forming thin £ilms

4



or streaks slong folisiion planes. Derk mimevsla sre practically
ebsent, although mincor hematits sud opeque ninersls copstitulss 1 to
3 pereent, end blotite, in part altered to chlorits, forus sevaral
pereent of parta of the gneiss. XNinor ruscovite or serieite sod
epidote sre pesent as alteratiom wroduets. Garmet i3 conveom in maxmy
araas’ of graaitic sugen goediss, and Ly most sbundand in those in vhich
the granitic augen gueiss alierpates with and grades into layors of
ther metamorphic rocks forminz migmmlite. The degres of develioment
of the auzen swuetwre of {ho panitic gneiss wariss in &3ffeyeont
plasss, but the feldsper augen are characiaristic of the imeias in
zoat of the dizwict.

4 chleeitic variety of the granitic augen gnelsc conbdains pink
or viaite Psldsyar aungen whish comstitute 30 to 40 percent of the rock;
guartz filxzs and stremks, paraliel o the foliaticon, 25 %o 0 pereend; and
batweaen the leldspar eyes, & greenish fine-zrained nixture of chiorite,
apidots, megnetite, hemoilte, end museorite. Loeally coarbonate vein-
lzty ccewr in late fractures. The feldspar 1z orthoclasg chiclly
with mince albite, and sericite or muscovita occwrs zs an alioraltion
poduct of the feldspay. The chlorite and magreblite axre xobebly
darived lsrsely from the alteration of blotits, dul gernmet presant in
goms layers 1s aiso largely altered to ehloribe.

Unit 2 of plate 3 15 composed chilefly of biotite graniie guedss,
vhich ceqwrs in loxrge masses nore than a thousand feet wide with only
mince bands of olher gmedisses. Thoss larpge masses grada cutuard into

/s~



mixsd gneisses in whtch recy thin layers of the blotile monite

ghaiss, 3 oot or several feet thick, altermale in 02 rroportions
with bamls of older lagyered rneluses cueh as horpblende orefcs ond
schist, bictite schist, ond minor anowrts of the yownper monitie
augem gnaizs. Tho blotllis mrendte grelcos in the thin dile.lihe bodlas,
most of which are concordont, iz generally more schishoce 4han timt

in the largor messes, and zome of the thin bodles are fiver.grained
near thelr morgine then in thedr centers,

Unit I, essentinlly & transitlon zoms hetween B epd €, 15 commpased
of the rocks of Unit I, tozothar with the ligit-eolorad swonitls sugen
greiss whish om the aversge conztitutes less then helf the 4ozl rock
¢f Wndt B, forming thin kands prralizl 4o the Dolistion =22, nors
rarely, crosg-cubting dikes,

Unit € on the we-ladhrian mup eonsisio demivantly of 1iht.

olored granitic sugen greiss in which are lsvers or lsormr forsoular
manses many feet thick of the hormblends gnediss ami sohisk, Wiotits
sehist, and othor roek types of Unit Z. Some sreas seversl humiresd
fert o mare wide are alzcat endirely granitis anemm oxioz, b in
past pizeces tho roclt is & migmtite eoxiaindng thin lovere of oiher
gneisges poroented by pronitis moteriel, The ndividiel Zands of
hoxmblende pmeiss o schist, tg schisd, Bistita-pornet awliss,
ar chloritic zranile gnelns in this migmiite, althouch of the opder
of 100 fort wide in zony vizmess, sre not persistent end car ba traced
only +with ¢ifficulby; hence it w3 not prootics) io delineste them at
tha senle of the distriet mrpinz. In ploces the lsysws of the migme
tite ave only s» imel or two thick. Germed axd sillivenite are presemt
in gsome layars in the area of Untt O, bub are meee slwwdant in Unit 3.
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Hormblende, biotite, snd zromot sve comomly altered 4o chlorite,
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places suggest possible zones of pre-Cambrian movement parallel to
the geoneral trend of the foliation For exsople drag folds. plunging
53§ , are sbundant in a zone 33 to 30 foet wide, in the pegmtitie
garnet-blotite gnelss cbout §.000 feet N 56° B of Mexican Well
Thia sone parallels the regional fnliation and 1s cut by an east-
trending andesitia dike (Tertiary 7) that is not displaced

Within a fav fest of most of ihe faults. the follation i3 camonly
dragged to spproxizate parsallslisn with the faults, and this drag i3
one of the eriterias used in trocing faults. Hear the faults, the
vlazioclase {3 cormenly saussuritized and minerals such as hornblends
and garnet are commonly alisred to chlorite, epldota, and emleite 1In
the gmeiss nser the Aviation Bezeon, for axmmple, this chloritic
alteration {3 conspicuous over a vidth of more then 1.000 feet, and
geamn to increrse nsar the Clark Mourtain fauit  In some places pear
the Clark Mountain faclt. chlcerite and epidotes ocewr on closely-spaced
shesr planes. approxirmiely parallel to the foull, that fopart a second
foliation not necessavily parallel to the pre-Caxbrian folilation

¥any of the metamorphic rocks have a lineation that pluges
generally in a dirscticn a little soull of west, almost down dip,
cormonly et angles of 55 to 70 degress. The linsstion is due to the
srientation of hornblends noedlusy or elomgate gZraims of zuch ninerals
ag feldspar. nmica, or epldote. elongete bunches of hiotite flakes or
trains of micaceous minerals, fracture intersections, and minecr folds
or ereralations The linsation appenrs to have developed durinz the
deformation and metamorphism of the region, at least part of which
occurred after all the yre-Cambrian rocks wers emplacad. The foliation
and lineation were very likely not all produced simmltanecusly, budt
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the mrtamorphizsg was long continued, and the degree of melamorphisa
varied at different places and times For example, many pegmtites
appear to have been injectad along a pre-existent planar structura,
yot the peguatites thomselves are commonly folisted, although not so
comspicucusly ss the cther rocks becouss of their coarse grain alze
The folistion in the pegmatlitos commonly parallels that in the edjacent
wall rocks, even in those pegmatite bodies that are sharply discordant
to the gneissic foliatiop A fov thin dikes of hornblendie gnediss and
emphiiboliite appesr o cut across pegmmtites and oranitic augen gnelss
and these, too. have 2 foliation approximetely parallel to that of
their wall vocks even though the bodies are discordant to this foliastion.

Tariations in the metamorphie rocks reflect verying degrees of
metamorphlam in different parts of the district TFor ewvample, the
ecmépimms augen structure of much of the granitic gnelss mey have
doveloped at a time vhen the granitic material was partly fluid or
mobile, lcecalizing the deformation in such layers, vheress nesrby
laysred gmelsses if not qulte so mobile might escmpe muich of the
defmmation that produced the augen gneisses Sisilarly, the eremula-
tions znd the coarse grain size of the sillimanite-boaring sneisses
imply different conditions. perheps greatsr lemperature or presswee,
in their formation than in the more evenly laysred gneisses in other
paris of the distriet

INTRUSIVE ROCKS

The sssentlally non-foliated intrusive rocks thet cut the pre-
Canbrisw metamorphic complex comprise two gemeral types: (1) shonkinite,
syenits, sranite. and other potash.-rich dixe rocks of composition

22



Intermediate betveen them, most of vhich trend morthwest. apd (2)
andeaitic to rhyolitie (falsitic) dikes, most of which tremd emst.
The potash-rich intrusives post_date the pre-Cambrian folistion end
antedate the Tortiary (?) andesitic dikes and some of ths faults in
the district Possidbly they are late Mezozmole, lika cortain other
intrusive and extrusive rocks In ths region, but their age has not been
definitely established The potach-rich rocks range in comprsition
from bistite shorkinite snd fine-gmined lsmprophyric shomitinite
{minstte) through hornblends and blotite tte, potash sysmite, to
grantte Many intermediste and ¢losely related types eculd no dowbt
be diatinmished in a thorousgh petrocraphie study

Shonkinits

Yhe term shonkinite in this report is used for rocks e:f“ tha
syenite elan eontalning more than 50 percent dark minerals The nanme
wag Pirat epplicd by Weed and Pirsson (1895, pp B15-318) to a melano-
erstic gyenite in the Eighwood Mowntaing of Montona, and they defined
1t sg 3 "gramlar plutonie rock consisting of essential austts and
cythaelase. and thereby related to the syenite fumily T4 mey be with
or am ollvine, snd aceessory nepheline, sodalite, eteztera, mey
be present in srmll guentities™ Although the {ype shonkinite of the
Highveood Hountalins containas minor nepheline, the faldapathoid 1z not
an essential constituent as defined by Wesd and Plrsaon, and the term
i3 wsed here in iia broad sense 39 2 gyenitic rock with more than 50
pereent dark minerals lator detalled petrographic studies of the type
gshonkinite In the Higlhwood MHowntrins have boen published by Barkadnle
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(1937), lLarsen and Buie {1933) and by larsen, Mwelbut, Suls, and
Burgess (1941).

The dark mingeal content of the shorkinits of the iowrtaln Tass
distrist 13 rarely as much as 70 pevreoant and is more comwnly nesox
50 percext. Bistite-rich syenites withk 33 to 50 percomt nafic mirsrals
ere also compoon. Ths most adundand dork mineral &3 biotite, which
ocowrs In relatively conrsa flzkes as mueh as 0.5 inchkes in dlamstor
and comstlitutes 25 4o kO percont of most of the shomliaite; hence
the rock i3 a biotiis shouikintta. Mozt of the blotiie I3 black %o

and plzochreolic haloes ars pressri but not sbundomt, Sopll flalies of
biotite are coumonly enclozed poikilitically in the coarse- to madivme
grained potash feldospoy. In porpigriile shorkinlte the blotita ccowrs
a3 phencerysts and in the groundmoss. Loeally, the bistite flakes
tend to lie parallal to one snothor, bub Lv mearly gll the choriiininis

" the blotite flakes have random orientation, lmporting rough zlistening
surfaces on veathering of the rock.

Azghibole and pyroeens e noxt 0 bictiis in shendancs and
constituta 5 to0 30 parcemt of the shoukinids, Coomom horrblenda and
augits mredoninats gmong the minerals of these grouns, b acgixdne
and soda-arphiboles such as ricbeckite and grfvedsonite are widsgrread,
The clinopyroaxenes susite and asgivine ccone, together or separately,
in amall echedral to sublhedrel mrains as meech as 0.3 inches lomg. The
relatively early sge of tha auglte In the rock Is indlcated Yy the
evidence of 1ts replaccesut by other minsrals, polkilitie onelosures
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in potash feldspar, and bdroken crysials cemented by nmixturss of
potash felispar, biotite, and irom oxides. Augite erysials commonly
are zoned parsllel ic erystal cutlines. Some cosrse maina of horne
blende have cores of sugits.

The horrblends ocours as indivigusl gralns, mostly 0.25 inches
or lass in lepgth, or as sgsregates of small greins The amphidole
is cormeon hormblends in some of the rocks, soda-anphihole in others,
and commonly both types are Presexnt The zodice amphidoles ocowr both
a8 coarse wvmmmgmammtzmsmm
fioxrous form, commonly marginally replacing grains of cormon hornblends
or pyroxens. In scme thin sections, agzgresstes of horpblends, magnetite,
and ealeite, yepresenting a former mafic minerznl, are surroundsd by &
¥elyphitic reaction vrim of sodle amphidola. The soda-arphiboles ave
charnctearized by pale bluish and greenish pleochrolisn. Not uncomenly
the placchroism varies along the langth of the grain, suggesting
varistions in soda coxmtent

The smphiboles and pyroxenaes in three shonkinite samples were
examined by Robert 3. Jones, frem vhem the following data were obtained:
In these three samples the major dari mineral, except Blotlte, is
monoclinte anmplilbole with pleochroie colors that indicate hornblends and
riesbeckite The indices and color of the hornblende range from N,
1 625, yellowish green to light yellowish green, to W, 1.695, dark
green to light yellowish brown The birefringence rangss from 0.005
1o shout O 020 The birefrinsence of the riebeckite is about 0.005,
eolor bluz to violet, and the indices range from M, 1.685 to ¥, 1.665.
Intermediats colors betwzen those given above can be necowunted for by
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izopsrphia mixtures between hormblonde and riszbecikiia. In come
crystal Tragments, distinct color differcneces from blue In one part
to Zresn in ancther probably indicate diffarences in chomicnl oompo-
gition within the frazsent the blius color possibly boing dua o
greater richness in scdium.  Spectrographic analysis of augphibols econe
taining both the Zreen and bhlus trpes indlcates high sodium am‘law

aluminum content, as In ricbeckite Aegirine wes prosont inmcnz o

typleally eneclnaing dlotite cr. lzss comaonly, hdrnblende nesdles or
Pyroxensg pricas Finer-gralnsd petash f2ldspor ocemirs in the sroundmess
af some shonkiniie with esarser blotits or aucite phenserysts. Mlcro-
perithitic intergrovths of slbite are comsom In the potssh foldapars.

but seperaie gralns of plagicelase rarely cxeesed 10 peorcont 2f the

-

rock and commonly comstitute only 1 to 3 pereomt In one thin zection,
agzragates of polash feldspar, scricllie, and caleoiie, roughly hexagenal
in cutlire suggest possible gpsoudolencite

Genarally speeking, shonkinite. syenite, or zvanitc thot containg
sodn-axphibole also containe microellne: comversely, thin zactions
twrt Io not show the scoteh-plald toimning characteristisz 52 mizrceline
genernlly hava no soda-amphibele 02 25 thin ssctions of chornkinits,
syenite, and granite exsmined 4o cheel this relatiomship, 14 contain
wierseline eight of these alse contain soda-amphibole and/for scda-
pyroxane, ard 5 of ths othsr $ contain no szphibole or pyroxcne. The
other oleven sacticns contain no potash feldspar with the characioristie

microeling twinning: of thase, 5 conlain augite or common horrblends,
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but not the soda-rich varisities, and the other 6 contain no amphibole
or pyroxene,

Accessory minerals in the shonkinite comprise sphene, leucoxene,
gircon, allanite, epidote, monasite, olivine, and locally as much as 5
percent apatite or iron oxides. The accessories are commonly localized
around and in the mafic minerals,

The shonkinite, in common with other members of the syenitic
suite of rocks at Mountaln Pass, is characterized by textural varia-
bility. The rock 1s mostly medium-grained, but ranges from fine to
pegratitic, and gradations between fine and coarse textures ocecur in
distances of a few inches or a few feet., Patches of pegmatite,
generally a few inches thick and only a few fest long, cccur here and
there with irregularly gradational contacts in the shonkinite., In the
pegmatitic parts, which are more felsic than the enclosing shonkinite,
potash feldspar predominates as a general rule and mafic minerals are
subordinate, Soda-amphibole and aegirine are the common mafic con-
stituents of the pegmatite, and sphene, zircon, allanite, and blotite
are locally present. Porphyritic shonkinite, in which chiefly biotite
and some augite or hormblende occur as phenocrysts, is cormon, and in
some of the porphyritic shonkinite these dark minerals oceur in both
the phenccrysts and the groundmass.,

The shonkinite is altered in many places, with the develcopment of
such secondary minerals as carbonates, chlorite, epidote, sericite,
hematite, and quartz. One type of alteration, eonspig:zqu: near

e -
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carbonate velns, consists of the replacement of Y

by calclte in irregular patches, veinlets of



development of sericite from potash feldspar, and a loss of color
and pleochroism from the biotite, aasociated with opaque yellow
veinlets and dark spots of iron oxide apparsntly derived from
alteration of the blotite.

Dark green chlorite-rich dlikes occur in several areas near the
Clark Mountain fault, and probably are altered shonkinite, They are
older than the faulting and ars locally cut by closely-spaced shear
planes that parallel the Clark Mountain fault. In three thin sections
of these green rocks, orthoclase and/or microcline microperthite
ranges from O to 35 percent; chlorite 30 to 50 percent, apparently
pseudomorphous aftsr biotite and amphibole; carbonate is nearly 10
percent of one section and 30 to 4O percent of the others, occurring
as an alteration product of mafic minerals, in veinlets, and apparsnt~
ly replacing feldspar grailns, Quarts i1s rare but in places makes up
as much as 15 percent of the rock, and there are minor quantitiss
of iron oxides, apatite, sphene, epidote, and allanite,

Syenite

The syenite includes feldspar-rich rocks that have less than
50 percent mafic minerals and less than 5 percent quarts, There are all
gradations in dark mineral content, but most of the syenite contains
less than 30 percent ‘mafic minsrals and some 1s almest entirely potash
feldspar, Typical syenite contains about 80 to 85 percent potash
feldaspar, 5 percent or less plagioclase, and 10 to 15 percent biotite,
amphibole, or more rarely pyroxens, GQuartz forms O to 5 percent of
the syenites, 5 to 10 percent of quarts syenite, and more than 10
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percent of the granite. Accessory minerals that ococur in variable
small amounts are iron cxides, apatite, spehene, zircon, rutile,
and allanite., Metamict thorite (?) is present in one thin section
as an orange-brown mineral of mottled appearance, high relief, and
low birefringence,

Much of the syenite is squigranular and relatively coarse-grained
(0.1-0.3 inches). In socme porphyritic types the orthoclase occurs
both as rectangular phenocrysts and in the groundmass, The more
mafic syenites, with 25 to 50 percent dark minerals, have biotite,
amphibole, or rarely pyroxena as phencerysts, whareas the porphyritic
leucosyenite and granite have phenocrysts of potash feldspar,

Syenite pegmatite occurs as irregular patches locally in shonkinite
and syenite,

The potash feldspar, which forms the greater part of the syenites,
is partly orthoclase, partly microcline, or mixtures of the twoj;
perthitic intergrowths are common, Albite or oligoclase grains
typically form 1 to 3' percent, rarely as much as 15 percent, of the
syenite, and plagioclase also occurs in the perthite and microper-
thite., In one thin section, several perthitic orthoclase grains
have strongly sericltized oval cores rimmed by relatively unaltered
feldspar. The marginal feldspar extinguishes similtaneously with
some of the cores but not wlith others, suggesting stages during
erystallization of the feldspar.

Mafie minerals such 23 homblende, augite, sodic amphiboles
and pyroxenes, and bictite constitute about 10 to 15 percent of
typical syenite, but many syenites have virtually no dark minerals.
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Cenerally speaking, the darkest rocks contaln pyroxene, amphibole,
and blotite as mafic constituents, the intermediate mostly blotite
and hornblende, and the lsucocratic granitic rocks chiefly biotite.
Some augite zrains have rims of hornblende, Most of the dark
minerals are interstitial betwesn coarser grains of potash feldspar,
but some are included poikilitically in the feldspar., In other
syenites, the maflc minerals are the coarsest grains, and the potash
feldspar forms the greatar part of the finer-grained matrix,

The soda-amphibole found in some of the syenite occurs partly
as medium or coarse grains that probably crystallized relatively
early; for example, in one thin section of tha contact of a 3~inch
dike of syenite in shonkinite, the riebeckite in the syenite is
more abundant near the contact than the middle of the dike. The
fibrous soda-amphibole, called crocidolite in this report, occurs
as a relatively late mineral replacing other minerals such as
augite, in veinlets cutiing other minerals, and in one thin section
as fine fibers in quartz radiating from marginas toward the centers
of quartz blebs that are sparsely distributed in the sscticn.
Aegirine is common in some of the syenite, For example, a thin
section of syenite from the composite intrusive northeast of Grover
Spring, composed chiefly of perthitic microcline and orthoclase,
contains both aegirine and soda-amphibole, The aegirine is pale
yellow-green and weakly plecchroic in section. The soda-amphibole
(riebeckite?), which is pleochroie in blue and violet, appears to
have formed in part by replacement of aegirine with which it is

closely associated,



Near carbonate veins the sysnites, like the shonkinite, are
conspicuously altered, with sericitization of the feldspar; altera-
tion of the biotite to a reddish-brown or bleached coler with
development of iron oxide spots; much calcite as veinlets, fine
grains replacing feldspar, and selectively replacing mafic minerals;
quarts veinlets; and introduction of pyrite. Plagioclase, which
makes up less than 10 percent of the feldspar in ons section of the
altered syenite, is relatively clear and well-twinned in ccntrast to the
much-sericitized potash feldspar, suggesting it was introduced or
recrystallized,

Where alteration is especlally prominent, as near faults or
veins, the potash feldspar is strongly sericitized and the mafie
minerals of the syenite are altered., Chlorite and chlorite-calcite~
magnetite intergrowths are pseudomorphous after biotite, and
aggregates of iron oxide and carbonate take the place of former

F:voxense or amphibole grains,
Cranite

Granite in this report appliss to those intrusive rocks that
contain 10 to as much as LO percent quartz. Almost invariably the
granites are rich in potash feldspar and poor in dark minerals, ’In
color the granitic rocks rangs from white through shades of zray,
pale lavendar, or pink, to a dark red on weathered surfaces of the
granitic intrusive on Mineral Hill. The thin dikes, shown on the
map as undifferentiated granite and leucosyenite, are predominantly
of.granite, bﬁt quartz syenites with 5 to 10 percent quartz, and
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ayenites with less than 5 percent quartsz, are common, and grada-
tions between them indlcate the genstic relationship of these
rocks, The granites range in grain size from fine to coarse. The
larger intrusives are generally coarse-grained, whereas most of the
thin dikes are fine-grained or porphyritic, with phenocrysts of
. potash feldspar in a fine-grained groundmass,
The feldspar in the granite is dominantly potassic, as in the
. syenite and shonkinite, Both microclins and orthoclase are abundant,
much is perthitic, and some equant or rectangular grains of potash
feldspar are Carlsbad-twinned. Some of the potash feldspar ia
partially altered to muscovite or sericits. Grains of albite or
oligoclase constitute 5 to 10 percent of the average granite, rarely
as much as 15 percent. Micrographic textures are present but
uncozmon

The sparse dark minerals, which generally maks up less than 5
percent of the granite, comprise biotite, hormblende, soda-amphibole
(riebeckite?), and rarely aegirine or aegirine-augite, essentially
the same mafic minerals as in the syenite and shonkinite but in minor
quantity. Accessory minerals include iron oxides, zircon, apatite,
sphene, monazite, thorift~ (?), and allanite,

Local alteration of the granite, particularly near carbonate
veins, is evidenced by the replacement of feldspar and mafic minerals
' by calcite, veinlets of calcite or dolomite with minor barite, and
veinlets or blebs of quartz, Fluorite is not uncommon as a minor
constituent in small grains or in veinleits, Aggregates of riebeckite,
fluorits, iron oxides, biotite, and chlorite in one thin section
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appear pseudomorphous after pyroxens grains, MNinor chlorite and
fibrous soda-amphibole replace blotite and hormblends, respectively,
and some pyroxene grains are altered to agzrezates of limonite,
calcite, and chlorite.

Tne-rrained biotite shonkinite .

Several dikes of fine-grained biotite shonkinite cut the shon-
kinite, syenite, and granite., They are similar in composition to
the shonkinite in the larger masses but are generally porphyritic,
with phenocrysts of biotite, or rarely other mafic minerals, in a fine-
grainea holocrystalline groundmass, The typical fine-grainsd shonkin-
ite is composed of 30 to 50 percent oxthoclase and microeline, light
brown biotite as the dominant mafic mineral, subordinate fine
amphibole needles and clinopyroxene, sodic piagioclase, and minor
calcite, iron oxides, apatite, and fluorite. The amphibole and
pyroxene are, at least partly, the sodic varieties riebeckits and
aegirine., The fine amphibole cccurs largely in a felt of randomly
oriented needles in the groundmass, but some amphibole fibers ars
arranged radially as though replacing an earlier mineral. Some
aggrezates of epidote, calcite, and blotite probably represent
former grains of augite. The feldspar, which constitutes most of
the groundmass, is in anhsdral grains mostly 0.5 to 1 mm in diameter,
Plow structure, due to the parallel orientation of biotite flakes,
is conspicuous neér the walls of scme dikes but less so toward

their centers,
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Areal distribution

The potash-rich dike rocks occur in a beli about 13 wilas wide,
from thé transverse fault, about 2,000 faet northeast of Mohawk
Hill, at least as far south as the limit of geologic mapping, a
distance of aﬁcut 7 miles in a northwesterly direction, Near the
south end of the map arsa (rl. 1), the potash-rich dikes are thin
and sparsely distributed, and ther are probably scarce or absant in
the interval of two or three milas batween the scuthern map boundary
and the alluvium of Ivanpah Vallsy. Within the district ssven
larger bodies, ranging from 300 to 1,800 feet in width, and several
handrad thinner potash-rich dikes about 1 to 30 foet thick znd as
mich as 3,500 feet long, have been mapped.

The more silicic of the intrusives, especially those containing
quartz, are relatively reaistant to weathering and stand out as
ridges and peaks. The biotite-rich dark intrusives, however, are
more friable than the other rocks, erumble relatively easily on
weathering, and comuonly form areas of low relief, Jointing is
conspicuous in some of the lighter-colored imtrusive bodies, but the
shonkinite 1s less Jointed and dscomposes into rounded massas by
spheroidal weathering,

Shénkinite, syenite, and granite form dikes throughout the
district, Most of the dikes are tabular bodiss, in censral parallel
with the foliaticn in the gneiss, ind they are concentratsd near
the 7 larger intrusive bodies, On the average, the thin dikes,
whether of shonkinite, sysnite, or granite, are finer-zrained than
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the same rocks in ths stocks, and porphyritic variaties are aﬁundant-
ly represented in the dike rocks,

Most of the thin dikes are easen;ially homogensous throughout
their extent, but a faw are compesite., For example, about 3,800
feet N. 85° W. of the Windy prospacta, a nearly vertical composite
dike 6 to 9 feet thick, exposed for a length of 50 feet, is made up
partly of shonkinite or biotite-rich syenite but is largely hormblende
syenite and leucosyenite, Another composite dike just south of the
Hineral Hill granite body is 20 inches thick. The lower half of this
dike is light-colored biotite syenite, and the upper half is a slightly
younger injection of finer-grained quartz-hearing leucosyenite.

Inclusions of oldser rock are less common in the thin dikes than
in the 7 larger intrusive bodiss, but are found occasionally., For
exampls, about 5,500 feet 3. 5,° E. of the Highway Maintenance Station,
a fairly fine~grained biotite-~rich syenite or shonkonite dike, 6 feet
thick, cuts sharply across ths pre~Carbrian foliation and has flow
structure parallsl to tha contacts. Near the center of the dike are
several slab-like inclusions of granitic augen gneiss a foot or less
thick, in which the foliation is parallsl to that of the gneiss wall
rocks but at an angle to the attitude of dike and inclusions., The
dike is cut by many calcite veinlets, some with purple fluorite.

Composite shonkinite-syenite stock near
Sulpnide Queen mine
The largest of the potash-rich intrusive bodies in the district,

the composite shonkinite-sysnite stock north of the Sulphide Queen
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mine, is about 6,300 feet lonz and 1,800 feet in maximum width,
The long dimension of this mass is N, 65° W., discordant to the
general trend of the pre-Cambrian foliation which is variable near
the intrusive but probably averages about N, 20° ¥, The irregular
intrusive contacts dip southwestward at angles mostly of 25 to 70
degrees, but in several places tha contact is formed by steeply
dipping faults trending about N, 60-70° 'Y,

The stock is composed chiefly of shonlcinite which radaes Into
irregular, small, erratically distributed masses of hernblende or
blotite syenite, or pink syenite composed of 80 percent or more
microeline, some blotlte, and a little amphibols or pyroxena, that
a}e not differentiated on the map of the district, ¥any contacts
between shonkinite and syenite are gradational, but some are sharp.
Locally, small shonkinite fragments are enclosad In syenitic matrix,

The shonkinite-syenite complex is cut by many dikes of generally
finer-grained granite, pink fine-grained syenite, and a few dark
fine-grained dikes of shonkinitic ccuposition, The later dikes, like
many of the carbonate veins, appear to have been emplaced in fractures
in the shonkinite-syenite mass and adjacent pre;cembrian gneiss,
because of their parallelism in certain areas, sharp angular inter-
sections of segments, generally fine grain, and sharp contacts that
locally have relatively fine-grained chilled margins, Most of the
dikes are a few feet or a few inches in thickness, but exceptionally
they are as much as 200 feet wide, Thoy are nearly vertical or dip
steeply south or southwest on the avaraga., The largest and most

abundant dike rocks are granile and fine-grained pink sysznite, About
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half a dozen dikes of fine-grained shonkinite have been mapped,
the largest of which is about 1,000 feet long and 10 to 30 feet
wide, The dark fine-grained shonkinite dikes cut the granite
dikes in several places, indicating their relatively late age.

Local alteration of the shonkinite, esvecially prominsnt near
some carbonate veins, yields a light-colored rock in which the biotite
is altered to a pale reddish-brown or nearly colorless mica; calcite
is abundant as fine grains selectively replacing some grains that may
have been amphibole, pyroxene, or plagioclase, or as veinleis with
minor quartz; and the microcline is locally altered or replaced by
sericite and calcite, A little pyrite has been introduced into the
wall rocks adjoining some carbonate veins,

A few small inclusions of gneiss, 10 to 20 feet across, occur
within the shonkinite, Along many of the intrusive contacts a breccia
zone perhaps 10 feet thick occurs in which fragments of pre-Cambrian
gneiss are enclosed in and partly replaced by syenitic or shonkinitice
material, Jome of the gneiss fragment5, in which the follation is
still discernible, contain crystals of potash feldspar, in part
zoned and having cores of slightly different color than the rims,
that appear to have grown in the gneiss fragments and imparted to
them some of the features of the syenite or shonkinite, Cne of the
late fine-grained shonkinite dikes, at least 400 fest inside the
shonkinite-syenits stock, contains numerocus small slab-like inclusions
cf gnelss.

Near the contact about 1,000 feet east of the Sulphide Queen
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mine the stock consists of a complex assemblage cf shonidnite,
dark biotite or hornblende syenite, pink biotite or homblende
syenite with only minor dark mineral, pink leucosyenite, quartz
syenite, and granite., Althouch impractical to map in detail at
the scale of the district mapping, these small irregular rasses
show a sequence of intrusion in order of decreasing basicity.

In this part of the intrusive body, relatively coarse-grained
biotite shonkinite cccurs in a thin zone along most of the contact,
and nurerous fragments of it are included in quartsz syenite and
granite, Inch-thick dikes of lighter-colored syenite cut darker-
colored syenite or shonkinite, and one specimen of porphyritic
pink syenite shows a fine~grained chilled margin against shonkinite,
The gneiss adjoining this part of the stock locally contains
abundant biotite and potash feldspar that appear to have been

introduced or reconstituted from the pre-Cankrian gnelss,
Shonkinite-syenite bodies northeast of Grover Springs
7

Northezst of Grover Spring are two composite shonkinite-syenite
bodies separated by about 400 fest of pres-Cambrian gneiss, Both
intrusive bodies are elongate in a northwesterly direction and appear
to dip about 45-60° SW. The southeastern body is about 1,750 fest
long and the northwestern about 1,250 feet long. Their similarity
in composition and structure suggests that they may be rarts of tha
same mass connected at depth, Many thin dikes of granite and a few

of syenite and shonkinite are concentrated in the gneiss just west
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of these intrusives and gsnerally paraliel the foliation,

The general distribution of the threse principal rock types
making up thess two shonkinite-syenite inirusives is shown in
plate 4. Tna viotite shonkinite is cumposed generally of 50
percens or more biotite and pyroxene, about 5 percent {ibrous blue
soda-amphivole, and the remainder largely pink orthoclase. This
rock ranges {rom fine- to coarse-grainsd, vut is someshat finer-
grained on the average than the lightaer-cclored syenites in tais
iﬁtrusive body. Irreguiar masses of the biotite shonginite occur
near the contacts with gnsiss, as showm on the map, and small
masses too thin to show at this scala form a discontinucus zone at
many places along tine contacits with gnoiss. Locally the grain size
diminishes within a few inches of tias contact, The shonkinite is
cut by thin dikes and irregular pegmatitic patches of lighter-
coiored syenite, and a few inclusions of the shonkinite occur in
syenite of the main body and nearby syenite dikss, demonstrating
the shonkinite to be the oldest type in the composite intrusives.

Most of the southern half of the soutiieastern intrusive is

(e pf, 5'/?)
composed of maflic syenitg? slizhtly mere felsic than the shonkinite,
The mafic syenite contains on the avsrage 25 percent blue ampnibole
and clinopyroxena, 5 to 20 percent biotitse, and the remainder
largely pink potash feldspar. The zrain size is medium to coarse,
but locally becomes somewhat finer within about a foot of the contast
with the shonkinite,

The greater part of the two intrusive bodies northeast of Grover
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Spring consists of more felsic syenite, containing less than 5
percent dictite cn the average, about 5 to 15 percent blue
amphibole and cliinopyroxere, and the remainder pink, orange, or
fiesh-colored potash Zeldspar., The rock is almest invariably a
nade of red because of the high potash feldspar content and
abundant iron oxide stains, Contacta betweern this red syrenite
and the mafic syenite or shenkinite are commonly sharp, and the
grain siza of the asyenite appears to diminish 8lightly within a
few inchas of the contact, Inclusions of shonkinite occur sparsely
in the syenite, chicfly near the margina. They are somewhai
altered and contain spotly coarse crystale of potash feldspar that
appear to have replaced part of the inciusions, Dark minerals in
the syenite are slishtly more abundant within a2 faw feet of the
north and sast marzins, and locally near the inclusions ¢f shonkinite,
than elsewhers, A feow ilhin dikes of syenite cut shenkinite, These
contact relations and the inclusions of older syenitic rcck in
younger suggest that the syenite, mafic syenite, and shonldinite are
separate though closasly related injections,

Several thln dark dikes occur in the syenite. One of thess,
about 2 inches thick, is rich in blotite, darker than the syenite;”
but more felsic than typical shonldnite, Another dark dike-like
body of shonkinitic composition, about a foot thick, contains fine-
to medium~grained blotite, aegirine, and soda-amphibole, in a fine=
grained feldspar groundmass, The dike-like body is discontinuous and
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syenite, The contact between the dike and the syenite is marked by
pegmatite, less than an inch thick, composed of potash feldspar,
aegiring, and quartz,

Smail patches of syenite pegmatite are common near the margins
of these composite intrusives, The pegmatite consists largely of
potash feldspar with both fibrous and coarsely erystalline blue
amphibole, aegirine, and very little biotite. Small wvugs lined
with quartz, or of quartz and minor specularitp, are found in peripheral
parts of the syenite and in the adjoining gneiéa. The foliation of
the gneiss is disturbed locally near the shonkinite-syenite bodies.

At the south end of the southeastern intrusive body, the
granitic augen gneiss within 100 feet of the contact is cut by many
small dikes of syenite and granite, Near these dikes, the pre-
Cambrian gneiss is partly replaced by syenitlc material, potash feld-
spar grains having developed in the gneiss, Some of the syenite near
this contact 1s composed of 50 to 85 percent microcline and microcline
perthite,éwhich occurs in subangular grains Phat are partly lizht and
partly dark gray in hand specimen, In thin section, the dark portion,
which commonly forms a border arocund a relatively clear core, is
found to be potash feldspar with the same cptical orientation but
crowded with many dusty opaque particles, probably hematite, Coarse
grains of &his microcline are separated by interstitial quartz with
ninor opaé;s minerals, hematite, amphibole, and biotite which form O
to 25 percent of 4 thin sections of these rockg. One of the specimens
has a gneisslc structure like that of the pre-Cambrian granitic gneiss,

Other minerals that constitute a fraction of a percent to 5 percent cf

s



Plate S5A.—Rounded outcrons of syenite and mafic syenite
northeast of Grover Sprirg.

Plate SB,—Grenite of Mineral Hill, from west, Dashed lire
indicates approximate contact between granite (on ridge) and
surrounding pre-Cambrian gneisses and pegmatite.
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the L sections are biotite, arfvedsonite, zircon, opaque minerals,
sphene, albite, muscovite, chlorite, allanits, and epidote. CQuartz
occurs in myrmekite and appears to replace soda-amphibole and other
minerals, Some epidote.grains have cores of allanite, Sphene is
commonly assoclated with the opagque minerals., The soda-amphibole
(arfvedsonite) is pleochroic with X, light blue; ¥, violet; Z, pale
greanish gray.
Shonkinits~-syenite stock southeast of
Highway Maintenance Station

The composite shonkinite-syenite stock about 4,000 feet south-
east of the Highway Maintenance Station is about 2,000 fest long in
a N, 45° W, direction and 300 to 600 feet wids, Bilotite shonikinite
or dark blotite-rich syenite constitutes roughly half of ths stock,
occurring along the northeast side of the body almcst throughout its
extent, Pink sysnite makes up most of the remainder of the body,
mainly along its southwest side and as small dikes or pods in the
shonkinite, The pink syenite is mostly potash feldspar, with a very
few percent of amphibole and pyroxene, Dikes of granite, containing
5 to 25 percent quartz and very little dark mineral, cut the shon-
kinite., The shonkinite is altered locally to irregular light-colored
patches in which the altered biotite is nearly colorleas, Veinlets
of carbonate 0,1 to 0.3 inches thick, and of the fibrous blue
amphibole crocidolite, are common,

The irregular northeastern contact of the intrusive body appears
to dip about 50° SW. on the average., The southwest contact is partly
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a nearly vertical fault and partly an intrusive contact with the pre-
Cambrian, which is dominantly granitic augen gneiss, In places near
the syenite or shonkinite the gneiss 1s impregnated with feldspathic
material, In one place near the south contact, pre-Cambrian gneiss
is brecciated, and small gneissic fragments, an inch or two in
diameter, are enclosed in fine-grained syenitic groundmass. The
syenitic material in this breccia is about 80 percent orthoclase,
clouded with dusty inclusions and alteration products; about 5 percent
each of quartz, actinolite, and opaque minerals; and minor amounts of
epidote, biotite, apatite, plagloclase, chlorite, and sericite,

Two thin sections were made of rocks, near the northeast contact
of the intrusive, that megascopically appear to be impregnated by
feldspar and quartz from the intrusive but retain some of the gneissic
structure, In thin section these rocks consist of 35 to 4O percent
quartz, 10 to 20 percent myrmekite, 20 to 40 percent orthoclase, 20
percent albite in one section, and minor amounts of biotite, opaque
minerals, chlorite, muscovite, and apatite, The vermicular quartz-
feldspar intergrowth, myrmekites, appears to have formed through the
partial replacement of orthoclase by albite and by quarts, particularly
near the borders of crthoclase grains, Many of the irregular quartzs
patches that appear to have formed in the rock by replacement are
bounded by abundant biotite and opaque minerals, The wall rocks
adjoining the stock contain occasional blebs or pockets of quartsz,
commonly with specular hematite, similar to those associated with
the other intrusives south of Uy S. Highway 91,
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Sonts

Local contect metarorphisn, restricted 4o pre=Gauirian gnelsses
nagr the polash-rich iznoous rocks and carbonate rocizg, has leen
rentioned in the descripiicns of the 7 shomiinitsesyenito-granite
bodiss, Those eontact altorstlons have not boen studisd in datall
petrographieally, but cerbain fostures heve been noted thal suggest
the locsl dévelopment of contact vocks ty a process siin to the
fanitization of E;ﬁaggar {e<. Br:ggar, 19203 Von Zekermann, 19483
Aderson, Y0445 Diwey, Smith, snd Bipset, 1937%; end others listed
in bibllography)e

Loeally neer the contacts of the Houmialn Pasg Intrugive bodles
the quartz Is recyystalliszed and rodistributed, comverting sore
gralzsoe to quertsepoor gronitic rocks, end forming blabe,
veirlets, and irregnler pols of queris, sommonly without wavy exbingis
ion, in otharss The rocks are locally reddenmsd, chiefly through
disssninated homatdie exd ircn stainming along fractures, Ricrocling
grains have formed along foliation planes in the greiss, tending to
obliterate the fdllation. Ilerovelires pertldts grains ere cormonly
soned, the cores comtresting in color with the odges. Mbite and
guaris roplace some nicrocline, pertlexlearly pesr the marging of
grains, forming myrmeikdis, Frosh wmealtered graivg of alblis are found
axeng sltered and sericltlsed polash feldspsr grains, as though ro-
cryetallized or introduced. DBiotite, soda-emwphibols, and sodis
yreors have bean indroduced or rocxystallized in soro of the contact
rooks, Croeidelite has forzed aloang seacs or veinlets in both ine
trusive and edjasent well rocks, Dreccia composed of feldspathized
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pra=Canirisn gredss Blocis Lo grandie or gysndiis L1z congplousus

ey 5

% 2 S oaL . T2 &M LI ot vy pa ke 2a &
along tho sast gide of iw llirersl HIZD mranlle Dody. Twrpouonts ol

-

pre=Canbrien gnediss in the lweccia dininish Im size anmd muaier towssd

the inner pext of the Mineral 11 Intrusive body wideh iz alzoch
artirely grenite =nd gyonite.
Caretic sonuonce
Tho cequanse of intrusion of the Ilgmaous roeln is the core

throughotd ths district, ss L2lustrated by ermowrlas fron the vorloun
Intruoive bodios deseribed. The oldsot of the potesherlch reclz I3
the gherldnite, which 1z generally courseegroived, The shonlindie
grodes inte ard io eud by slishily later greniter, and tness in tum

are transected Iy still lator, prograssively flimoresroizad, -ink

gronite end preniie, Dark diles of shorkinile, flzererraizsd con tin
gveress then the sheniddndie of the larger sloci, eub flo renlio ool
are e yougest of tho potasbwrich rock sequencs whorover ths 00
relntiong sre cloerly establlisked, Tha relatlon of caxboncie rocks
to the dark dikes is not conelusive in overy emee, bubt in these whers

the asvidence is clag> iths covbonats rocks ~ub across 4he derk Dirow

greined shondndtie dilms znd hence zre ryourgor ilmm ol Lo nolonie
rich intrusive rocla,

Aca

The potepberieh dile rocks sre ossenilelly nonfolisted, cul aowozz
tho pre~Canbrien folistion, axd sve cubt iy the Teriiars (7} ardesiio

dikes which were expleced in frsciures, Tho »otoshesdel rocla vy e



sy ege from pre~Gasirian to Tertlary. Lost of iho faults shown on
the geclogle map are youwnger thas the potssherich ignscus rocksy bub
gsore faulis with sledler tvends spperently conirolled im part tlhe
shonkdnitawgyonite=granite intrusives, For exmmple, the granite dikes
3,300 feet 3. 30° Z. of Crover Spring, tronding cast serces tle
ghenkdinitewsronite stock, are probadly fauli~controlled, ss a fauld
songe bas bean identifiod both sast and west of them, This pre=
granite siructure iz roughly parelleled Ly theo later andssite &ils
gwerng, Ancther exerrla is the nortimest-trending fauli zora thet
erossas the largs corbonste body neer the %ulpﬁide Gueen mine, which
18 Teter than tho esrbonate rock but is 1tself ailicified end minerale
izmed probably lzfe in the serw perded of colelte~berllesbosinzenlte
rivaralizaticn, This suggestidive relationship to periods of feuliing
in the district ralma s late Cretacsous or Tertismyy sge of ignoous
sotivity plausille but wmeortaing |

Volcanie rocks of probeble Crelacoous age ogouxr in the lescal
Rangs pouth of Hescal Springs 4 ocrrelstion betwsen these volcanic
rocks aixl the poltasherich dile rocks 21s possible ut not proved, as
the voleenic rocie wore not studied In detail in this lmmetigetion.
4ocording to Zewets (195C) thoso volcanic flow breocias sre nainly
dacitic in conposiilions They reet on Jursssic sexdsione mnd, on the
wost, are overridden iy Palscsclc sodimonts slong tho Masosl thruste.
The volcaxic rocks are dewmthrown 10,000 to 12,000 feet along the
Clark lountein faull, relative 1o the gnelsses sast of the feult.
The ordginal position of the volesnic rocks before faulidng must
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heve bDeen negarly zhbove the graniis of Limersl B, es shom In
erovs=seotion et (pl. 8) threugh tho volesnie rocks erd the
gronite of Uipersl Hill. Therefore the grazite, and pessilly other
intrustve bodiss in the dlstriet, may renrocent corduits for the
Cretecacus volcanle paterislas, but 4his ip merely & possibility

and is by no poans rroved.

Gther ignoous rocks of Cretzescus or early Tertisry age ore
knowm in tixls regions For example, porpiyritie czrinoclase~rich
dile rocks (srsnite porplyry) in ths Coedsprings disiriet ere thought
by De Fo Howstt (1931, ppe 38, 38, 54~55) to have been intruded in
lnte Cretacecus or exrly Tordderyr 4ire, provezbly the latier. I.%%at{;
(19314 ppe 38-39) alzo descrilos dikes, cenplazeriary to
the granite porphyry dikes axd also irdruded in the same epoch, pro=
ceding ore depceitden, from 3 Jeenlitias in the Goodsprings quad-
ranglae 1o the soutbwmsstern pert of the Ivanpnh quairangle, neer
the south end of 0Md Dad Yountain, Hewett (1951) has mapped a laxge
bedy of granmite thet intrudes flow brecciss sorewhat like these in
the Mountain Fass districts This grerite 1s relstively rich in
potash exd thus nove closely recemtles the gyonite and granite at
lountain Procs ther gy otber known in this roglon.

Larmproplyres end acldic dikes of the Searles Leke quadverngls
are roporbed to be pree~siddls ldocers and postelowsr Crutacsous,
probebly cerly Zocons I ege ((llin, 1934). Carpionile dikes, gensrw
ally nol move then 2 feet wide, intrule Cerhoniforovs ard Jurmsgle
rocks of the northorn Argus Renge mad grenitic rocks in the hills



west of Daxwin, Hopper (1047, pe 413) tentetively correleotes thase

1th the sirdtlsr Zocero(?) dilss of tho Sesrles Lzlo Guedrenzls
deseribed ty Hxlin. Alkelic syenite axd rmlaniteeserieline syenile,
outting Palsczole dalonide in the northorm Pansmint Rerge, kove boen
deseribed Yy LeAilister (1940).

Diks recks rengirng fron hessli to rhyolile, bud gonerally pivloe
gitic in composition, trend cactwrad ip contrzst to the northwoplerly
trend of the potasherich dikes and the pre-Camizian follstion, These
diles eve youngor than the potasherich dike rocke, which they cub,
but oldor then some of the feauliing. They are probebly Tertizay,
1ile otteyr sizdlar dile rocks In the reglon. Tho sndesitic zxd siyow
Yitie dikes ronge frenm aboud 1 to 20 feet in thiclress, ond sore are
pore thar e mile In langihs

The andenitie diken very considerably ln compopition snd toxmiura.
ey ere desnee fine-greined rocks, M%mwgwiaems Weank,
bromm, buff, erpimds& shedes are slso founds The range In conposie-
tion i3 ne doubd grester then the nexe Lmmlies, ns sore ave basalide,
although moet gre probably endesliic, Only a few of tliese dike reocis
hive been studied in thin sections, Andecine is the chied coustituent
erd mekes tp aboub €0 parcent of the rceé:,r &8 srell lathesheped pheno=
crysia shout 1 mm long ard in the groundmecs, Light Wwowmn plsochroie
horphbintrde, with ex%imticﬁ angle of 20 degrecs, peles wp choud 20
poreont of coe secilon, cecurring bobh in pherccrysts =xd grourdress,
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dugite constitutes sbout § percent of anolher secilcn, OUpsgue zinersla
nske up 1 to 5 percant of ths rock, Rarely quarta Is precent in sr2dl
rourd grains, Toe ardesite is commonly alierod to chlorite, esrbonsie,
iron cxides, epidole, sorpeniine; serlciis, ond seoliiss, fvcul 20
poreent of one thin gssction 1s en isolropic substance, probatdy chloro=
phaelta, presumed to be an slteratlon product ef a forperly placsy
grourdress. I’ﬁrp%zyritic verietles, having phenocerysts of plagicelscs,
bornblonde, or sugite, sre not uncommen, and spherulitic texture was
fourd Jocellye.

The andesite dikcs ceour in four meln arezs or pwarms, Within
thece FErTS tap dikes trend generslly esstwerd or slightly nortih of
east, roughly parellel to one enother, but brenching is compon, Con=
tects with wall rocks are lovarlzbly sberp, Clesrdy the andesiite dile
cwarms were eiplaced in freetures, Soxe of the fractures are pro=-
andosita, with obviocuz though probably susgll displecsment shown Ly
the offset of pre~Caxbrisn unita or potesherich diks rocks, sost of
the dikes are pesrly vortiesl, but a faw thin bodles have dips ss jow
as 40 dogrees. The fraciure systen wes by for the kost lmperbensd
ecntrol in thelr emplacerant, but the pre~Caplrian foliation conirollad
a fow of the branching diles. The faet thet andesitic diles were rot
obsarved in the sedirernts imredistely weszt of the Clark Lountein faull,
even thouch mrny of the dikes In the pro~Canbrian aren grpesr to intar=
gect the fanlit, sugreste that sove postenrdssite roverent has probebly
cceurred on the Clark Hounbain fault,
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About helf a dosen riyolite diles were distinguished fron the
ardesitioc group, to which they sro probebly related structurally.
These falsitis dikes ccour mostly within half a mile of U, Co lighway
91, ard ttelir gomerel esstorly trexd 1a naralliel to that of the
andesite dikes, The riyolite dikes sre as much ap 12 faet tiick and
2,000 feel long. The rhyolite iz chally wiite or pels groy in e¢oler,
ard, like mary folsitlc dile rocks, it commonly hes & flow structure
or shesting pernllel to the wells of the dile,.

The fire-grained, altered foldepar that rmakea up &0 to 70 percent
of the folmitis rock in one thin seetlon is probebly orthoglisce in
large pari, s it i3 wriwinmed and the refracilve indiess pprosr to
be leps then l.53. Fine grains and thin veinlols of quartz constitute
about 30 percent of the rhyolite., Einor constituents include zpatite,
lsvcoxene, muscovite, zircon, erd blebs asnd veinlots of celeite and
iron cxides. -
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CARBCHATE ROCKS

The rars earth minerals occur in déposits characterized by
abundant carbonate minerals, barite, and quartz. These constitu-
ents have been deposited along mineralized shear zcnes, in veins an
inch to about 20 feet thick, and in one remarkable carbonate body 2,400
feet long and as much as 600 feet wide.

Hineralogy

The carbonate rocks consist chiefly of calcite; dolomite,
ankerite, siderite, quartz, barite-celestite, locally bastnaesite and
parisite, and small quantities of many other minerals including crocido-
lite, chlorite, biotite, phlogopite, muscovite, sphene, allanite,
monaszite, magnetite, hematite, limonite, galena, pyrite, chalcopyrite,
tetrahedrite, malachite, azurite, cerussite, aragonite, wulfenite,
fluorite, apatite, thorite, and an unidentified rare earth calcium-
magnesium carbonats mineral.

The predominsnt carbonate minerals in the depocsits are calcite,
dolcomite, ankerite, and less conmonly siderite. The carbonate minerals
range from white to cream-colored o} gray. The weathering of ankerite
or siderite causes limonite staining in and near the veins, and the
daric brown color of sope weathered surfaces suggests the presence of
manganese locally in the carbonate. In some thin sections, hematite
or limonite occurs parallel to crystallographic directions in the

cartonate mineral from which it was probably derived.
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The carbonate minerals make up at least half of the material in
most veins, but they range from 0 to 100 percent. Calcite pre-~
dominates in most of the Sulphide Queen carbonate boedy, which is about
60 percent carbonate mineral, but one variety of rock found in the
mass is dolomitic., In paragenetic sequence, the carbonate minerals
appear to be among the oldest as well as youngest minerals in the
deposits, In the Sulphide Qusen carbonate body, calcite and dolomite
are cormonly sheared, giving the rock a foliation, and crocidolite
and bastnaesite are concentrated along the foliation planes., Late
calcite replaces barite and occurs in veinlets cutting the other
common minerals, Calcite and quartz were deposited at several stages,
as shown by veinlets of on2 cutting another. The aragonite in veins
traversing the Sulphide CGuesn carbonate body is avparently the latest
carbonate minersl deposited.

Barite is a widespread vein mineral, in amounts that range from
0 to 65 percent chiefly, although some veins an inch or two thick are
largely barite; Barite constitutea as much as 65 percent of the rock
locally in the Sulphide Gueen carbonate body, and averages 20 or 25
percent of this mass., The barite contains variabls amounts of strontium,
and some of it is nearer celestite than barite in composition. The
barite in the veins and the large carbonate body typically occurs as
coarse tabular or oval grains of white to pink or red color. 3Some of
the barite has curved cleavage planes, and polysynthetic twinning is

common in thin section.
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In addition to the coarse grains, barite also occurs as fine-~
grained veinlets, with or without gquartz, along shear planes or frac-
tures cutting other minerals of the cartonate rock. In parts of the
large carbonate body, fracturses in large barite crystals are filled
with a later aggregate of barite, bastnaesite, and quartz, Locally,
coarss grains are partly replaced by calcits or quartz, and se<lective
replacenent of barite by quartz was noted in several thin sections. In
one thin section from the vein at the Windy Mo. 1 prospect, which is
at the north end of the Windy group of prospects shown on the map,
barite surrounds quarta crystals and lines cavitifs as though deposited
after the quarts. These examplss indicate that barite was derosited
at several stages in the paragsnesis,

The rare earth minerals thus far recognized in the veins and
carbonate rocks include bastnaesite, parisits, menazite, allanite, and
an unidentified rare earti—bearing carbcnate mineral. Of these the most
abundant i3 bastnaesite, which constitutes 5 to 15 percent of much of
the large carbonate body snd locally exceeds 60 percent. In the thin
vsiné, the bastnaesite content ranges from O in most of the veins to
rare concentrations of 60 percent or more. In color the bastnaesite
is various shades of pale cream, yellow, gresnish-yellow, reddish
yellow, and reddish brown. Kost of thse grains are tabular, Rarely
in high-grade veins the grains are 2 or 3 inches long, but most sare
less than an inch, and in the large carbonate body many of the bast-
naesite tablets are no mors than 1 mm in length. In addition to the
tabular form, small hexagonal prisms of bastnaesite are found loeally
in the large carbonate body.
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The properties of bastnassite from other parts of the worid are
summarized-by Glass and Smalley (1945). The mineral has teen found
at Bastngs, Sweden; Ruanda-Urundi, Belglan Congoj; Madagascar; Kychiym,
Ural Mountains, Russia; Gallinas Mountains near Corona, New Maxico;
Jamestown, Coloradoj and'aﬁ\St. Peter's Dome near Pikes “esk, Colorado.
The Mountain Pass bastnaesite at the Mocam shaft, as determined by
Jewell. Glass of the U, 3. GCeological Swcvey, is uniaxdial positive,
with indices of 1.722 and 1.823, ard birefringence 0.101. Optical
properties, chemical composition, and X-ray powder diffraction pattarns
are similar to these propertlies of other bastnassits.

The bastnaesite grains in thin section generally havs good crystal
form and are very rarely altared or replaced by other minerals., They
are set in a matrix of carbonate or various propertions of carbonate,
quartz, barite, limonite, and other minerals. 3Some of the crystalsa in
the thin veins are broken and the fractures £illed by mixtures of
carbonate, quartz, and barite, suggesting a relatively early aze para-
genetically. In the Sulphide Queen carbonate body, the small basinae-
site crystals are mostly interstitial to the coarser eyses of harite,
arxd are commonly associated with salcite, quarts, amd locally crecido-
lite in and pear shear planes that curve around the barite grains, In
some parts of the mass, fine-grained quartz-bastnaesite aggrezatas f£ill
fractures in coarse barite ;rains. Theses featurss suggest that bastnae-
aite, like the other common minerals, has formed at mere than ocne 3stage

in the paragenetic sequence,

,,,,, Monazite is found as brown or reddish brown crystals in ths largs

carbonate body, chiefly in the dolomitic parts, and it is presumed to

be present in some of the rare earth-bsaring radicactive shear zones
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in several parts of the district. Parisite has been definitely
identified only in ard near the Sulphide Queen carbonate body, where it
ocours locally in small guantities in the carbonate rock and one granite
sample. A rare earth mineral, as yet unidentified, composed of car-
bonate of calcium, magnesium, and cerium earths (Jaffe, 1952), has
thus far been found only in an area about 150 feat in diameter in the
Sulphide Queen carbonate body.

Quarts occurs in the veins in various proportions, generally from
5 to 40 percent but ranging from O to 100 percent. A few veins that
are essentially all quartz are as much ags 6 feet thick. They are
found chiefly near granite intrusives and along several silicified
fault zones, such as the one north of Wheaton Wash and another north-
west of the Windy prospects. One quartsz vein as much as 6 féet thick
and several hundred feet long cuts shonkinite and metamorphic rocks near

Bicth
the

shaft.

The quarts in the carbonste veins is generally fine-grained., It
commonly occurs in thin veinlets , alone or with barite, carbonate, or
bastnaesite, cutting earlier-formed carbonate rock and locally replac-
ing certain minerals., Some tabular or oval barite grains appear to be
salectively replaced by quarta. In one thin section of rock near the
south end of the large carbonate body, the quartz appears to have
been deposited in three succeasive growth layers, in cavitits formed
by leaching of calcite, which is absent from this rock, In other
sections, calecite surrounds quarts crystals. 4&s in the case of the
other common minerals, the paragenesis of quartz is not simple, and

it was deposited at several stages which are generally late in the

sequence.



Sulphide minerals that have been found in the district in small
quantities include galena, pyrite, and copper-bsaring sulphides such
as chalcopyrite and tetrahedrite. Pyrite has been found in the veins
and altered wall rocks underground in thgﬁgg%ggjand 3ulphide Queen
mines, and weathering of pyrite may account for some of the limonlte
staining fourd near the veins at the surface. Azurite and malachite
that occur sparsely along fractures was perhaps derived through the
weathering of copper~besring sulphides., Small grains of galena are
scattered through the veins and large carbecnate body, and cerussite
has teen found in a pit 1a the northern part of this body. A Zfew
grajns of wulfenite, lsad molybdate, have been found on the dump of
the Birthday shaft,

The carbdbonate rocks cqntain a variety but szall quantity of
silicate minerals, such as crocidolite, the fibrous blue soda-amphi-
bole; phlogopite and blotite; muscovite; chlorite; allanite; sphene;
and thorite. Phlogopite and blotite have formed arourd the edges of
szall fragments of feldspathic rock such as syenite or gneiss by re-
action with the carbonate material, and also occur as scattered flakes
locally in the large carbonate body. Orocidolite is associated with
bota the polash-rich igneous rocks and the carbonate rocks. Velnlets
ol crocidolite occur in the various igneous rocks, particularly the
shonkinits. In some of the thicker crocidolite veins, about half an
inch thick, the amphibole fibers are oriented perpendicular to the
walls of the veinlet. In the carbonate rocks the crocidolite fibers

are aggregated in sub-psrallel orientation along shear planes which
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berd around the barite grains, imperting a foliation to the rock. The
occurrence of fibrous seda-amphibole at Mountain Pass recalls its
sim{lar association with alkalic and carbonate rocks in other parts of
the world. The. abgence of typical contact metamorphic minerals, such
as diopside, idocrase, and garnet from the Mountain Pass carbomte
rocks is significant,

Thorite occurs in small, dark red to reddish brewn, shiny crains,
xostly 1 mm or less in diameter, in a2 numbaer of the veins and radio-
active shear zones in the district. The thorite is rostly metamict,
with variable indices around 1.70. Parts of soms grains are clear
and uniaxial positive.

Apatite and magnetite ars relatively abundant in the izneous
rocks and also occur locally in the large carbonate body in amounts
that rarely exceed a small fraction of a percent, Hematits and limonite
are common along the veins and shear zones, derived in large mart
through the weathsring and alteration of iron-bearing minerals such
as siderite and ankerite, blotite, pyrite, and magnetite. Fluorite
is a minor constituent of some of the izneous rocks, the veins, and
the large carbonate body. In the veins and carbonate body, it is present
only locally, in amounts that rarely exceed a percent. The fluorite
trpically occurs as tiny grains less than 1 mm in diameter along seams,
veinlets, and fractures, indicating its crystallization late in ths

paragenetic sequence.
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Structural features of ths carbonate rocks

The velnlike bodies composed chiefly of carbonate minerals, barite,
ard quartz strike dominantly northwest and almost without sexception
dip steeply. The veins in the shonkinite-syanits stock north of
U. 3. highway 1 are parallel or intersect at sharp angles, as though
controlled in largse part by a system of steeply dipping fractures. The
veins In the metamorphic rocks wera controllsd partly by the foliation.
¥ost of the mineralized shear zonss strike nortowest, perhaps influenced
partly by the foliation, but they cowmonly transect ths follation.

The mineralized shear zones are zones about 1 to 20 feet thick
characterized by parallel shear planes, gouge, and brecciation. The
rocks near the zones are altered, chloritized, iimonite-stained, and
laced with many veinlets or stringers of carbonate mineral, quarts, or
barite. Many of these shear zones contain bastnaesite, monasite (7),
or thorite locélly. In additica Lo the numercus vaeinlets, perhaps &
fractlion of an inch thick, tnat characterize many of the snear zoﬁes,
some contain thicker veins such as th§<a-foot vein at the Windy No. 1
pit. 411 gradations axist between well-defined veins several feet
thick and zones of sheared gneiss wiilh only thin veinlets of introduced
material, Jamples of some veins and shear zones ave rich in rare
sarth and thorium minerals, but the mineralisation is most persistent
whars well-delined veins are present. The individual shear zones, as
axposed in prospect pits, do not seem persistent along the sirike,

but, rather are irregularl; staggersd or en echelon in a gone several
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hundred feet or more wide, such as the Windy group of ;irospects and
the Ray-Willmore-welch prospects about 3,000 feet south of the Highway
Maintenance Statione.

The radicastive shesar zones havs been referred Lo by prospectors
as "purnt rock®, in allusion to the reddish or yellowish brown color,
caused by hematiis and limonite along fractures, and the radicuétivity
present along scme of the 2ones. The content of rare earths and
thorium varies markedly at different points across the width of a
minersiized shear zone. The sheared gnelss is illustrated by a thin
section of rock {rom a prospect pit a mile south of the ¥Windy pros-
ﬁects » &b the southeastern corner of the mapped area., The granitic
gnelss, composed chiefly of microcline s quartz, biobite; and minor
zircon, is fractured and altered. Quartz, chiorite, caléita, iron
oxides, and a little thorits occcur as veiniets along the fi‘gctures s
and chlorit.u; calcite, and iron oxides occur as alteration p}oducts
of the minerals of the granitic gneiss,

Contacts between the veins and tae hos;t. rocks aré’ generally sharp,
although the wall rocks are cozmonly &ltered within a few inches or a
few foet of the contacts. OUne manifestation of the a}.tara.’aif:n is a
bleaching of the blotite, accompanied by developuent of iron oxide

AY

spois in or near the biotite. OUther iron-bearing minerals azfe

altered, and veinlets of carbonate, guarts, limonite, hematite, and
berite penstrate the wall rocks. Aeplacement of wall rocks occﬁ;‘red ‘
A \

locally but is thought to ha¥® played a subordinate role in the
development of the veins, \
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An alteration zone 100 to 200 feet wide extends westward several
hundred feet from the southwest tip of the Sulptide Queen carbonate
body, in line with a siliceous, bastnaesite-rich part of tha body.

The rock 11:\ this zone, which is [robably altered granitic gnelss, is
red because of disseminated hematite. In thin section, orthoclase
makes up 75 percent of the roek, and hematite occurs as & reddish dust

'in the feldspar. Other constituents, which make up 1 to 5 percent of

the rock, include allanite, quarts, opaque minerals, amtite, 2ircon,
and 5 to 10 pereént of secondary calcite and hematits. The calcite
replaces the feldspar and occurs as irregular veinlets,

Breccia veins found at several places in the district contain
scattered fragments of granite, sysnite, shonkinite, or gnsiss in a
matrix of dominantly carbonate. The feldspathic fragments typically
are rimxed by dark phlogopite or blotite formed by reaction with the
carbonate matserial., In cne breccia vein, 2,600 feet due south of the
Highway Maintenance Statlion, for example, dark blotite syenite frag-
nents are snclosed in pink carbonate matrix. Another breccia vein,
1,000 feet N. 70° E. of the old Sulphide Queen shaft, is a cartonate
vein 5 to 7 feet thick, exposed over a length of 150 feet, dipping 70°3.
in shonkinite, Pragments of shonkinite and sysnite make up about 15
to 25 percent of the width of the veln.
Gee pl. 74)

Breccia fragmenta of various older rock types are abundant locally
in the large Sulphide Queen carbonate body, chiefly near the margzins.
These fragments are composed of gnaiss, syenite, shonkinite, and older
carbonate rock in younger. Some of the angular feldspathic wall-rock
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fragments of the breccia are but little rotated, but in other places
well-rounded rock fragments of several rock types are assembled,
indicating that they mve moved from their original positions. The
feldspathic fragmenta are typically coated with a reaction rim of dark
phlogopite or biotits, implying the addition of magnesium and water
from the solutions. Another thin breccia vein occurs between the north
end of the large carbonate body and the Sulphide Quecen shaft. This
vein is 2 inches to 2 feet thick, strikes #. 50° ¥W., and dips 50° SW.
The vein is composed of calcite, barite, quartz, fluorite, monazite,
parisite, apatite, and magnetite, and it enclcses fragments of zranite,
pre~Cambrisn gneiss, and pegmatite which have the typical reaction
rims of dark mica.

A planar structure is evident in many of the carbonate deposits.
Part of this is layering or banding that is apparently a primary
feature of the veins, arnd part is a foliation that appears to be due
to shearing. One type of layering, due to variation in grain size
and concentration of opaque minerals in layers of carbonate-barite
rock about an ine¢h thick, is well exposed in the satellitiec mass just
east of the north end of the large carbonate body. Opaque minerals
are concentrated in thin bands in several thin sections of carbonate
rock.

Part of the planar structure appears to be a foliation due to
shearing, and is generally parallsl to the walls of a carbonate body.
Barite grains, some of which are strung 8ut sleng streaks in the rock,
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are cormonly eye-shaped as in an augen gnsiss, and the elongate grains
parallel the walls of the vein. 3hear planes curve around the barite
grains and in many places contain crocidolite fibers oriented parallel
to the shear planes. Thin seams of later barite along shear planes
also appear as a foliation in the large carbonate bedy.

The mineral content of the tabular vein-like denosits varies
markedly from place to place, both along and across the strike, but
thers is no apparent systematic variation or zoning in the deposits.

At the Hobbins prospect 600 feet N. 40° W. of Mexican Well, a crudely
banded vein 6 to 24 inches thick, dipping 65° SW., is exposed over a
length of 40 feet H. 20° W. ,ddjacent to the hanging wall is a 1- to 3-
inch zone of coarse tabular bastnaesite crystals with a preferred
orientation parallel to the contact. The brown finer-grained central
part of the vein also contains bastnaesite but in smaller quantity and
finer grains, Along the footwsll the vein is a somewhat porous rock in
which cavities about 0,1 inch in diameter are lined with silica., This

type of zoning is not duplicated in any other veins examined.

Areal distribution

The distribution of carbonate rocks, veins, and prospect pits in
the district is shown on the geologic map (pl. 1) and is outlined in
plate ¥ . The known rare earth and thorium deposits ars most abundant
in a belt, in places 3,000 to 4,000 feet wide, that trends northwest
from the southeast corner of the map to the vicinity of the Birthday
shaft. This belt is offset by the transverse faults and appears to be
terminated by the transverse fault north of the Birthday shaft.
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Although no large fault has been mavped in and parallel to this
belt, many small northwest-trending faults are exposed for short
distances, and these locally contain rare earths and thorium. The
number and size of the veins and carbonate rocks in the belt appear to
be related to the potash-rich intrusive rocks, for the greatest con=-
centration is in and along the southwest side of the largest shonkinite-
syenite stock. The mineralized shear zones in this belt cut the shonki-
nite-syenite body and related dikes, as well as carbonate veins, yet
they locally contain rare earths, thorium, barite, and other constituents
of the veins. Hence faulting occurred after the main period of deposi-
t.ion of the carbonate rocks but before the circulation of mineralizing
solutions had csased.

The concentration of veins in the belt shown in plate_**  does

not necessarily mean that rare earth dencsits are absent from other
parts of the district. The close relationship between the rare earth-
thorium deposits and the potash-rich intrusive rocks suggests possible
occurrences near other dikes outside the belt shown in plate_ ¥,
such as the granite of Mineral Hill and the shonkinite-syenite body a
mile northwest of it. A few thin carbonate veins were noted near the
granite body on Mineral Hill, but rare earth minerals are not known

to cccur in them.

A few veins composed chiefly of calcite and quartz occur in the
area north of the transverse fault a few hundriéd feet north of the
Birthday shaft, and one prospect pit exposes a fault that is silicified
and iron-stained, but no raré earth or thorium minerals have been found

in these deposits.
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Numerous pits have been dug in silicified and altered rock along
the Clark Mountain fault. Veinlets of malachite, azurite, and limonite
have been found assoclated with soms of the silicified and altered
.rock, but no mines have been developed alongz the fault or ismediately

east of it., Silicified zones with sparse pyrite, chalcopyrite, and
\\\malachite have also been prospected in the gneiss\east of the fault,
for example a vein 3,200 feet due north 6: Kokoweef Peak and 75 feet
from the fault, and another within 100 feet of the fault 1.8 miles
northwest of Kokowsef Peak. The Carbonats King and Mescal mines,
in limestone within 1,000 feet west of the fault, have been mined for
zinc, lsad, and silver, and stibnite is relative abundant at the Mescal
mine, but no relation is evident between these and the rare earth
mineral deposits. The Clark Hountain fault, an interthrust normal
fault, preceded and controlled at least mrt of ths mineralization in
the district, but not necessarily the rare earth mineralization.
Fluorite is abundant in several deposits in Paleozoic dolomites north
of Clark Mountain, but it is not known in deposits west of the Clark
Mountain fault south of Clark Mountain.

Known rare earth-thorium mineral occurrences north of highway 91
are concentrated along the southwest side of the shonkinite-syenite
stock in both gneiss q?d p%g intrusive body. Many of the veins in
this area, between thésmﬁfshaft and the Bullsnake prospect, contain
rare earths and are somewhat radicactive. Tiny brownish red grains
of thorite have been found in several deposits, and a little galena
is present in some. The large carbonate body southwest of the old

Sulphide Queen gold mine is the most remarkable concentration of rare

c7



earths known in the district, because of its large size, although parts
of some thin veins such as the original discovery vein near the Birthday
shaft ares equally rich or-richer.

s (ste ,/. 73)

The old Sulphide Cueen gold minsﬁconsists of an inclined shaft,
about 320 feet deep, and about 2,200 feet of drifts on 4 levels. These
workings explore a northwest-trending shear zone dioping steeply south-
west, Granite forms the h#nging wall in most of the workings, and
gneiss with a little shonkinite the focotwall. The shear zone was explored
mainly for gold. Stringers of quartas, calclte, and abundant iron and
manganese~a#ides occur along the shear nlanes. The radiocactivity
encountered in the mine is apparently due to thorium, which is in
strongly sheared, chloritized rock, associated with the iron and manga-
nese oxides. Several thin carbonate veins are also found in the
workings, and these contain rare earths, probably as bastnaesita.

The area west of the Birthday shaft and the Sulphide Queen carbonate
body is a broad, gently sloping surface largely covered by gravels and
alluvium. Bedrock is exposed in some areas, and in these exposures
more than a dozen prospect pits have been dug. Some of these pits show
no evidence of mineralization; others expose shear zones, some of which
are presumably radioactive, along which the gnaiss is chloritized and
cut by many veinlets of calcite, quartz, hematite, and limonite. Carbo-
nate veins exposed in this area are a few inches’to 2 feet thick, but
no largs bodies were noted. o

In the area north of the highway and east of the Bullsnake pros-
pect and Mexican Well, faults and silicified fault zones, locally

stained by copper carbonates, have been prospected by several pits,
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Plate 7A.—Breccia fragments in gray carbonate groundmass,
Sulphide Queen carbonate body., g, gneiss; s, syerite, dark
because of phlogopitic reaction rim; ¢, fragmemts of older
cerbonate rock,

Plate 7B,—old Sulphide Queen gold mill,
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but no rare earth or thorium minerals have been found in this area.

South of U. 3. highway 91, no rare earth-bearing veins have yet
been found in the area northeast of the fault that passes near the
Highway Maintenance Station. Veins and mineralized shear zcnes occur
in ths area southwest of this fault and north of the transverse fault
that extends southeastward fromAGrove? Spring, especlally in the belt
outlined in plate ;f;;. Bastnaesite and thorite have been found, for
example, in the veins in the Reynolds Robbins prospects 600 feet
northwest of Mexican Well and 2,300 feet south of it. The deposits in
the area near these prospects are essentially mineralized shear zones.
As exposed in the prospect pits, many closely spaced, stseply dipping,
subparallel fracture-surfaces are coated with limonite, hematite,
silica, barite, and iron-besring carbonate, in zones about 5 or 10 feet
wide £hat are commonly radioactive. Carbonate veins 0.5 to 3 feet
thick occur in some cof these shear zonsa. Ons2 vein exposed in a pit
about 2,300 feet south of Mexican “ell is about 2,5 feet thick.
Bastnaesite and thorite have been fcund in this vein, as well as barite,
calcite, and quartz, S8ix out of 7 thin sections of the vein from this
pit contained one or more grains of bastnaesite., The vein has a rough
planar structure caused by streaks of the finer-grained calcite-barite-
quartz matrix between coarser barite grains oriented parallel to the
walls,

Mineralized shear zones that are commonly radioactive occur in
the vicinity of the two shonkinite-syenite stocks northeast of Grover
Spring. Those encountered in the mapping are shown on ths geologic

map of the district as veins. The radicactivity appears to be due
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largely to thorium and is mostly in ssams associated with iron oxides.
Small grains of thorite have been found locally in these zcnes,

At tgé Rathburn prospects, 3,800 feet 3. 20° E. of the higrway
Maintenance 3tation, several west- to northwest-trending silicified
faults constitute a fault zone abcut 250 feet wide. The largest mine
opening is an inclined shaft, presumably sunk in prospacting for gold,
extending about 50 feet down the &0° dipvof a 1- to 2-foot quartz
vein, The quartz vein and adjoining silicified wall rock contain a
little azurite, malachite, pyrite, copper-bearing sulphides, and irom
oxides. Other nearby faults in the same fault zone are silicified
and stained by secondary copper- z2nd iron-bearing minerals, and some
of these have been prospected by small pits. Hare earth-thorium
minerals have not been found in the Rathburn prospects, and the rare
earth mineralization may be of a different age from that of copper
and gold. A few grains of pyrite, copner-bearing sulrhide, and mala-
chite have been found in several other prospect pits, for examvle
several about 2,000 fset northeast of Crover Spring and another 1,000
feet south of the Highway Maintenance Station,

The area between the Rathburn prospects and the granite body on
¥ineral Hill contains very few, small carbonate or quartz veins, A
little prospecting has been done in shonkinite, syenite, or granite
dikes which are slightly more radiocactive than the adjoining gniess
but of no known value. Several carbonate veins, about 2 feet thic
on the average, occur in the gneiss around the granite mass on Mineral

Hill, but rare earth minerals have not been found in them.
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In the pre-Cambrian block south of the transverse fault that
passes 1,500 feet north of the Wirdy prospects, veins occur in several
areas, as shown in plates 1 and _ﬁ:_. The velns in this area thal are
known to contain rare-earths or thorium lie in a belt ihat exitends
from a point about 3,000 feet . 50° W. of the Windy prospects, tharough
the Wirdy prospects, thence 5. 25° E, to the abnormally radioactive
sheared gneiss at the southeasterrireost prospect shown on tha geologic
map.

Several of the veins in this belt contain small, shiny, radioactive
red grains of thorite (?). Bastnaesite has been identified in the
Windy prospects. The vein axposed in ths Windy No. 1 pit, which is the
northwestern of the Windy prospect pits as designated on the geologic
rap, is LO to 50 inches thick., In a bulldozed area 130 feet to the
southsast along the strike, the vein pinches to less than 4 inches thick,
The vein in the pit strikes about N. 45° W, and dips about 70° S¥. and
was apparently emplaced in a fracture steeper than the 60° dip of the
foliation of the enclosing migmatite and granitic gneiss. The vein is
composed chiefly of quartz, barite, calcite, and limonite. OSparse
grains of bastnaesite were found in 5 out of 8 thin sections from this
vein., Just a few faset southeast of the pit the vein lies alongside
and parallel to a dike of shonkinite or biotite-rich syenite one foot
thick. The dike was sheared after its emplacement, forming numerous
shear planes parallel to its strike in the shorkinite and gneiss, and
the vein was deposited in a fracture a2longside the shonkirite dike.
Similar thin shonkinite dikes are exposed at irregular intervals along

the strike of this zone for 2,800 feet to the southeast.
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In the Windy ¥No. 1 pit and in other exposures to the southeast,
purple fluorite occurs as a minor consiituent. From the position of
the pits and the distribution of radicactivity, the Windy sroup of
rrospects appears to te a 2one of parallel or imbricate sets of
mineralized fractures, Individual veins in this zone are as much as 4
feet thick but are discontinuous and tracsable for only short distances,
beyond which other mineralized fractures, perhaps 100 fest to ons side
of the projected strike of the vein, may be found over short intervals.
The entire zone is at least 2,800 feet long, and the fractures that
are locally mineralized are mostly in a width of 200 feet. The radio-
activity is greatest in the relatively fresh exposures in pits, and
may be hidden by the overburden in part of this zone,

At the southeast corner of the district geologic mapn, a radioactive
shear zone in chloritized gneiss is exposed in a small outcrop in a
wash, A thin section of the radicactive sampls is comncsed largely
of microcline and quartz of the granitic gneiss, with a little biotite,
chlorite, zircon, and magnetite. Secondary or introduced minerals,
which occur chlefly along seams and fractures in the gneiss, include
quartz, chlorite, hematite, limonite, calcite, snd thorite(?).

Several veins in the general arsa 2,300 to 4,800 feet K. 4L0° E,
of Kokoweef Peak contain considerable iron-stained carbonate mineral,
nrobably siderite, and quartz. Smaller carbonate vains, mostly only
a few inches thick, occur in the area about 2,200 feet southeast of
these. In both these sreas, very little wrospecting has been done and

no rars zarth-thorium minerals have beaen found.
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STRUCTURAL FEATURE3 OF TH:Z DISTRICT
Faults

The district is bounded on the west and nerth by large faults, and
many other faults have been mapped in the district., Other faults are
no doubt presant but unmapped because of the obscurity of small dis-
placaments in the heterogeneous pre-Cambrian zhelsses, and the difficulty
of tracing faults that parallel the pre-Jambrian foliation and lzyering.
Pault movement parallsl to the foliation is shown in many vlaces by
local brecciation and zones of alteration ard iron staining. Large
faults that cross the pre~{ambrian structure ars traced by the abrupt
change, at the fault, of pre-Cambrian rock units or later ignecus rocks,
as well as other common features sucii as slickensided fault planes,
rock alteration, silicificuation, abundant calcite veinlets or iron-
staining, drag folds, brecciztion, springs or spring deposits, and
topographic expression,

With few exceptions, all the mapped faults sirike in tha northwest
quadrant and dip southwestward. Three faults manped nsar Wheaton
Springs dip northsastward. Faults that parallel the foliation also dip
southwestward, and the preferred northwesterly strike and southwesterly
dips of the faults are very likely due largely to the control of pre-
Cambrian foliation on later structures.

The Clark dountain normal fault, which bounds the district on
the west, is reported by Hewett (1951) to have a displacement of 10,000

to 12,000 feet near Hountain Pass. <he dip of this fault ranges from



(See cross=sections, pr- 5

35 to 70 dagrees and prokably averazes about § degreegf Tre lirestons,
dolomite, sandstone, and volcanic rocks west of the fault stand hizher
topozraphically than the pre-Cambrian gneisses, 2and the fault in many
»laces is buried by talus benesth & stesp slope of limsstcne, dolomite,
cr volcanic rocks. The rocks on ‘both sides of the fault are 3jiered,
silicifiad, ard limonite-stained. They contair scattered sul-hide
minerzls and havo been prospected by srmall pits, ™t rare earth minerals
have not been frund along the Jault., Chlorite, snidote and some calcite
ara conspicuous in parts of the gn2iss as much 2s 1000 feet from the
fault, in a zone in which shear -lanes, generally mrallel to the fauld
and in pilaces at an angls to the rnaissic foliation, 2res abundant. The
chloritic alteration i{s mostly in the mafic and garmet-biotite -meisses,
and some andesite dikes ere similarly =2ltered,

A mrominent transverse fault offsets the tracs of the Clark Mountain
fault at least 1200 feet, in the zrsa about 2400 feet north of the sumnit
of Mehawk 1111, This transverse fault extends an unknown Zistance
northwest of the map area and at l-=ast L riles southeastward from ths
Clark Mountain fanlt, passing cnly a few hundred feet north of the
Birthday shaft. Gullies and saddles mark the trace of tha fault over
vart of its extent. The fault dips 65°-70° 3. That the dianiacement
is considerable, i3 indicated by the abrupt truncation of the shonkinite-

/
syenite body and assoclated dikes and veins near the Birthday shafi,
inasmuch a3 the potash-rich dike rocks have not bheen found rortn of the

fault, One andesitez dike also terminates at the faults, suggesting
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along the fault zons. At the saddle 1,500 feet K. 80° E. of the
Birthday shaft, fractures parallel to the fault zone are distributed
over a width of about 300 feset in which the rocks are altered, brecclated,
and cut by many veinlets of silica and carbonate apparently without rare
earth mineralisation. West of this point, in the area north of the
Birthday shaft, the faulting appears to be mainly in two zones as much
as 400 feet apart, between which is & wedge of pre-Cambrian gneiss.

The biotite granite gneiss and the adjoining mixed gneisses (units
D and E on pre~Cambrian mp,@:g'é__) cccupy 8 wider area north of the
fault than south'of it, and the trace of the westward-dipping Clari
Mountain fault is displaced relatively eastward north of the transverse
fault, These relationships are best explained by considering the
block south of the fault as upthrown, therefore a reverse fault. The
hordzontal compomsnt of movement is unkhown, but the relative positions
of units on the two sides suggest an eastward as well as upward movement
of the block south of the fault. This suppesition is based largely on
the distribution of poorly-defined pre-Cambrian mixed rocks, but if
correct, the continuation of the potash-rich rocks north of the trans=
verse fault might lis in the gravel-covered ares near the Clark Mountd n
fault, perhaps at same depth below the presemt surface, or even west
of the .Chx'yl-t Mountain fault,

Another fault that is well-marked by topographic depressions and
saddles extends southesastward from a point on the Clark Mountain fault,

. southeast of Crover 3pring, passing about 1,500 feet north of the Windy

prospeocta. This fault is evident from the differences in pre-Cambrian
rocks on the two sides and the truncation of shonkinite and granite dikes.
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A fault apparently of considerable displacement has been traced
from the vieinity of the Righway Maintenance Station southeastward
more than two miles to a point just north of the granite body on Mineral
Hill. The fault dips 80° SW. to vertical, and the block southwest of
the fault appears to have moved southeastward and downward relative to
the northeast side. The actual displacement is not known, but the
horisontal component of movement is perhape a mile. The granite on
Mineral Hill and the shonkinite-syenite body southeast of the Highway
Maintenance Station may have originally beem parts of the same mass,
separsted by the fault movement. The granite of Minersl Hill is thought
to represent the lower part of this faulted compositeintrusive, that
solidified slightly later than the shonkinite-syenite poertion. The
dikes of granite that cut the shonkinite-syenite btedy and radiate
northward from it may thus be genetically related to the granite of
Mineral Hill. The supposed fault movewent is also indicated by the
relative positions of pre-Cambrian units and andesite dikes om both
sides of the fault. The andesite dike swarm that cuts through the
shonkinite-sysnite stock northeast of Grover Spring extends eastward
to the fault, then is displaced nearly :nile to the northwest, whence
it continues eastward south of Wheaton Wash,

The fault is poorly exposed northwest of the Highway Maintenance
Station, but very likely it pesses not far southwest of the large
carbonate body near the Sulphide Queen mine, and parallel fractures
 that are probably related to this fault zone have been found in the
arsa west of the carbonate body. The fault may thersfore cut the
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carbonate body at depth. Inasmuch as the footwall hlock north of the
fault is believed to have moved relatively downward as well as horizont-
ally, thers is a possibility of repetition of the carbonate ore body
under the gravels in the srea west of Nexican Wall. Although this
structural picturs involves a number of assumptions, and the original
extension to depth of the carbonate body is not known, the alluviated
area west of Mexican Well is a posaible site for prospecting.

The sast-trending silicified fault north of Wheaton Wash, and the
fault zone that extends both east and west of the two parallel east-

trending granite dikes 3,300 fest K. 302 E. of Grover Spring, were
probably at one time along the same trend that later was offset by

the fault that passes near the Highway Maintenance Station. The two

parallel granite dikes in this szone cut the shonkinite-eyenite body
but were emplaced in fractures parallel to the fault zone, suggesting
the fault is post-syenits ard pre-granite, hence pre-mineralization.
Some of the faults in the district are marked by such features
as drag folds, brecciation, gouge, and slckensides., The pre-Cambrian
foliation in many places is curved to ncar parallelism with the faults.
A§ one place on the fault south of the granite body on Mineral Hill,
drag folds having amplitude of about 12 feet, plunging down the 50° 3.
dip of the fault, indicate nearly horizontal movement of the south
side southeastward., The fault that extends about 500 to 2,500 feet
northwest of the Windy prospects is marked by a 2-foot thicimess of
quarts that is locally brecclated. The fault that trends slightly
north of east, just north of Wheaton Wash, is similarly silicified,
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the quarts vein being as much as 5 feet thick. The gneiss near faults
is ocommonly altered and stained reddish, yellowish, or purplish browm.

Springs

Springs in the district are related in part to the faulting. Mescal
Spring, Grover 3pring, and the spring midway between them, issue about
100 to 200 feet scuth of the Clark Mountain fault from a greenish gray
gsone of alteration in the volcanic rocks, Garden Spring is in a large
wash where it crosses an apparently small fault that trends northeast
and dips about 70° NW, A northwest~trending fault dipning 80° NE. is
apparently responsible for Wheaton 3Springs. Several faults ars exposed
in the vicinity of Hexican Well, which is in a“ash. Faulting was not
noted at the spring about 4,000 feet 3, 100 E. of the Highway Mainten-
ance Station but this spring is aligned with a number of small faults,
constituting a fault zone, extending 3. 60° %, from the spring.

Several small tufa deposits in the district probably indicate
former smrings, and some of these are near faults, for exauple the one
about 1,400 feet . 707 B, of the Birthday shaft, another 3,000 feet
8. 30° E. of the Highway Maintenance Station, and another about 1,000
feet 3. 60° W, of the granite intrusive of Mineral Hill where the fault
crosses the wash, Other tufa deposits that are within a couple of
Iundred fest of known faults are found near the bendin the wash ane
nile due weat of Wheaton Springs settlement, and just east of the
sane wash 1,500 feet south of this poimt. The tufa in these deposits
cements fragments of various other rock types, and iron oxlde stains
are common in nearby rocks.,



Age of the faulting

The faults in the district are of several afss. Zonss of probable
pre-Cambrisn movement are indicated by drag folding and breccia cemented
by granitic gneisa.p Faults youngsr than the nre-Cambrian gneisses but
older than the shorkinite-syenite are difficult to establish, although

the potash-rich intrusives were probably controlled in part by a northwest-

trending structure in addition to the folistion. Fault movements no
doubt oeourred about the time of the intrusion of the potash-rich dike
rocks, hny faults and shear zones cut the shonkinite, syenite, and
granite, but locally contaln carbonate minerals, barite, rare earths,
or thorium that are genetically related to the intrusive rocks. Some
shear zones are thus dated as post-shonkinite snd pre-mineralization.
The composite intrusive body 3,300 feet N. 30° B, of Grover Springs is
cut by two parallel east-trending granite dikes a few feet apart,
suggesting post-shonkinite, pre-granite faulting along the fault zone
both east and west of these granite dikes. At one point about 1,500
feet cast of the two parallel granite dikes, an andesitic (?) dike that
appears to follow the fault is sheared, as though involved in later
faulting, suggesting both pre-and post-andesite movement on this fault
sone. |

Another episode of :auitmg is showmn by the fractures in which the
andesite dikes wers emplaced, along some of which displacement occurred.
The ardesite dikes transect the potash-rich intrusive bodies and the
rare earth mineral deposits, dating the fracturing as post-mineraliza-

tion and pre-andesits.
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Finally, many of ths faults are post-andesite, as the andesite
and felsite dikes are displaced by the faults., For example, the felsite
dike about 800 feet south of Mexican Well is cut by & fault that trends
N. 20° E. The andesite dike swarm trending eastward from the shonkinite-
syenite body 3,000 feet . 70° E. of Gr::ver Spring is appareantly dis-
placed about a mile by the fault that extends southeastward from the
Highway Maintenance 3tation.

The fact thet many andesite dikes approach or intersect the Clari
Mountain fault from the east, but none h~ve been observed to cross the
fault, suggests that there has been considerable post-andesite movement
on the Clark Mountain fault., WNear the Clark Mountain fault the rocks
are altered and silicified, and andeaite as well as older gneiss and
shonkinite ars altered, moducing such mincrals as chlorite, calcite,
and epidote. The Clark Mountain fault cuts the Mescal thrust, along
which Paleosoic sediments are thrust over Cretaceous t?) volcanie rocks,
hence both these fuults are younger than the volcanic rocks, According
to Hewett (1951) the Clark Mountain fault about 15 miles north of the
district is overridden by the Mesquite thrust fault, approximately
parallel to the Mescal thrust, and accordingly was formed between the
two thrusts. These thrust faults are believed to be Laramide, that is
post-mid-Cretaceous, pessibly early Tertiary or late Cretaceous.

S - .- ORIEIN
The Mountain Pass district typifies the asaoeiation) recorded in
many areas of alkallc rocks, carbonate rocks, abundance of volatile
constituents and extraordinary concentrations of certain uncommon



elements, in a3 metamorphic complex that is dominantly migmatite and
granitic gneisses. The ultimate origin of the rccks and associations
renains a fundamental problem.

Various hypotheses have been set, forth to explain the association
of alkaline igneous rocks and carhonate rocks. Among them are, for
exanple, the metamorphisa of pre-Cambrian saline deposits (Jensen, 1508),
magmatic differentiation (Bowen, 1928), magmatic differentiation with
volatile substances such as GO, and P as important Zactors {3ayth, 1513),
assimilation of limestone (Daly, 1918), and the action of highly
enargised alkali-rich emanations on sialic rocks (Holmes and Harwood,
1936, p. 29).

Summary of evidence

Any hypotnesis accounting for the origin of the carbonatas rocks,
the concentration of uncommon elements, and the association wita alkalie
dike rocks in ths Hountain Pass area should take into consideration the
following features:

1. The veins and carbonate rocks are spatially and ganetically
related to the potash-prich igneous rocks. The largsst hody of carbonate
rock/a/nd the greatest concentration of carbonate veins lie near the south-
“west contact of the largest shonkinite-syenite stock in the district,

d. The carbonats veins not only transect the pre-Cambrian
" -~foliation but they also cut across aénd therefore postdate all the
potash-rich dike rocks, and appear to be in fractures in the large
shonkinite-gyenite body. At no place do the gneisses and the potash-
rich intrusive rocks cut across any of the carbonate rocks.
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3. Shearing oceurred after the nphcww much of the carbonate
rock, but befors the rare earth mineralization had ceased, which is
shown by the shear follation in the largs carbtonate body and t he
pruncation of carbonate y;d,;a by mineralized fractures.

4. The known rare earth-thorium deposits are in a belt 6 miles
1on5 (see Iézi-j( » in which discontinuous shear gones cutting syenitic
dikl rocks ‘and carbonate mck are locally mineralized, indicating that
fault movements were associated with the igneous activity and with the

mineralization.

5. 7The carbonate material appears to have been intruded into its
present position. The carbonate mass is discordant to the pre-Cambrim
foliation, the fXliation in the carbonate rock ia conformabls to the
walls of the body and commonly is at an angle to the foliation of the
adjacent gneiss, and breccia fﬁgnanta of assorted syenitlc and gneissic
rocks ogowr in the carbonats rock.

6. The veins and the large carbonate body contain exceptional
concentrations of rare earths and other uncommon elements.

7. Limestcne of sedimentary origin is not known in the pre-
Cambrian rocks of the district, which are largely granite gneiss and
nigmatite.

8. Typlcal contact metamorphic silicate minerals, such as
diopside, érenolite, MOcra;o, and garnet, are absent from the carbonate
rocks, but phlogopite or biotite formed locally by reaction between
carbonate material and included fragments of feldspathis rocks such as
syenite and gneiss. Crocidolite occurs as a late mineral chiefly along
shear planes in the carbonate rock.
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Possible modes of origin

Carbenate rocks » alkalic igneous rocks, and relatively large
concentrations of certain uncommon elements, are associated in many
districts of the world. In many areas the limestone syntexds hypo-
thesis of Daly has k«a called upon to explain the association of carbo-
nate rock and alkalic igneous rocks, and has become well established as one
explanation for the association. In other areas, such as L,lng Island,
Sweden; Pen, Korway; and a mumber of Scuth African localities, no sedi-
mentary limestone ocours within many miles of the complex of alkalic and
carbvonate rocks, and for these areas soms geologists have called upon a
magmatic source for the carbonate as well as alkalic rock constituents.
Although the data of physical chemistry indicate that a dry carbonate melt
is unlikely to cecur under conditions prevailing in the earth's crust,
carbonate rock might develop from 4 magmatic differentiate with largs
concentrations of water, fluorine, COp, and other volatils substances.

Some of the carbonate rock possibly could have originated from a
sedimentary limestone lens in the granitic and other gnelsses, which
under intense metamorphism becams redistributed, by plastic deformation
and circulating solutions, into the discordant bodies now found. The
sxceptional quantities and wide dissemination of the rare earths and
barium in the carbonate rock are awkward to explain in this way, however,
inasmuch as comparable gquantities are not fourd in any known sedimentary
rocks or present-day sediments. Although barite is not uncommon in
sedimentary limestones, a content of 20 to 25 percent would be excep-

tional. The evidence given in items 2, 7, and 8 in the above summary



suggest thst. the carbonate material was not of sedimentary origin although
it does not disprove it, for the rare elsments might have been introduced
into a sedimentary limestons from a magmatic source, or the dike- or
veinlikes bodies along fractures in the shonkinite-eyenite and the gneiss
might have been dsposited from hydrothermal solutions that derived scme
of their constituents in passing through the largs carbonate body.

The possibility might be considered that a magma, perhaps of
granitic compesition, invaded the overlying Paleczcic limestones and
dolomites, and the reaction and assimilation produced & magma from which
the potash-rich dike rocks and the carbonate rocks developsd several thousand
fest below the sedimentary rocks. According to the cross-sections
(pl. & ), the basal Cambrian rocks appear to have been at least 3,000
feet above the present erosion surface in the Sulphide Queen area. That
& pagma might have reached the surface, and hence the Paleozoic limestones,
is suggested by the possible corselation, wholly unproved, between the
intrusives and the Cretaceous (?) voleapic rocks south of Grover Spring.

A relation of the Paleosoic sediments to the petrogenesis is therefore
considered possible but there is no evidence to support it.

The most plausible hypothesis of origin is that the carbonate rocks
and veins are the final products of the diffarentiation of the alkaline
magma that producsed the potash-rich series of igneous rocks, The
sequence of emplacement of the lgneocus rocks, consistent throughout the
distrist, is well established from the esrliest shonkinite through
progressively more leusocratic sysnites to granites uitﬁ increasing
silica .eonmt, and all these are cut by a few fine-grained lamprophyric
shonkinite dikes. The development of this sequence by magmatic differen-
tiation might lead progressively to a late differentiate rich in carbon
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dioxide and ths rare constituents. Evidence supporting a magmatic
source for the carbonate material includes items 1, 2, 5, and 6 in the
uﬁnry of evidence given above, and 3 magmatic source is not out of
barmony with the other evidence listed.

Although a magmatic source for the carbonate material appears
ressonable from the available evidence, certain theorstical problems
are unanswered. It is difficult to explain the origin of magma of such
8 composition that would yield the potash-rich igneocus rocks and the
remarkable concentrations of rare earths, carbon dioxide, barium, and
other uncommon constitusnts of the carbonate rocks, The mechanism of
transport and emplacement of the rare constituents, the carbonate, and
the barift) i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>