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The Geology of & Portion of The Rand Mcuntains,
Californisa

by
M. H. Evans
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* INTRODUCTION *

The Rand Mountains form a small desert range lying about 150
miles northeast of Los Angeles, and 40 miles east of Mojave, California.
The town of Randsburg, in the northeast part of the range, has been the
center of considerablé mining activity for the past 40 years. Approx-
imately 40 million dollars in gold &nd silver have been taken from'the
mines of the distriet, chiefly from the famous Yellow Aster and Cali-
fornis Rand mine=. Despite the mining activities, however, practically
no geologic work had been done in this distriet prior to 1924. In
1909, Hess (1)l mede & brief reconnaissance of the Randsburg district
in which he noted the types of roeks in the Rand Mountains, their
genersl structure, and the nature of the ore deposits. Hess' work
remained the only significant study until 1924, when Hulin (2), under
the direction of the California State Mining Bureasu, made a detailed
study of the entire Randsburg quadrangle, defining and mapping the
formations, and studying the ore deposition in all the important mines
of the quadrsngle. It seemed to the writer, however, that the unusual
rocke of the Rand Mounteins merited a more detailed petrographic study
than Hulin was ablé to mske, and cohsiderable time was spent during
the spring of 1935 in a field and laboratory study of them.

The Rahdaburg quadrangle lies between 117°30'and 117°45' east
longitude, and 35°15 and 35° 30" north latitude. It was surveyed in
1900 by the U. S. Geologieal Survey on a scale of 1/62560 with &
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1 notes in brackets ( ) refer to the bibliography on page 2.
otherwise, notes are given on the same page, according to the
customary method.
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contour intervel of 50 feet.l The Rand Mountains extend from nesr the
center of the map southwest towards the western borfer. As a typical
section for study, the writer chose a narrow area of about 5 squere
miles in the immediste vieinity of Randsburg.

Topogrephy end Relief:

The Rand Mountains reach their highest elevation at
Government Peak (4755') near Randsburg. To the northeast they merge
into & group of hills, and to the southwest they gradually die out in
the flat desert floor off the edge of the quadrangle. Thruout its
entire length, the range is charscterized by an abrupt northwest face
and & gently sloping southeast face. From Government Peak northwest,
an elevation of 3500' is reached in & horizontal distance of 1 mile,
while southeast the same elevation is only reached in 3 miles. Under
the desert conditions which prevail, this gives rise to extremely
precipitous eesnyons in the northwest drainege and more gentle slopes
to the south.

The climate is very arid, and wgter is brought ir to Randsburg
by pive from Mountain Wells, a distance of 6 miles to the east. Winter
raine are infrequent, but are usually torrential when they do occur.
These floods give northern slopes which are almost free of debris and on
which exvosures are as numerous amd as fresh as could be desired. The
southerr slopes have a deeper costing of detritus and much fewer ex-

posures of fresh rock.
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Fig. 237 Outerops of sehist in the Rand
Mountains.
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Generel Outline:

Iereous, metemornhic, and sedimentary rocks outcrod ir the

ed in considerable veriety. The metamorphic rocks, believed

e

ares. stnd
to be Archeen in age, cover shout nine-tenths of the area, and represent
sc-ists derived from both igneous and sefimerntary sources. The igneous
rocks include & sméil nlutonic messs snd numerous dikes, nines, &nd smell
plugs of voleenice roeks. The sedimentary rocks, which cover only =

minute frsection of the area, are believed to he of junaternery age.

Petrolorsy:

* Rand@ Schist *

The Rard schists cover a large part of the Rend lounteins,
end i+ wes »nrimarily to study them that this work was undertaken by
the writer. The schists are divisible at once into three tyves: mica
schists, amphibole schists, and greenstone schist. There sre, in
ad”ition, many transitioral schists, and many unusuel types which
only occur at a few loceslities and rever over large arees.

1. Mice Schists: (plete I A,B; plete II A)

Over most of the ares +the »redominent rock is & mice
schist. This rock hes = very highly developed schistosity and con-
teins & high vercentage of mica. ‘hen fresh, the color is & silvery
grey, but oxidation during weathering has often changed the silvery
sheen to & golden brown. Microscopically, the micas are seen to be
mueh less important than would apnesr from the hend specimen. Quartz
and albite are the mos* ghundant constituents, either in ovoid grains
or drawn out into long stringers parallel to the schistosity. The
albite greins sre almost always clouded by & multitude of small in-
clusions--gquertz, orthoclase, biotite, graphite, needles of actino-
lite, short prisms of apatite, and occasionally small grains of

the enidote group. Granhite is esnecially common, the slbite greins



beir~ ofter reniered commletely opucue by the gquarntity of ircluded

graphite. Twinnins of the albite is rare. Orthoclsse is much less
common than alvite, hut occasionally becomes the chie? constituent,
havins muen the seme anvesnrance as albite.

mertz oseure in muceh the sawe way as aldbite, dut usually 1t
is resd’ly Aistironishavle by ita freedom from Inclusions and its
wavy extirction.

The mieges, both muscovite and biotite, are mext in importance,
fornins lore gtreamers which wras around grsins of the other con=
stituents., Tre biotiée is rormally dark brovn and hirhly nleochroeice,
but eomronly it is more or less altered, ei“ner to « hlencred variety,
to & rreen, non-dloochroic veriety, or eomiletely charced to ehlicrite.
A Tew lons needler of aciirclite oriented purnilel to {ie scenistoelity
of*en sccompeny the micuse.

Zoisite, elinc-zoisite, and epilole occur iu many ol these
gonists, in vome rereiy, and in others very abundently(plate II a)e
These ~ineral: form clouded, arhedral or subhedral graine which under
the mierceoeove stand oul in high reliel agairst lue surrouniii? Wile
erals., 'hey are ecaslly distingulished from onc arcther by taelr inter-
fereﬁce solors under crocsed nizols, the zoislte shoving an anomalous
blue, the clinco-zoirite « characterisiic yellow-greer, or occasionally
8 pirk of a hisher orler, und the euidcte 113 usual bridlliant reds
and srecns.

Miror anounic of nagnetite, leucoxerc, csleite, and titanite

are sleo osrecent,

8. .mphibvole Schists: (plate II B; plate III ..)

Thruout the entire Rand series, but especielly slong the
nopthern face of the Rand Hountsins, green amphibole schists are very
widesoreand. ™hese preen schists are surprisingly uniform, forming &n

enormous series all alons the northwest face of the range with scarcely



eny variation. The ¢ verage amphibole schist in this part of the

renge 1s rether fine greined, anéd has a highly develoned schistosity.
On a cleavege surface the rock has & soft silvery-green luster from
the sbundence of minute interlocking amphibole erystals, but weather-
ing commonly stains the surface a reddish-brown color; viewed perpen-
dienlarly to the schistosity, the layers of amphibole are seen to wrap
around numerous grains of feldspaer or greenish epidote.

Microscopnically, these schists are found to he much the
same es the ordinary mica schists described above, with many grains
of albite, fewer grains of quartz, and occasionally grains of the
epidote groun. In nlsce of biotite or muscovite, however, the schist-
osity is imparted by lasyers of actinolite needles oriented with their
lorng dimensions parallel to the schistosity. The ectinolite occurs
in dense ageregates of very small needles which are & light green
in color and usually somewhat pleochroie in shades of green. OSmall
traces of chlorite often accompany the actinolite. As in the cese of
the mica schists, the "augen" of albite and quertz serve as poikilitie
hosts for meny inclusions, such as grephite, actinolite needles,
prisms of apatite, and small grains of epidote or zoisite. The
members of the epidote group are sometimes very numerous, forming
large rectsngular masses or long, drawn-out erystals, often rendered
almost opaque by inclusions. Leucdxene, calcite, and a few other
minerals occur in minor amounts.

The ebove described amphibole schist covers a large ares
along the northwest side of the range, but shows very little variation
from place to place and never attains much purity. Scattered thru
the grey mice schists a* various horizons, however, occur thin beds
of prac{ically pure actinolite schist; These schists form bright
green beds that are never over a few feet in thickness. Ordinarily

the esctinolite needles sre only a fraction of an inch in length and



form felty layers oriented parallel to the schistosity, but occesion-
elly they may be up {to several inches in lenzth. In the latter cace
the necdles ere arranged in redisating groups ﬁitheut any roticesble
orientation. Zeverel varietsl end transitional tyves can be recege
nized:

#. Pure actinolite schist (TFlate IIT1-%),

be Letinclite-tnle schicst: {olote IV-i)

Thin beds of greenish-white retirolite-tale schist
are very ccmmonly asccelated with the pure actinolite neriver:. They
conetst riooly ef hrigkt rreen, evhedrsl needles of setinolite set in
8 matrix of white or greerish tele. 11 $rereitions sccur between
pure actirolite schist ard:

c¢. Tele schist:

Loeally, cetinolite may completely disappear,
lesvir~ thir bede of pvre tele. This echist s white or preenish in
c¢olor ~nd stows a2 birshly develcoped schistozity, Miercscepfeally,.the
only corstituvert is fourd to re tale, excent for ar occcesicrs?! needle
of msetinelite.

d. Actirolite~rrophite schiest:

in vnusngl variety of sehiat ccevrs rorthwest of
the Yellow ister mire. This rcek is fire srained and eompnletely
blae* in the hand cnecimen, except that reflection from nurmerovs
minute erystel faces can be seen. nder the microscopre, 1t is ceen to
consist of mirute, interloc¥ing, colorless aetinolite reedles, clouded
by mueh grarhite. Yo other important constituent is nresent. Al-
though graphite 1s & very common mineral thruout the Rand ceries, this

particnler variety of scliist was found st only onre locality.

‘Hornblende Schis?a:

It is believed that some ol the plecchroie actinollite in

the setinolite-alhite schists may be hornblende, or at least approsech



hornblende as the iron-rich ferrotreﬂo?itel ‘the small size of the
emnphibole needles in these schists, and the similarizy ir opticel
properiies of tiesc nirnerals makes %the deternminetiocon a difficult one.
Aside Tron thic aocsibility, trie hormblsnde sehists do occur in the
Rand series st Sevérul localitlies, the mo=t notabie of whieh 1s the
gummi: of the hill Jjust northwest of the Yellow svter mine (hill 3950).
On the esrtorn slone of thle Miil, nesr the top, a thiek be&‘cf
bluck horrnblende schist 1c exposed ar a massive, resilstant ridge.

In the hond esneeinern, this roe’r ig bilask o reenich blasek
in 2olor, and has & 23il%y luster fron the numeprous "ornblende erystals.
Augen of alhite are rether soarsely distributed betreer the layers of
horrblende. The zchis ozity ie mot hishly marted. ‘*flereoscovnicelly,
this s:?isf ic comsosed Inreelr of greevich horrhlonde errstals
greared torether in thick morfses whieh wran avound mraing of qgurtz
érd glnite, This horrilevwde forme vather bread »laty orystals rether
ther ~ir—te slernder needles ss 1r the other emphibele scehiets. It is
gtrer-ly »lecehreie ir shsdec of sreen or blue-gsreer. Zome chidorite
accomnaries the horrdlende, Juaktz ard albite grains are feirly
numercus arnd are usually clcuded by included erystels cf hornblende.
Irresler masges of an »rirovr minersl, dencely prscved with small dark
inelneiors, are s2lso fairly commor., Mocpetite end titenite complete

the mirercl psremhlege,

3. Oreenstone Schist:

At numerons places along the northwest facevcf the Rand
ountains, outcrops of massive greenstone oceur, whicnh show no apparent
schistosity and heve no relation tothe surrounding senists. Tuelir
marner of eccurrence &s isclsted masses 100 feet cr 3¢ sorosz, and the

complet lec¥ cf qchistosity suggests that the: were origineily ismeous
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1nane quyfe&te& ior the iron-r*ch erd of the tremclite-ncti nolité
series by i. Y. Vinchell: im. in. XVII, 1932, p. 472,



plpes which have been mgtamorphosed along with the schists. They

are often badly weathered rocks, but fresh specimens are bright

green in color and very fine grained. Microscopically, they are
composed dominantly of sm=11 green needles of hornblende (ferrotremo-
lite?) 2nd small grains of albite. Eplidote 1s also a very abundant con-
stituent. The hornblende needles are oriented in all directions, with
no suggestion of paralielism. No relic structure can be seen.

# Other Schiatsg #*

Quartz Schists: (plate V-B)

Beds of nuartzite are found thruout the Rand serles, in
thicknesses ranging from a few inches to perhaps 50 feet. The color
usually varies Between white and reddish, depending on the purity.

A relic texture of rounded grains can sometimes be seen with a hand
lens, but in other cases may bte completely lacking. Begides quartz,
the only important constituent is biotite which forms thin layers
parallel to the schistosity and lmparts to the gock a coarse banded
appearance.,

_Quartz-Albite Schist: (plate VI-A,B)

A very unusual schist ig exposed at several outcrops on hill
3950, northwest of the Yellow Aster mlne. This rock is composed of a
light green matrim of quartz and a soft greenlish mineral in which are
imbedded numerous elongate laths of feldspar having no.noticeable
orientation. Milcroscoplcally the appearance im very striking. The
groundmass is seen to consist of a pecullar aggregate of quartz grains
which are drawn out in the direction of schistosity. A few imperfect
needles of actinblite are usually scattered thru the quartz. In this
matrix, are set large, elongate metzcrysts of albite which are oriented
in 811 directions and commonly push =side the schistose elements of the
groundmzss. The albite metacrysts have suffered considerable alteration

on their torders; this is shown by their rounded outlines, zoned ex-



Fig. 3: Ridge of limestone in the Rand
sehist.



tinction, and by peculiar border zones which seem to consist sometimes
of a fibrous mineral oriented perpe’ddicular to t he edges. This rock
has evidently had a2 complex history of 3 seperate stages: the crys-
tallization of the groundmass, the introduction of an z2lbltic solution
to form the metacrysts, and finally the attack of the metacrysts by
another solution. The source of the 2lbitic solution was probably'
the nearby batholith of nsuarts monzonite, which w:s intruded into the
schists only a short distance away.

Limestone:

I.imestones outcrop at 3 loczlities in the area studied:
beside the main highway a half-mile south of Randsburg, on the north
contact of the quartz monzonite batholith % mile east of Randsburg,
and at the top of hill 3950. At the first two localitles named, the
limestones have not suffered much from recr;stallization or =ddition
of material, but on hill 3950, an almost complete change to an aggregate
of lime-gilicate minerals has taken place. HMicroscorically, there is
found to be abundant tremolite, plagloclase, and zoisite (?) developed
where the =21teration has proceeded far. The source of the sillica-
bearing solutions was probably the quartz mongzonite intrusive mass,
which 1lies near to this occurrence. These limestones have evidently
been surprisingly resistant to toth ercosion and assimilatlon. The
occurrence south of Randsburg forms a conspicuous ridge, around which
the quartz monzonite contact shorply swings. The field relations are
stronzly cugiestive of the conclusion that limestones are registant
to assimilation by an ignsous rock.

Graphite schigt:

Graphite is an sbundant constituent of the Rand schists.
It océurs very commonly in varying amounts zccompanying the biotite or
mﬁscovite of the micz-albite schists and occasionally forms thin beds
of practically pure graphite. These schists are black in color and

thinly fissile. Wicroscopically, there 1s a continuous gradation from



>
graphite schist to graphite-mica-albite schimt.

Fuchsite-mariposite Rock: (plate IV=-B)

In many of the actinollte schists, green plates of a chromium
mica are rather common. Furthermore, fine grained nodules of this
mica up to several inches in length are scattered thru the schist series
at various horizons. The color of these nodules 1s rather varizble as
they sometlimes consist of chrome-mica alone and st other times seen
to contain considerable magnetite. They are rarely seen in place and
are usually found weathered-out on the surface. 4 brief microscopilc
examination showed this mica to be tright green to colorless in thin
flakes, and slightly pleochroic to non-pleochroic. According to the
data given by Larsen and Bermanl, this mineral lles between fuchsite
and mariposite. The index of refraction was approximately 1.60 and
2V around 15 . The optic character was biaxial negative.
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Age of The ZRand Schist:

Dating of the Rand series of schists must be wholly inferen-
tial =nd based on petrologic characters rather than stratigraphic re-
lations. The petrographic features of the schists make it plain that
they have formed under conditions of rather severe metamorphism, and by
comparison with rocks of known age in the game and adjacent regions, an
estimate of thelr approximate age can be made.

The E1 Paso Mountains, s few miles to the north, consist
largely of sediments believed to be middle Paleozolc in age, yet show-
ing no metamorphic effects. Farther north in the Inyo Mountains, Pal-
eozoic and pre-Paleozolc sediments are‘also unmetamorphosedg. To the
east, lower and middle Cambrian sediments in the Bristol Range are
unaltered’.

Although this data 1s rather meager, it seems falirly clear

Larsen and Berman: Hicroscopic Determination of Non-Opaque Hinerals,
U.5.G.S. Bull. 848, 1934, p. 237

24, Knopf and E. Kirk: Reconnalssance of the Inyo Range, USGS Prof. P. 110
C.W. Clark: Lower and Middle Cambrian Formations of the Mojave Desert,

Univ. of Calif. Bull., Vol. 13, 1921, pp. 1-T.
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thet the Rand schist is earlier than any of the above sediments. TFor
this reason it is dated as Archean. To the objection that long-
distance correlations as the abowe are inconclusive, it méy be renlied
that it is inconceivable that metsmorphic forces such as produced the
Rand schist would not also affect a large area in the vicinity. Xurther-
more, the possibility of correlating the Rand schist with the Pelona
schist 60 miles to the southl suggests that a schist series underlies
much of this part of Celifornia. If this is true, it must be granted
thet the Rand and Pelona schists are much older than any sediments
that occur in the entire region. |
Structure:

After spending considerable time in the field, the writer
is convinced thet from a regional standpoint the Rand schists are flat-
lying or dipping slightly to the south. Minor complications are
numerous, especially around the intrusive body of quartz monzonite,
and the schist is commonly found dipping in any direction or standing
on edge. The attitude 1is indeed bewilderingly complicated unless
viewed in its bdroadest aspects.

The green amphibole-albite schists are probably lower strat-
igravhically than the grey mica-albite schists. It is significant
thet the green schists outerop only along the northwest face where
the uplift has been the greztest. Even in the deep California Rand
silver mine, located on the southern slope and in the grey schists,
Hulin found only the grey mica-albite schists and a few beds of pure
amphibole schist. If, therefore, the schist series is ¢ominantly flat-
lying or dipping slightly to the south, and if the amphibole-albite
schists outerop only along the foot of the steep upturned northern
face, the conclusion must be that they ére relatively low in the strat-
igrephie series. There is the further probability that the green

schists are an inconstant member of the series. This is shown on the

ldiscussed in detail be R. W. Webb: Master’'s Thesis, Calif. Inst.
of Technology, 1932.
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seconntryives men end is very stri¥ing in the field. Zowarde the rorth

the errtact between green and grey sehists seems to die out with no
relstion to tose rusdhy. fowerds the south, the expected relu?licr seenrs
to hold.

wer.where in the lund series , the schistosity ls found to
be psrallel to the beddireg. This is nepy times not elear, bt wherever
& bed of guartzite outerons, the schist on either gide hes & schistosity
purellel to the origsiral bedding of the quurtzite. “he conclusion is
therefore drawr that the schist body was unlifted to its present nosition

v esrentislly horizontal attitude, and thet the

Fo]

after metanmornhism in a
folds, miror faults, sné diccordant dins were developed ertirely sub-
seéwept tc metemorshiism.

o very sccurate statement of thlclmess enr be nmude with
resnect to the Heno gohist. o verticwl segiicn o 1500 Teer if eX=-
pcted or the rorthwest face o the Hend lvuntaine and gllovire Tor a
sonthuard dip, the totxl thicimess would somewnsl saceed Lhis Tigure.

his, of course, Lures no &ceceount oY the gonlication that mey coxiel,

but tie writer Teels tint while minor iawitliig wod lenocllidisng Lkove

£

uniotihiedly eenged sone dnslicetilon, the losuyiaouie relley g neverw
theless ¢ true vessure of the toiul thiciknesgs., It is therefore set at

15002000 teet,

OQririn of "The Rand Schists:

The entire Rard series of schists has clearly formed fronm a
seriec of clastic sediments, »redominantly of sheles, sandstones, and
livectones. The abindorce of fine ~rained miemceons schisis indicates
that the dominami‘type of sediment was & fire #shele or sandy chele.
Deessinnel veriations irn the depositior of shele r~ave rise to beds of
pure s:iristone which are now found as quartzites. ILess frequently,
limestones were deposited.

T™wo £necisl eonditiors are indicsted hy the greenstorne and



he arphibole schirts. The greenstone outcrops &t small circulsar
bodles with no trace of schistosity and no apperent relation to the
surrounding sehiecte. .11 of these characterse point to the conclusion
that the greenstone hodies were crisinally shallow pluses of a hasie
igneoue rock wrleh were intruded irto the sedinmertary series end
metuncrorosed aleorg with the sedimente.

"we prohlem of the smphibole schlste hecomes e¢lesrer when
two Ixrortent facts are noted:

1. The gsreat majority of the amphibole senists--tuat is, these
exicsed ¢ e northern Paer of tae mountainse-are chemictlly and
mircrslo-laally very £inilar to the grey micae-zlblite schivtr except
thet zohitole renlaces the mices.

fe The 9urve soabingle gonists eseur sitraticoraphilioolly bilsher
ther tl¢ smphi cle-albite cenists, irtertedsed with the mica schilsts,
and ovly or thin weldsg.

The first poix® sheows *hat the aryhitole-glbite gehist formed
from nermel shales cortairive ur edxnixtore of buslce materisl. The
geennd shows thaﬁ +¥is baslic nmeterial wre copable of Teire dercgited
in irternse enucentraticr ar?d wi*h sherp breéake in the rormal rhele
deposition. The orly exnlanstion which fills these two conditiors is
the onc g~eated by ™lin 1) m-nevely, *het tre basice meterizl cone
gsisted of volearie tuff., “hus, ir neriods of irtense volesnie cetivity

nin reds of -mrs tnff wonl? he denosited, and ip periods ¢f lesger
gctivity thé fins tuffacecus meterisl would he thoroushly rmimed with
the normsl sediments, Ir nericds of quiet, cnly the normel shsles
would be denaocited,

If this g the correct eynltraticn we thould exnect to find
&8 grafﬁal transition uswards frou the arphibole-albite schirt to the
mies schiegts rnther than an shrunt chenced. /ind along the scuthern
portion of the contact betweer the two types of schist thic ig found

40 be true. Torthwards, the trune rulations are much obscured by
L 3

3



gtruciural eomdlicitions and the same condition csnnot be suid to hold.
It is felt, however, that Hulin's explanstion is urdouhtedly the
correct one, aliloush it introduces some further difficulties.

“he diversity of mireral speciex in the dend sciiists permite
still wure detulied gererslization on the charscters of the original
sediments:

1. ‘he mlica sehists originstied 1s sediments of very Tine grein,
havinges a hich content in kaolln or &lumimm: hydrate, low in magresium
(ehlorite;, and rather lovw in iron oxides. These fucts are clearly
shown by tre relations o epldote, Zolsite, und anctinolite. The schist
is chimracteriged,furihermore, by & hish percentase ol lime minerals,
indiestine thet the orisinal gedimert contained mucl caleite cr_lime-
Telds jare.

2o Unie voicCanie Luil whieh gave rise to the amphibole schists
must uave been Lighly besle to forw Leds of pure mctinolite. Uhis
Irtroduces the diivie:lty o0 understuanding how & suv-silieic lave
havirns the coaposliifion o su!irolile eunld pousEivl, bo gjected &g &
tuff.  denly hwelc leves ere Lo enersl very ilquid wnd terd o Ilow

oo

mueh core ree”lly thar to voernbelldste wrd e ejected as a twve Uhe

e

Tield relatiore seer to coempel ihetl cornelusiorn, however. 1te proportion
of megpreei o tc iren ir ithe criginel twi wes rather varisble; this is
g8hcvn b9 the veristic, fron colourlest wetimelite to ferrvirerolite and
horublenie in t.e satigts.

Z, The creevzvones were liveawlse formed from hignly besic rocks.

The s ' msle compieiticr and the stamfensze of hornblernde, albite end
epidote shov that the originel rook concisted cszentislly of culele

feldsnar and a3 ferrcussresium mineral, oserliaps a pyresenes. Tne line
grain size wrl the lse™ of 2 relic rexture poirnt to a shallow Intrisive
rather thar s pluterie rook, T4 ir gulte s0s8idle 1hsl 1hese sreensione

pluss renresert tho sgource of the tnuffs which gave rise to the amphiddle

(¥
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4. Ore reraining mireral is worthy of note in this respect«-
nemely, the fuchsite-mariposite. The morner of occurrence in nodules,
the presence of clronium, &nd the high percentage of megretite, wll
show clrerly that the nodules have Lecn lormed from fru;nents of o

highly besic igneous. roeXe.

Conditions of Metasorphlanm:

The wreveiline attitnde of the Pan? sehig’e and the universal
corcordance of heddings srd sebistosity »nlsilnly show that dyumie forces
have nlsyed no nart in their formotion. Uinenie 0PINISM - 1S
necescarily sttended Ly the nroduastion of foliation at (v wrnrle 10 the
orisinal beldins, arnd lesves & roel” g8¢ metanorrhesed with ‘Ywe struectural
plenes, beddine and eerlestosity., Thie 18 nlsinl: net the eornge ir the
Ran? schists, MNor 1s’t%ere eny eviderece ¢of the irterse folding thet
characterizes dynemic metamornhism. M the cortrery, the Tunitirge and
£ol1dla2 in the Rand "ountsins are ertirely svbrsecuert to the metae
:mmrphism snd were nroduced Bs on element of unlift, It secms, therefore,
thet metenorphism must have beer sccomnlished by s8imnle devwnverd pressure
fron deen burial, ard by reerystsllization at hi-h temvperatures.

It ig true that the validity of load metemorphism as an arent
of metamorpvhism has been called into serious question by many recent
writers. The tandemcy has been to place ar irerescing empnasis on
dynamic metanmorphism and to dery to hydrostatie pressure couprled with
high temperature the imnortarce formerly sssigmed to it. It seems
i~possible, however, to sccount for the parsllelism between bedding
ard schistosity and the undefcrmed attitude of t:e schists by any
anreal to drramié metamorphism. Dalyl, in defendings losd metsnmorphisnm,
says in corclucion, "eeeessit seems eminently wése to provide losd
metamornhism & place ir a general classificaticn of rock'changes, if

tut cluseificstion is8 to meet the needs of geolosists who Pave to deal

wi*y the Precarbrian formations.

A Aoy S W W A T

R.A. Daly: we*anorphism and Its Phases, Pall. Geol. Soc. im., Vel. 234
no. 2, 1917.
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The minerals which are regarded as diagnostic of the meta-

morphic conditioms are:

actinolite and hornblende

zolsite, epidote and clinozoisite

muscovite, blotite and fuchsite-mariposite

21lbite

tale
These groups fall into the upper part of the Mesozone of Brubenmann's
classification. Grubenmann's clagsification of the crystalline schists,
based on depth, has fallen into some disrepute in recent yearsl, but it
is thought to be especlally appropriate and accurate in the case of the
Rand schists, where depth of burlal and temperatures dspendent on depth
have been the controlllng factors in recrystallization. The assockation
of blotite, muscovite, and the epidote-zoisite group is clearly a Meso-
zone char=cteristic. The developgment of actinolite and ferrotremoclite
Instead of hornblende 1g further characteristic of the middle or upper
Mesozone rather than the lower. Alblite 1s only cqnfirmatory; it char-
acterizes both the Eplzone and the liesozone. Talc 1s gomewhat of a
problem. Grubenmann placesg talc in the Zplzone, while Harker2 states
that it is a stress mineral that may persist into rather high grades
of metamorphism. In this case, talc 1s emphatically not a stress min-
eral, nor is it an Bpizone mineral for it always occurs in assoclatlon
with pure actinolite schists. Thlsgs leaves as the further possibtllity--
which some fileld observations seemed to indicate-~that the talc rep-
resents an alteration subsequent to uplift. The source might be actino-
lite, and the formation controlled by small anticlines or other gtruc-
tural fe-=tures.

seé, for example, Leith and Mead: Ketamorphic >eology, 1915
2 Al1fred Harker: Metamorphism, 1932.
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* Atolia TJnartz Monzonite *

Just to the south of Rendsburg, an elongate mass of z »plutonic

.

iszneous roex is found intrusive into the Rand schist. This is believed
by Tulin to be a »nart of & larce bhatholi‘h whic™ outerons over & large

res in *he southern ard nor*herr partions o7 the Randsbrrg gquadrangle,

o

)]

”ry
L

meller arec o

D

nd in ¢ yround stolis, about 5 miles southeast of Rends-

Al
£

¢

hare. It wes nomed by TMalin tre Stolis Jusrtz Tonzonite becsuse of its
occurrence gt the latter loerli+:,
Detrology:  (nlote VII-z,R)
Tr the rree stnlie” grcurd Renfsburg, the hotholith is a
T

lores Tinrer-1like externsion sbou* 21 miles in length and > to 3 miles

in wifth. Considerrble veriction is found in this rock, prohebly he-

3

suse of ite smell esresl extent and becsuse it hes sssgimilasted much

1

schist. The freshest port hes o medium preaired pgreanitic texture, and
ie composed of qguecrtz, orthoclase, and plagioclese, with considerable
dar¥% hornhlende ard biotite, ard umusually large cryctals of titanite,
Mieroscopically, the rocxr is found to hecve the composition of a quartz
monzonite. Tlarioclase having the composition of andesine, quartz, sand
orthoclase are the chief constitments, wi*h snuhordinate amounts of
gly-pleochroic bio*tite and pleochroic greer hornblende. In sone
specimens, the zccessory minevsls &are very abundant, ch iefly larce,
well-formed erystels of titenite, end lesser amonnts of magnetite,
anctite, erd zireon, In others, however, there is a general lack

f seocessories. Strein effects are sometimes oronounced, in the form
of hent plegioclase *twinning-lemellae, distorted flaves of biotite, and
strein-shedows in the gqrartz.

Tn

.t meny loeslities, esnecizlly along the corntect with the

Rard scehist, the guertz monzonite as a very striking orbicula arl

- T Ay " o TE £ v . B TTT R - —— v e v T® s e e e - e —a e

“en "orhicle" is here defined as any rounded or angular freagment of
s, foreieon roct imbedded in a granitic groundmass.

(=
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Rerdebur~, Juet esst of the hirchwny, &nd slso near the tin cf the
batholith. Darl masces frorm seversl feet down to an ireh in dizmeter

sre forrd s-ititered them s granitic matriz, and in 211 stomes of assine

oy

#

ilatior. “heses orhicles nrdoubiedly resresent fra3§6ﬂts of Rund schist,
ag all z*s~ef csn he obrerved hedween sharn, angulur f}hgments that
st1ll retein thelr schictoas! y, to those which are only indECuted by a
darterir~ o the guertz manzentite. Mary tizers & runvter of adjncent

-

orbicles sre orientes wiith their schistogitieor 2ernllel 42 ve crother.

Near the wercterr ti7 of 1 e hathelith, &y ocvteron wiz found vhere

* )

comalete accinilaticn of ireluded Lrnorerts hed freveformed the quartz
nmonzeonite into a darl, fire-rreined roev. "Mmder the rierccec—e, this
wag found to have still tre ecqpesiticr o 2 nusriz mongonite, but to

have v un:zuel texture, Placsioclese srd gnarts ars tre ol inmncrtant

ecorstilents. The a‘%“~nvl: e formng rather sropll ervetals

bPevire e conositicon of ardesines ‘fary of +ther have heon grestly

eltered, an? "gier-lockins orretele Bhowing zoved extinctior are very

comnor. Tiotite 2rd horrkvlende, esvecislly the forrer, arc ths only
darr nirerale of imnortence. Texturally, thls rocr sonears very dbasgie,
as the nlerioclase tends to form enledrel ecrystals whieh s<ow te lie in
& "oroundmacss” of guertz, yet the setusl chemicel acmnositicrn is nrebe
&bly +hst of +tre rormol quartz monzonite.

aratier feeice of the quartz morzerite outercns beside the
limevtcore ridee mentiored sbove about 2 mile scnth of Nsndcbures. This
rock consiste of lerge bluck horrblende erystels set ir a vere fire
greirved nhite matrix which ig not determiredble with = hard lens, erd
whicl ~iv:s tc *he recer a surary fee1¢ “ediatine thru the roex in s
eriss-cross Jsttern are rumerous little strircers of & dar™ mineral.
‘The porohyritic anrearsnce ir confirmed under the miersscope. It ig
found thet the groundmess consiste of a very fine mosaie of small en-

hedr:1 pla~icclase greirs having the comnosition of srdesine or andesine=



lebradorite. In this groundmass sre set large ard small erystals of

hornblende ard flakes of biotite. The minute veinlets are found to be
composed of smell grains of diggide. The general appearance sf the
plegioclase suggests that it has been erushed (the "mortar" texture),
but the large hornhlende phenocrysts and the veinlets of diopside show
that the unusual texture is only the result of contact metemorphism, the
effect being here an endomorphic one.

Emplacement of The Betholith:

It is certain that both assimilation and injection were im-
portent in the irtrusion of the quartz monzonite. Proof of the former
is given by the orbicular rocks described above, and further, as Hulin
points cut, by the fact that whenever limestones outerop along the
quartz monzonite contact, they invariably projeet into the igneous rock
more than the adjacent schists. Injection has been a less importeant
but nevertheless very potent process¥ also. This is shown strikingly
in the "glory hole" of the Yellow Aster mine and in other small mines
along the contset. The contact shown on the map accompanying this re-
port setuslly marks only an approximate zone of injection and is by no
reans & sharp line of contact between the tﬁo rocks.

After Effects of The Intrusion:

No aplite or pegmatite dikes were found in the area studied,
but quartz veins are very common. Great numbers of these veins are
exposed in some of the canyons west of Government Peak. The veins
vary in thiekness from 6 inches to a few feet, and commonly cayry an
aburdance of coarsely crystalline epidote. The epidote is a light
green in color and usually forms radiating groups of slender prisms.
Individuel prystals may be several inches in length. Large masses of
barrer ﬁhite "hull" quartz are very common also, usually being quite
devoid of any mineral other than the milky-white quartz. Similar,
though much narrower veins occur in the quartz monzonite, and there can

be little doubt that they were formed as the last stage in the intrusion

9



Dike of rhyolite -
cutting the Atolia
guartz monzonite.
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of the quartz monzonite.

Age of The Atolis Quartz Monzonite:

Hulin (1) states that the quartz monzopite is younger than the
Paleozoic (?) sediments in the northern part of the quadrangle and
older than the Rosamond sediments of Tertiary (Miocene) age. Further-
more, the quartz monzonite outerops as elose a8 15 miles to the nearest
igneoms roeks of the Sierra Nevada batholith. It seems very probable,
therefore, that the Atolia quartz monmonite is the correlative of the
Sierran grenites and hence late Jurassie in age,
sk K K 3 o o 3 o 3ok KoK K oK oK 3 oKk o o o o o o 3 o o ok ok ok K Kk o o ok oK o ok ok ok k sk o o ok K ook ok sk o sk ok ok e e ko kK ok ok

* Tertiary Volcanics *

Acid and basie volecanie rocks are very common in the Rand
Mountains, in the form of dikes, pipes, and sills. Very little study
was devoted to these rocks, and no attempt was made to map all their
oceurrences.

Acldie dikes having the composition of rhyolite are by far
the most common of these types. They vary greatly in length, being
at times only a few tens of feet in length, and sometimes traceable in
segments for over a mile., The thicknress is ususlly about 10 feet.
These dikes form a conspicuous feature of the topography, especially
on the south slopes of the mountains where they have often controlled
the loeation of ridges. The attitude is usuelly vertical or nearly so,
although in a small canyon % mile west of Government Peek, a series of
parallel sills was found. The individusl sills were from 1 to 10 feet
in thickness, lying precticelly horizontsl and parallel to the en-
closing schist. Several small plugs of rhyolite occur near the high-
way Jjust south of Randsburg, and near the Yellow Aster mine.

All of the above mentioned types &are very similar in appear-
ence. The surface of & hand specimen is whitish or brownish, stained
by iron oxides or dendrites of manganese dioxide. A frasctured specimen

shows that the unoxidized interior is wholly aphanitic and even somewhat



Fige. 6: Quaternary gravels overlying
amphibole sehist. Note the
large fragment of schist in .
the gravel in the lower right-
hand corner of the picture.



glassy. In thin section, the rock is found tc have a typical
rhyolitic mossie, but extremely fine grained and exhibiting only in-
cipient crystsllization.

A few dikes of basalt oceur dbut were not examined mieroscop-
icelly.

In all ceses there dikes seem to have had practieally no
effeet on the intruded rocks other than slight injection when they
are intrusive into the Rand schist. ZEndomorphic shilling is occasion-
ally pronounced, however, espeeisally in the case of the basalts that
intrude the quartz monzonite. The resulting besalt is extremely fine
greined and sometimes eslmost glassy on the borders.

In the eastern part of the quadrangle, Hulin found that the
rhyolite intrusives intersect the lower 200 feet of the Rosamond
formation, and that the basslts appesr at a somewhat younger horizon,
approximately 500 feet from the base. From this he was cble to date
the rhyolite as early uvnper Miocene, and the basslt as upper Miocene.
Aok o K K R AR K KKk KA KA KK KRR oKk Aok ok ok ook kK Kok ok ok ok Kok K

* Sediments *

No sedimentary roecks other than quaternary gravels outerop
in the area studied by the writer. But at 4 different localities on
the floors of the steep caenyons leasding to the north, smell patches of
unusually well consolidated gravels are exposed which might eesgily
be mista¥en for rocks of an earlier pericd. At all 4 exposures, the
rock is very similar in appearance. It consésts of coarse, angular
fregments of schist, gquartz menzonite, rhyolite and qusrtz set in a
matrix so firm that it is difficult even to break off a speeimen. The
ineluded fregments average about 3 or % }nch in diameter, but at one
outerop a flat slab of amphibole schist about 2 feet ir length is in-

cluded.
Hulin states that he found a small pateh of feldspathie
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sandstone neer the tip of the quartz monzonite intrusive whieh he
considered to be & fault block of Rosamond sediments. The writer has
failed to find any such outerop and it is possible that Hulin wes re-
ferring to the consolidated gravels described ebove. The possibility
of these gravels being Tertiary in age is ruled out by their occurrence
as typicel recent stream gravels, and by the fact thet the eonglomersates
and sandstones of the Rosamond formation are all noorly consolidsted.
Their age must therefore be set at quaternary.
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* STRUCTURE *

The# structures of the Rand schist and the Atolia quartz
monzonite have been discussmed above; there remains now to dbe méne
tioned only the general structure of the Rand Mountains.

Perhaps the most striking feature of the Rand Mountains is the
grest difference in relief between the northern and southern slopes.
The abrupt northern faece and the gentle southern slopes suggest
immediately that uplift of the range has been aeccomplished by iotational
movenent slong a fault at the northern foot of the mountains. The same
result could be attained by either a steep normal fault or by thrusting
towards the northwest on a low-angle fault. But in searching for such
e fault, a 4difficulty immedistely arises---namely, the character of the
roeks involved. It is certain thet minor faulting has played a large
part in shaping the topography of the northern slopes, yet the faults
themselves can never bg mapped and hardly even located except in rare
instances. The reason is, of course, that all of these faults are in
the Rand schist and that faulting in such weak rocks is immediatéiy
obscured by slumping and sagging of the adjacent fault-blocks. Strue-
turel evidences of faulting can be found in almost any cenyon on the
north élopes, but the fault itself ean never be located accurately and

ad jacent canyons mey have entirely different struetures. In a small
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canyon in the scuthwest conner of the map for example, it was found

thet one side of the canyon was formed of green amphibole schist and the
other by grey mica-slbite schiet, the two types heving highly discor-
dent dips and apparently butting into one another. In attempting to
prolong the fault that probably lay at the bottom of the canyon, it was
found thet as soom as the cenyon was left, the structuee beceame too
obscure or too different to permit any correlation. And suech a con-
dition is the rule rather than the exception.

Besides faulting and the slumping subsequent to it, it is
very probable that simple landsliding hss introduced many of these
miror struetursl complications. The Rand schists are rather weak rocks
when weathered and sapping in the steep canyons has no doubt caused
rotatién of smail bloeks and produced the discordant dips.

Thus it is not difficult to account for the laek of a recog-
nizable fsult at the northern foot of the mountains. Yet it is sig-
nifiecant to note that meny faults are exposed in the mines of the
district. Hulin states that the largest of the faults in the Yellow
Aster mine is a normal fault &€ipping about 40 or 50 degrees to the
nopth., This indicates at least that such stresses have been operative
in the region as would produce the fault that is suggested so strongly
by the tovography.
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* GEOLOGIC HISTORY *

The history of the region arcund Randsburg began with an
Archean sea in which fine clastic sediments from a distert land mass
were beéng deposited. During the earliest period that is recorded in
the Rand Mounteins, igﬁeous activity in the region was almost continuous
and  enormous quantities of voleanie tuff settled into the besin of
deposition end were mixed with the normal se@iments. With the passage
of time, the volcanic activity became more sporadie, depositing thin

beds of pure tuff end finally dying out altogether. In connection with
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this activity, numerous small plugs of basic igneous rock were in-
truded into the sediments. The deposition of shales, sandstones, and
limestones now continued until the lower pert of the series hall been
buried to a great depth. Under the pressure of the overlying sediments
and in 2 zone of internse heat, the lower sediments were completely re-
erystallized to schists---the Rand schists as we now see them.

The record is now interrupted until upper Jurassic or early
Cretsceous, when a batholith of quartz monzonite was intruded into
the schists, emplacement being accomplished by both injection and
assimilation. Intrusion was followed by the injection of numerous
quartz and quartz-epidote veins in the surrounding schists.

The record is again a blank until Miocene time, when numerous
dikes, sills, and plugs of rhyolite and finally of basalt were intruded
into the schists and’the quartz monzonite.

At a somewhat later time, possibly Pliocene or Pleistocene,
the Rand Mountains were uplifted by movement on a steep normal fault or
a thrust fault, and erosion gradually shaped them to their present to-
pography. Eroeion under arid climstic conditions soom produced a
highly irregular and steep topography on the faulted northern face of
the# mountaine, while the southern slopes retained the smooth surface

of the pre-uplift erosion period.
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PLATE I

Biotite-elbite schist; dark streamers of
biotite surrounding grains of quartz snd
albite; plene polarized light, X50.

Biotite-albite schiet; B, biotite; Q,
quartz; X-nicols, X50.






PLATE II



PLATE II

A: Zoisite schist; clouded zoisite crystsls in a
mice schist; plane polarized light, X30.

B: Amphibole-albite schist; dense aggregates of
minute actinolite needles surrounding grains
of slbite and quartz; plene polarized light,
X20.






PLATE III
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PLATE IIT

A: Hornblende schist; H, hornblende; L, albite;

Q, quartz: dark masses are clouded epidote and
zolsite; plane volardzed light, X30.

: Actinolite schist; plane polarized light, X95.
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PLATE IV



PLATE IV

4t Aetinolite-tele schist; A, actinolite; T,
tale; plane polarized light, X95.

B: Actinolite schist conteining much fuchsite-
meriposite (chrome-mica); 4, actinolite; F,
fuchsite-mariposite; M, magnetite; plane
polarized light, X95.
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PLATE V



PLATE V

: Greenstonm schist; A, albite; E, clouded epidote;
needles are actinolite or hornblende; plane polar-
ized 1ighk, X 95.

Quartzite; X-nicols, X95.
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PLATE VI
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PLATE VI

: Quartz-albite schist; A, albite metacrysts; Q,
quartz; plane polarized light, X30.

: same as A, the groundmass of guartz; X-nicols,
X95.






PLATE VII
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PLATE VII

A: Quartz monzonite; A, andesine; B, biotite; Q,
gquartz; T, titanite; X-niecols, X30.

B: Quartz monzonite with completely assimilated
schist; A, andesine; B, biotite; Q, quartz;
X-nicols, X95.
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