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@eology of the Cacius Mines, Rosamond, Kerm Co., California
introduction

Loeation of the Area.

The Cactus ore depusits are located in vhe western end of
¥iddle Butte hilil, about ten miles soutihwest of the town of
Mojave. ‘'Phe hiil extends over parts of seciions 4, ¥, 16, anc
17; T 1o N; K 13 %, SeBebele & Mo This arca is in the north-
saustern purt of Antelope Valley, ivhe wostermmost oxtension of
#ojave Desert physivglaphic province.

The Cuctus dines consist oi tures orebodies, the Cactius
and the Silver Frince, sotu located on ths same struciure, and
the Vinkler orsbody, lying roughly 1l50u feé{~z% the Cactus in
chyolive. These deposits mark the present western liadd of the
iojave ifinang District whicn Lue suppurted considoravls mining
s.ctivety, ail various periods, during tne jpast firt) yoacs.

The mines of the district ure mostly of the gold=salver
guifide, epithermol type. . The total production of all the
Lines an tine district is provavly mear ¥20,uul,uuue Larger
proaucers anclude the kxposed 1Treasure, fellow Dog, sStandard,
and uho Pride of Mojave on Stmandard Fill; the Queen Fether,
Golden i'ueen, snd Lodestar mines on Soledad Fill; thc Tropico
mine on the south side of the Rosamond Hills) and the Cactus

mines in the iiddle sulie.



This district, and the Randsburg area to the northeast,
sccount for the greater parv of the gold and silver production

from Southern California.

Purpose of the Investigution.

The purpose of wnis investization was to study and record
the geology of ihe Cactus Hin: ore deposit and, 1f Jowsible,
those factors which influenced or controiled tné localization
oI Ore.

This report and accompanying maps ars presented as a
thesis in partiaml fulfillment of ihne requirements for +ine
Master of Science degree in geology at the California Institute

of Technology; Pasadena, California.

Method of Investigation,

The underground geclogy of the ore deposits was mapped
on eacii level of vhe mines on a scale of 1" = 2w', Struc-
tures ovserved were recorded, rock itypes and goeneral degrees
and types of alteration were noted., Thsse maps are on file
as a part of tnis thesis,

Samgles for laboratory sxamination were taken from tne
voeln, every <5 {eet, down the main, or no. & shaft; and down
e stopes and ralses norih of lhe shaft to the 800 foot love
el. A suite from the vein on the TU0U foot level was taken
at frequent intervals along the strike, and several zroups
were collected across the vein, The cross vein samples were

ssparzted at every change in character of tie material from



ona wall to ihe ovther, Alteration suites were collected from
crosscuts in tne foot and nanging wall areas, 1o date, thnese
wall rock samples have not been studied in sufficient deisnil
to add much to the kunowledge of the geology.

Laca sample taken was located and plotteu on vhe under-
ground maps,

The mineralogy ui the vein smmples was studied and repuyrte
ed in the thesis-"The iiineralogy of the Ores of the Cacius
Gueen Mine™ filed with the Celifornia Instiiute an June, 19441
by 4ir. Alexander Smithe T, Smith studied the sawn surfaces
of several specimens from each sample under a vingcular micro=-
scope, and selecied those shnowing critcal features for pol-
i1sning and examinut.on in reflected light under a wmetallo-
graphic microscope. The mineralogy, texture, ana veristions
in the ciaracter of ihe gangue were determined and recorded
for such specimen. #r. Sumith's investigaiion forms an iantegral
sart of this entire work, and als reyort suousd be read in

eUnnGCtAOn Wit Thls one,
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Physical Conditions

Relief and Elevations of the Maddle Butis.

diddle Butie 1s an isvlstsd aill of rayoliitic rock rising
acruptly from the surrounding desert wiiicCii very gradualiy
slopes soutnward witu practicall; no relief, The uessri {loor
«i the Maddle Lutie area has an sievaiion on the souin side of
e wali of Lduu $u80, duvu loul vu Lo weol salv &b Lue Lacius
camp; and 310u foet at vhe moruin end oi whe hall, The elevaie
ion of the tup of vhe hill for nearly all of its extent ig ue-
tween 4uy and Sy ieet greater than that oi the adjacent plail.
Tne highest posnt, iu vhe ceniral area, i1s 34uu feet. The
crest wvove was Guootus wane s 331lu feet.

At the svuthern end, iadule buite reaches its maxiuwu widti
of 15 milese Tue nadl narrous clong a two wele northoast "axis"
10 apyroximately % aile width in the aorta.

Several canyons cuv nearly acruss the hniil from wie south
und sast sidss. Shorter canyons on ihie northwest siae mest the
soutn znd cast side canyons al Low sauaulos. Mdost of ne ndlie-
sides and eanyon walls slope between itwenty and thirty degrees.

The summits of ridges are rounded aud jensrally narrow,
but in a few places have nearly flat arcas of {ive or six acres
wiich uave ihe appearance of a suriuwcs onl; sligntly eroded,

The togougraghy oi Mdidule Buiie is conirolled to u yrew

extent by the dugree and nature of alteration of ithe ruyolive



and by large scails faulie Yory litils oif weu rajolese usss

is unaltered. Ths two princapal iypes of atlierakion ars:

L. saliciidlomtasn o8 Varyiky LuTonsity lacludanyg Culipleis e
plicement of lorge wasses ol rujoisie; and <. alucitizoioon,

usuclly nCcuupEiLcd Uy SuriciliinTion whd Kaolinliz@livie Ale
undbi4ation 18 more vadesproad than silicalication and lg

we st coue.on in Lhe lower und wmaddle parts ol whe hall, snale

seticafication iz ususll; confined o tus wpper parts Liion,

L6 sdlecifaod rock forad @ Chppllly I0r several HULWIGu ,ules

[

alon, the crest vi & Tinoce Thiy reuasiant rock as responsible
for iho crags wad the lescer eroded ndghland wrease ‘The softer,
alunitized rujoidte s easily woulnered and has peruiiveed Lo
cuttaiiy 0l 4e@p cayuns whelevor bho siiicilivd Coppely hbe
LECR UL Lirsugde any Subyons chd luw swddles croosin; bhie
ddi gro provesty conitrolled by Lurso 1aLite wnlon pSranat mors
sifectave wealiori; utisitie

The swuat arew 0l the nill s thus an area ol low orf Lode
srate roeluel, composed of zither itiae upper silicliivd rijalaie
Lugsr or of & hard and resastoni, flow Lenasa lelsiie. wootier-
ed from bhis Up,or Took &XC IouUgi, oXugpy L0Ugso, DU T2 duu

foetl thieck, whick hove u steep prufilee Lu the lower, ailliiii-

ized rayolits from he bass of whe crag-forming ledgés tu wue

Structures herein referred to as large scaule are thoss ihat
arce traceawie for several hundresd ool znd thus are roelatively

lorge wath regpect 0 140 dimensions of Lhe nille

]



desurt filcor the surfuce ulopes umiformly 2t o moderate ougle,
Beczuse of severzl long, deosy cunyons whilch cut suack iate
the nill, ohe sumuiit ares is reducsd o a siswldl {ractivn of
the totul ares of the hill. If the term, "butte™ is used loose
1%

Ly ihis n3ll may be classified as such; bus 1f a buiie, 1 i

one whici: nzo book sroded to the stcge ol early waturit, weth

gonsequent desiruciasn of wany of iis Lutlv~like characieristics,
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Geological Conditions

Kegional Geology.

fid.le Butte liec near the morihern sids of Antelope
Velley, which ig = large struciural unit formed by two sraat
faults, Lhe Sun Andrsas on the southwesit sids snd the Gsriock
on he morihuest. The Sum Andreas rault strikes S.70% k. im
thids mresn end he Jariock svout N6o® E. ML, intersect at
Tejon Pass, which forms the western spex of Amtselope Valley,
shout thirty wmiles southwest oi the wmins. Yhe valley is wedgee
sanaped, sxtending oastward wnito the Mojwve Deseri regjion with
a0 defiunie boundary.

The Tehachapl iountoin range lies north of the Curlock
fault and the San Gabriel range 1s locaoted south of ithe San
Andreas fault., DBoth mountein masses, which are thres or four
thousand feet highes thon the valley, we compused priccipally
of Palovzoie awi oldor metamorphic rocks and Jurascac Lpbluge
WVE S,

The Cdliow Springs fauly s the lurgest known structure
in Antelops Velley. 11 can be iraced alomyg the soutn side of
hosamond hills frow Rosumond {dry] lske wesuerly ihrough wille
ow Springs end for thrce or four wmile: beyonde Its total
lengin ig greater than %on miles, Rouwanond Lills were jrobsbly
formed by movement on this fault. No other fsult of compare
aible lengtih is known in the valiley.

The rocks 8xposed in ihe distriet form two serles. The

basemsnt rock is quartize-monzonite and relsted =meid 1mirusive



Je

rocks, considered as part of the Sisrra lsvaia batholith of
Jursssic age. All rucks overlying the Juarize-monzoniie hase-
ment are clussed as part of tho Rosamond series, of iicceus age.

The #igcens rocks cccur as isolated nills in variovus parts
of the valley. They include continentzi sedimonts, tuffs, rLave
as, and 1ntrusive porphyriss. The voleanmic facies range from
felsitic and porphyratic riyolite tu andssite and some vasalt.
The type loeality of tials serles is uhe Rosumond hills arsa,

ten males sodbn of she town of #ojave,.

Geology ol the Middie Buiis,

The regional geology of iiiddle Buite is still incomplsie
and will remedn sv until the srea is careiully mapoed ai detail.
Particular emergy nesds to be direcled itoward differsntisiing
the various porphyry umils, and to determining their genorsl
attitudo, As yei, 3t is not known whether they Iormed ns Ylous,
or as a wass of interlacing intrusives, or os a monolith with
later intrusive bodies of nearly similer porpayries cubtdrg
VRIOUENR 1.

Mepping of whe various porphyries s individual units is
mado diffieult by their lack of reiianle adstingusshing fealures.
Alteration has dsstroyed the diagnostic winerals viwroughout
the major part of tae mass. “nconspicuous cut determinable
diffsrences in texture and jrain size remain the cnly means of
diflerentiation. Anotner daificul.y is the limited sxicme of
unanteruptod exposures,

daddle s utve ie forust by a mass of rhyoliate porphyry



lying upon a quartzemonzonite surfuce., The surface dips 30°

to 45° soutiieast and strikes N-35%t0 50°-H, outerospang along
the base of the northwest side o! the kill., Faulting with aun
undetermined amount of movement has taken place along this
surface. The contact between quartz-monzounite and porphyry is
deseribed later.

The hill-forming porphyries overlying the gquartz-monzonitie
surface contoin several different rock units. Rhyolite porphy=-
ry is most coumon. Uthers include quartze~keratophyre, snd
gquartz-latite porpnyries.

Several explanations have besn jresented for the origin of
the hill. As yet none can ve wnoll; accepted and the otners
completely rejected, 'The contact beitween porphyry and quartze
monzonite nas teen faulted to an undetermined extenve. At every
place so far exposed the original comtact features have been
masked by eitner a neavy gouge layer, a breccim zone several
feet in width, or a quartz vein, The amount of movement along
this contaet fault has & vital influence on wny hypothesis
concerning the origin of the hille

The original conecept pictured the hill as an eroded mass
of surface flows lying on an erosion surface uf quartze-monzonite.
if this is correct the quartz-monzoniie surface and 1is vverly-
ing burden must have been tilied to =mecount for ine inclination
©0f uheir contect. The fault-like f-atures of the contact could
nave peen caused by the porpuyry siiding a short distancs down
The contact al, or arver une jeriod ol tiltang. the diflerent

porpayry units siould then appear ss flows parallel to tha plane

10,



of the munzonitc suriace.

Br, Harrison Scnmxttl has BUgE. 65Ted Last TNe porphnyry muy
represent material solidified within z calders, or lLurge volcau-
ic orfice of the central veni iyoe, from which there was repeat-
ed effusive actively combined with ocoasional explosive ejectiions.
The contact would ve classed as one wall of ihe caldera, Tiis
expianation reyuires no orderly arrangement of the porpnyry une
its. only & auall movement would have taken place on the coniact.

A thnird slternative pusitulates the porphyry mass as an ihe
trusive plug, esssntially in place; with 1itile movemeni on tihe
contact aiver solidification. KRecurreant inirusions would be
regqusred Lo account for dafferent uniils an the porphyry vodye

Two other possibilitlies require larye scale fwuliing along
wne contact. If the contact fault is normai with a large dise
placement, the porphyry wass could ve a depressed viock repree
sonting part of a lurge lava field that way save covered a sur-
faco ab leust a thvusunu feet avuve Tne presens aesers Lovel.
Tae down faultea part would ve lss:i eroded tnén the rest of the
surface, and after Lhe originnl surface was eroded the deprosse
ed block would stand as a imiriy resistant mass conparzsd to
e more easaly eroded quartz-monzonite. Thus the nili would
v wasnout roots and would ve only & remnant of 4 wore @1des§%aa

sories of flowse

1. Harrison Schmitt, Geology of ihe Cuctus fueen iiine,
Private report, 13939, 1340,

1L



5111l anmother nypotnesic posiulates thrusting along the
fauld snd tre kil &s a horst. ke gor diyry would then have
teon deraven from & (hick sill OF G-xo neny dundred 16t vslow
the presevnt surlsce, This possibiliiy s jeruags he Loast ade

zobable to the kunown facts.

fetrography and Petrology of tne diddle Buiie.

iiddle Butte 1s composed of thrae uifiereni rock types.
ihey wall be descrived iere in oraer ol grealest age.

The basemént rock is & plubonis mast belonging o the
Sierra Nevade batholivhe. At Middle sutte it uas the composi-
tion of a biotite~quartz-monzonite., 4ts texiure is medium
srednea wibh anisdral quartz snd feldspar, varying 46 sszse {rom
3 0 5 willametres, walh occasional crysials of subusdral orthe
ocluse as largze as 10 or L5 muae

Y08 sppeodiante proporuions ol wue weseralds oo as Jokiowss
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The rhyoiite cnd sodeerhiyolate porphyry mass are next in
aze. Taey lie atove Lhe aoutﬁgﬁat dippin, (UAITZ=LoLZ0Niite
surface, and alss ocour as intrusive Dodies within wne quartze
monzonite. There are, as mentioned previcusly, several petro-
grapnic varieties. The nmost common sgscieé ig rhyolite porphe
Jtye Guartz-kerato.nyre and dacite nave also been identifliod,.

This series has a typical porphyritic vexture with variabls
gized phenocrysts., The gquartz pnenverysis are always corroded,
irrszular in shape, and their maxdmw: diameter ranges from 1 to

12 mm. The orthoclase and albits phenoerysts are Jenerally

-

<
eunedral crystels with a size range from (1 mm. to o au. Ofton

the feldspar crystals of a certain porphyry upst will ve uniform
in srze, Tne gnenocry sts ar'e arrtnged ia naghazard fusnion tarough
the rock bui frequently a fiow structurs is discernaole .n the
grounduass of an unaltered speciuen.

The mineralog; as listed below .s swmilar to thay of the

guartz-monzonite:

assential minerals, ~Average
Guartz : lu - 159 of rock
Orthocluse : 1 - B " "\ Lhen ortuoclase is
{1 or less and ale
Plagiociase, & bite or olig. +1U%
Albite or ‘ the 1ock iv clags-
sodic oligoclase:r b - 3un " " ) ified as gquartz-
keratopiiyre.
Accoseory minercls,
Biotite s ¢l - 1% . on
« "

groundmass : bu - 0%

The difrsient facies of ihls grouy cen be distinguished

in hund specimun altuough tihey are closely reluved petrographaiealily.



4.

Ths youngest rock emplaced iun the #eu.ie Butte is rhyoslite
Telslbe, wiich shuws & merked flovw danuiiiie It osuur: us plugs
RGOTHO POrpiyT; st «u sevirgl plucet mo o eagolng abeve the

parpiryr, . Yhis felerts has also beeh fouRrd du THE GUATTLZ-lu0 e

Zuiets as daizves L to B fsoib wide.

IS

The rayolito felsite 4«8 w whass colored rock composed
mainly of gquartz and oruiiociuse and 45 lwckai, 4a dark or irou

voarang uinersls. The sxirusive felsite exhiliis flow breccias

&5ojaginy placoss

Ore Depocats 06 the wliddio dutte.

Tuers are dbuive general ciusses ol ore wegosavs An iddle
Bulie., They are distangu.susd by thedr mincrailzation sr loc-
nteou. As sxploring aud deveiopment prugruss, Lhese clusses
SHOW LUCTofsaily &VLdencs ol a cluse FZenetit 1eiaitiadiisnipe

Tue turee classvs of depusiis ared

l¢ Ths quarig-suilfiae-gold groupy iocalized vy & coatact
betweon QqUori2=-monz0uits alid porpayry.
e Kuartz-sulf.de depusits entdrsly within itie porphyry.
30 Quartz-aluhiio=z0id dopusaetvs, wihickh uauve veen found

Lo uwhe vl ko bne porpujry O Jelssive

sk of ne gorpayrrenotionetc contuct hins served o w
locus of depositidn foi guariz bodies. The comtuct 1o chinre
acterized Ly frogquent veins, lLousSst ulld w.Togulalr roglavcuent
vondos of quartz, separatec by arces in whach only gougs exisis.
Tne Custus sad Silver Prince veins of s wXwaples oI 1his 1yp6,

they lie su the contact and on locik zontroileu vy tne conmtsci.



These aspoelis wave wten o6 most amgoriust on the hill ix tcerms
of ors produsiion.

The localizzation of gquuartz zlong tnis contact is procaosly
due tu structural and pnysical conditions rathsr than 1o any
ciomical influence exerted by tre wall rockse The coniact
gtructure offerszd a deepwreacning, sxtensive chunnsl to minere
aliszing solutions. Any other long, deep fracture wituin the
rhyolits may have cesn equally [avoreule ior deposition,

The minerslization ie quariz esmplaced princigjally by mete
ascmetic processes, accumpanisd by small auvounts of the coue
wor sulfides lacivdang pyrite, eaalco yrate, anu vecasivnally
sroenopyrite. valena, sphnuleriie, chalevcite, covellits, Lorne
ite, the silver suli-arsenides, silver suliides, and gold are
found in the commercial ore shootss Adularia, barite, and ale
unite occur in small juantitlies as Llate mineralization producis.

Loecation of ihe ore snoots in the gyuartz will be discussed

lf.’,tﬁro

The quartzesuliide deposits eatirsly witaln the porphyey
extiibit a eimdilar fora of mineralizatiocun to that oi the contact
Yyote They ore locealizod by fauits, jodavs, and sntcaformation=-
al porphyry eowiactss Gemerall;, die; =re oI limitew latesral
extent witi widtas raaging from a lew szcacs 9 wuenty-iive {oet,
ur mors. ost comuonly they are from two 1o Tive feet wids,

Lt outerops

Mhe Shumske veln ie za exumple ol hes 3

gk bhe morthvest oade 07 the nall, a&bout LpPQO fset norin of tus
Zalver Priucec Ko. L oshalie. From tnds podnl Ll call be Lraced

on whe surface sul or wuu feet aorineasiorl, v tug Sumamake scald

15,



where % waberseeti otnor guartz veinc snd is out off oy fault-

- b T 1 £ -2 Y 2 P - A < ‘,- - . - R 5 = \0
ing. “he strike of whls vein 1s anout Ne70%=F, and ihe dai, 6u

Hefre @1 the suriace, Huch oF the veir is opurron nul 2 Isy
gmsmll ore snoote have veen dalscoverzd. Sailver dimsralizsairon
15 of munor Laporiance in thsss ors snoote, gold being thegf'”
_(
domenant ore ainsral. Recent development indicaies thai this

vzin nranches from the sontzct veine Thers are ssveral veins

of thes type in the rhyolite which should be eogasidered in

w &

future are saarcn.

The qnartz-alunxza-rolu deposits zre charscterizsd by =

v

angsve cuntaandisy predomimating =moumts 5f al.site. The seatl

e

of deposition is in most ezses alung a {rscture ia situer e

porphyry or the felwuite. The coptrolling frecturs usuall, serves

2t a fosuwall sbove shich the vein is degoslted by repd
of the namgdn, wall roek. The velrn nexjing wall ds forusc oy
siiort, intercect.ny prowinsral fragturss aad Aenle, i3 guiite ire
rezutar, The width of the veln may cnange rrom four or fave
iset TO £6 much w& rority feet witonan a strike diglancs of Llou
166l
Tz quartzeslunits Lody now ooiny devsloped end mined by

2¢tus ines is ithe ‘inkler vein. It is on & fraciure tnat
strikes northawest from the csuter of ssctuiovn 17 and dips 3% %o
55° portasast. This loceidzing fraciure r2i boek drified ou

for suo fest on the 3250 oot Lsvel =ma ic o sirasg structure at

%]

gLeh fendinge Jreo Veln deposived om this Iracture so sbout 2w
Jeot lony and Las veern opomed 1o s desid of 40¢ Teet dowa the

2

dige Qrs thoots ure found eporacicelly along ths vein., They



17,
are usually less than 200 feet lomg and from 5C to 300 feet deep.
Their terminations are abrupt and often lack even narrow gold-
bearing feeders. The largest ore shoot extends from the surface,
&v the no. 1 pit, for 280 feet down the dip. At the 28¢ foot
level it terminated as a jointed wedge, althsuzh the loealizing
structure continued downward. Another shoot lies about 150 feet
farther northwest on the structures The toj of it is about 220
feet below ihe surface. It continues downward 150 feet with
ore of good grade 21l the way to the lower termination, which
is aorupt. The strike length of this ore snoot is les: than 100
feote DBelow this shoot, on the same uiructure, the vein is
wide and very sirong, composed of eartny textured, barren aiunite.

ine minerslogy of the veins is essentialil;:

Alunite

- - t 18 mineral
Quarts predominant ganyg .

ricite
S? 8¢ _ ix winor quantities,
Limonite

Arsenopyrite - trace,

Gold === ocecurs in shoots, usually of moderate or high
grade,

Small succest was met in am attempt to relate the occurance
and limitaticn of ore shoots to specific porphyry uuite., The
ore lies in smell lenses which cut througn various facies of
rihyolite indiseriminately,  and are emiirely isolaied on all
sides from any other ore _ocket.

The only oiher quartz-alunite deposit from which ore was
jmined in commercial quantities is the Middle Butte ors body,
located in ths southesast corner of the hill, in the southwose
L of section 15, This vein dips 35Y northesst st the surface

and £20° at deptn. It Lies in felsite capgang the porphjyry,
2 Y POTy ¥



lb.
ani ie localized by = normal fault of moderste {less ithan ivu
feet) dlsplmcement, Huen of thoe aroducilon was from small
suckets formed st inmtersections of ficeures with the vein struct-

pproximetely #250,000 of gold wes extracted. In both

uree. Ay

of theps deposits silver mineralization is mils



deology of the Cacius Gre Body

Location of the Cactus Ore Body.,

The Cactus ore body lies in the western ond of Middlo Sutte
1#dll in the northuest part of the southwest quarter of section 17.
The collar of thgbmagn or no. & shaft, sunk in the vein, is 150
feet south and 720 fest east of the quarter corner of sectiouns
17 2nc 18, snd =zt an sluvation of 306U.. fest. The shaft is
inciined about 40° witn a beariny from sollar to wottom of S$-37%-W,

This shalt dividss the ore body into appruximately equal parts,

Attitude and Dimensions,

‘Yhe vein hou an average strike ot he-4U®-E and dipe 307 1o 459
southenst, It pitehes in a direection Ne75%-k with a piteh
Length of «t least 1500 fcet, measured from the top of the
S e BT0O=Gt0pe, <Vuleet southwest of the siaft an the 2uy foot
tevel, to the W-%uu-Drift., The breauth, measured along tis
ore shoot at right angies to the pitch length is 4uu {9st and
e gremtest stope lengih, or horizontal dimension is 6UU feet.
#idths are 1> or 20 teet in the central area of the vein on
the 40u, 500, and 6Cu fool levels, They decreass laterally
townrd the edges wnere the veln pinches out completely or
terminates against premaneral structures, Ths average widih

18 about 5 feet.

Structural Conditions.
The principal geologic structures assvciebod witi the

Cactus ore pod; ars as folliuws,



le A yuarbzemonzonits slab separated from the foct-wall

artzemonzonite mass Ly an intrusive poarphyry dike

rougaly parsllel to tne Sontuct.
2e The shear zoune Ln which 4o vein s uspositod.
ig comtemporsnsous am part itk ihe ¢ostast shear.
3o Ine combact snear hetecsn the quartzemonzoniis and
the hanzing-wall porghjry.
4, Gross faults in the Cactus vein areus.
A, Intermineral; post first siage und pre third
stasze aninsralization.
Be Post mineral.

Ge Large zcale cros: faulss wivh 100 to 10Uy foot

displacement; undeiormiusd age,.

Ln th. visinusuy of the Suetus veln 2 slat of guertzemonzon-
1te is seperated from the foot-wnll quarizemonzonite by & dike,
10 1o 400 feet wide, of rhyolite and soda-rhyolite jorphyry.

The nalls of ke uike are irregular but the general sirike and
diy of it are are wbout parallsl io thet of the contact struct-
wre, JIhe guartzeronzonite sejment is =t least luou fset in
sirike lengtn on ire dul foot level znd varies IR widvg of LidCKe=
ness frow just o few feet to 100 foet. It extends in depin

from the surfoce to below the 90U foot level of the mines

The dike separating itnis tlab hes many branches shooting
PP wnbo trne monzonite 4im vorious siregtions; some of ther
subting througn the slrbe Wiere the Guks 1o brickext it nas
LACiUGed 18Fge biveks ol guisbz=nonzonive, lua@se Lrregularii-
low vell tuv sonbenuaiy of oho peslosy Ioun level o levsl,

At the prasent tume it cannot ve determined whetaer this

e
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Generalized plun of the Cactus vein showing the porphyry imtrusive
and the isolated eegment of quartz-monzonite. Scale: 1"=1300°
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Generalized section
of Cactus vein ares.
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slab is completbely isolated from the ra3t of the monzonite by
the porphyry or whethsr it is connected at one end. Tnis slab-
binz of a section of guarizemonzonite las been vbserved only
in the area occupired by the Jactus vein and may be of some loce

al significance.

A BLasBL OF Lou dr fracvure 13 the locus ol the Ceelus

voine. JLIrn certain wrear southwest of tne madn snaft this zons

s contemporansous with tite contuet shear ana the vein is 1oCe
wled direcily under the contact gouge. [uls is irue from the
Luu oot Level continuowl; down Go ths 4uJ oot level ulonyg the
soubih end of tne ore vody. At vary.ng distancss irom the south-
ern termination of the vein on the different levels iue vein
snear zoué leaves the contact shear aunu passes into the fooi-
wall, where it strikes roughly parallel to the contact shear,

% to 10° st spe

but twenty o fafty feet beyond it. Lt dips 5
er blitsi the coutaci. waere the vein uss iolit vhe coubuct snear
it iz entirely within the quaritz-monzoniie slab described in the
oroceding section. At 1ncreasing deptins ins vein lies ferther
in the foot-wall ares. This is seen cepecially on the msps of
the suu and dus foot levels.

ii.; the vein was not deposited continugusly against the
rhyolite - nonzonite contaet jouze, which 1is definately pruo-
mineral, is difficul®t to explain. It 1s possible trnat a brauch
fracture was ereated in the monzonite slab by the force of thne
fostewall inocusion of the rhyolite and that this fracture in

the monzonite tlab may have teen more open to mineralizing



solutions than the rock against the contact gouge.
Farther unorth along the rhyolite - monzonite contact,
in the Silver Prince ground, the vein lies on the hanging-

wall side of the gouge.

The "contact shear® 1s the structure which marks the
main porphyry - monzonite comtact. The hangiuge-wall rock
is rhyolite and soda rhyol.ts porphyr; that forms the bulk
of Middlso Buite hkill. The foot-wall rock is yuartz-monzoniie.
This structure and contact should not be confused with those
of foot-wall porphyry intrusions in the quariz-monzonite which
are common in the Cactus vein area.

The contact shsar has developed either a gouge layer or &
breccia zone. One or whe other has been prosent wiherever the
shear is exposed. The gouge varies in width from six incues
to five feet and is composed of finely divided rock flour, It
has been strongly attacked by altering solutions and L& some-
times silicified or stromgly pyritized. where brecciation has
occured along the shear there is often a zone ten to twenty feet
wide in which the rock fragments are moderately rounded and the
various types of rock are mixed together., The breccia zones
have in many places furnished & locus for vein deposiiion, s
in parts of the Silver Prince area, pariicularly above the 60U
foot level. In several parts of the Silver Prince and Beery-
Shumeke areas the contact shear wés sharper with litile brece-
iation and no gouge. Here the vein is mostly formed by replace-

ment of the rock on each side of the contact.

Qe



This structure is probably the most important of ell in
Middle Butte from an economic viewpoint. The total movement
on it is not known but whether great or litile, suough brece-
iation has occured to furnish an important cnannel for minerale
izing fluids, From the south end of the Cactus ore body to
at least several thousand feet morik, this contacli shear is
the locus of vein deposition. Ore shoots in this long vein
were formed wherever conditions were favoraole.

Two favorable factors affeciing ore deposition were openw
ing of the vein during those periods when the solutlons were
carrying gold and silver, aud some furce or agent tu precipe
itate these metals in ore making gquantities. Siunce most of
the contact vein is barren these conditions rarely occurred
simultaneously, However the ore shoots are rich enough to

justify considerable exploration expeise,

Intermineral cross faulting in uvhe Cactus Vein area is
of major zeological importance. The Cactus vein is compo sed
of several gensrations of quartz, with the gold and silver
mineralization conflned'to certain generations. After each
period of quartz deposition the vein was closed To wineral-
forming solutions until reoyenin, vecwrreds One of tihe urince
ipal causes of recpening the vein was ithe brecciation resulting
from cross faulting.

Mr, Alexander Smith2 has described the spscific t,pes of

mineralization which were related to certain pericds of cross

2., Alexander Smith, Mineralozy of the Cactus Veirn, Unpub-

lisiied Ductor's Thesis, 194l.
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fracturing. The sequence JI events during mineralizaiion were
a9 foliows.

After the development of the Cactus shear zone the earliest
silica=-bearing solutians passed through it, partly silicifying
the country rock on each side of it, and depositing a lusterless,
bony white quartz in the breccia. Thus a irue vein was estab-
lished although horses and unsilicified areas were probably com-
mon. The replacement quartz has a slightly different ap.earance
from that which filled the space vetween the fragments, vReplace—
ment quartz is light grey in color, semi~translusceant, very dense
and fine zrained. The open Tillinyg quartz 18 bome wiite and
has very little transluscency. No wmetallic or other mineral was
observed in this quartz. It was called tne "bony first stage
quariz® by Mr. Smithe

After tie channelways were sealed by deposition of bony
quartz, the first cross faulting took glacé. The wesi sxmaple
of this first series of faulis is the one which crosses the
vein and S-40u-Drift on the 400 foot level between survey sta-
tions 403 and 405, 105 fest south of the no. & shaft, It
crosses on the 500 foot level 45 feet souuvh of the shaft. This
is a normal fault striking M=1"to 10”- W and dipping *30° to-
ward the east, with a displacement of about fifty feeil. it
intersects ithe vein at a strike angle of about Suo. The move=
ment on this fault caused fracturing of the vein on each side
of i1t. This breccia zone reached downward to connect with miner-
elizing solutions and furnished a channel for their ascent.

Evidence for this can be seen in the Lon; guartz breccia



cemented by gold- and suifide~bearing quartz of the second
stage of mineralization. The quartz of this stage was desige
nated “transparent quartz® by idr. Smithe Tne "trenspareut
quartz® solution, after travelling up this cross’fault and
others of the same series, spread outward along the brecciate-
ed vein zone, deposited in the cracks and openings and re=
placed much eountry rock that had not been afiected by the first
stage silieification. The replacement action was more intense
in this stage, espesially along the vein on the fooi-wall side
of the cross faulte The fault probably had developed some
gouge across the vein zone which diveriea toward ihe south
most of the rising solutions, The vein foot-wall south of the
fault is irregular, following joints and small faults for shori
distances until they intersect other similar structures. The
vein is two or three times wider than normal in this areas
These features are typical where cross faulting has reopened
the vein to later deposition.

The transparent quartz is less fine-grained than the first
stage quartz and is often of sugary texturs. it i. usually
white, or transparent and colorless, and carries several vario=
ties of sulfide minerals., The sulfides are often very fine
grained and when abundant give the quartz e grey or black color.
The minerals of this stage as listed by Mr., Smita include pyrite,
chalecopyrite, chalcocite, galena, spnalerite, argentite-sirom-
yerite, ruby silvers, and gold., Pyrite is the most abuundant,

and in many places the only metallic mineral present. The
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total amount .f sulfides is generally less than 19 by weight of
the vein material. This stage of mineralization snould be dive
ided into substagee to be of use in ore finding because there
are several combinations of minerals occurring in the transe
parent quartz.

The second period of cross fauliing tnat has been differ-
entiated occurred after the major part of the vein was devel=
oped. BExamples of this stage are doifinately kuown only on the
700 foot level because they are recognized by the mineral dep-

osition which followed them, and this is the only level that

nas been systematically sampled for microscoplc ore examination.

One fault of this group crosses the N-T00-Drift 40 feet morth
of the Ne7=-270-Winze. It is a normal faultl siriking nearly
north and dipping‘BOo easte It has offset the vein ambout fifty
feet. Its age was determined by the minerals coated on the
second stage quartz in diminishing amounts away from the fault,
These minerals are a green colored, porcelain-like quartz con=
teining gold; small amounts of dickite, harite, and alunite;
and minor cinnabar, realgar, and orpiment. These minerals are
of the third stage and are called the "soft gangue™ type.

In the case of a similar fauli where displacemeni wa g
sufficient to move the two parts of the vein a distance greaie
er than the vein width so that the faulted ends butt againsi
country rock, and so that an impermiable gouge is formed, the
vein ﬁegmeﬁt on the foot-wall side of the faull will likely
receive most of the new minerslization, This is more true of
the less steepyly dipping faults because itnelr damuing action

is offective ovor greater area, This is borne oul by ine lack



of third stage mineralization in the vein segment adjacent to
tne fault 40 feot norti of the N=7-27U-VWinze, on ths hanging-
wall side of this fault., The veln segment on the foot-wall
side of the faull is well mineralized.

In the Silver Prince area the ihird stage type of minerale-
ization was important in the formation of ore shoots, This is
true of the ore body opened on the 150 foot level above the 600
foot level, in the vicinity of the "50" raise. The second
stage quartz here is poorly mineralized but hus been coated and
partly impregnaﬁed with third stage quartz and soft gangue min -
erals of nigh geld content, resulting in & body of ssveral thou-
sand tons of hign-averagze-value ore.

ihany of the first and second period cross faults are now
obscured where they intersect the vein, especially if the move-
ment on them was less than the vein widih. This is the cass
because the rift has been resealed in the vein area by later
quartz. In u« few places the texture of the later quartz shows
the trace of the fau;t. It is ususlly necoessary tc examine the
wall rock to observe the fauli, the offsetting sometimes being

wistaken for a simple roll inm the vein,

The post-mineral or third stage of faulting occurrsed through~

out the mine. It is best exabited on the 200 foot levael, 50 to
120 feet south of tho nos. 2 shaft; on ths 300 foot level 130
feet south of the siaft; and on the entire length of the 300
foot level. In these areas many faults of only a feu feol dise

placement cross the vein at all ungles. dost of them are nor-

See ore specimens numbered Irom Cele 184 10 Jele 423 1n
the Cactus Juesn suite,
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mal but reverss slips are also present. They are dated as
post-mineral because thers is no inerease in mineral content

of the vein where they occur, Tieir iracs is not silicified
out is usually marked by & & to Z inch gouge or breccia. The
vein quartz in the vicinity of such faults is strongly fracte
ured, and in the upper levels, is wmore thoroughly oxidized,
Some of the areas where fracturing by thess fsulis has ﬁroken
tne quartz into swall fragments the oxidation has been thorough
to remove imuch of the silver sulfide minerals so thal the yrade
3f the ore is lowered.

In parts of the vein where third period faulis are numer-
ous slean stoping is difficult, especially if ithe econmomic foot-
or hnanging-walls are determined by assay. In cases wiers the
offsete are two or ithree feet the hanging wall limil may be
carried from a depressed block across an elevated block, leav-
ing several tons of good ore as a crust ou ihe hanging-wall of
the elevated block. Thas is partly, but aot completely, avoided
by careful sampling.

Thres faults nave besn wmapped in the mines whiecii are unusual
there because of taeir lorge displacementss w0 conneciion has
Loen noticed between them and the mincralization, nor have they
veen classified as to age. They sirike Neu. al angles 809 to 90°
to the strike of the vein, and dip 35° to 55° toward tihe northe
oast. The southernmost one erosses the S«500-Drift at Gactus
coortdinates 290 fest south, and 560 feet sast, about 8iv fest
south of the no. 2 shaft. Its horizontal movemeni was 150 feet,
with the north side depressed. Tnis fault is of litile econ-
omic interest because the cont.ct shear is umuineralizeo ian thds

Ardiie
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The middle large fauli is found in the Silver Pri.ce arsa
on the 500 foot level of the Silver Prince shaft. It crosses
the 500 station crosscut at coordinates 260 feet north, 1650
fset vust. The sirike is about N—Zﬁo-ﬁ, dip about 45° northeast,
and horizontal displacemeni roughly 1ou feet in normal direction.

The northermmost fault has received tne greatest attention.
It was first encountered on the Silver Prince N-500-Drifti at
coordinates 10lu fset north, and 2015 feet east, The asirike is
northwest and the dip +50° northeast, The horizontal offset is
500 feet on the 60U foot level, The coaitaci vein has not veen
exposed at the foot-wall side of this fault, naving eitaer died
sut or passed inio the hunging-wall area bsyond ine coutact, 1in-
to the rhyolite.

The intensity of the vein silicification decreases in ihe
last 100 feet approaching the hanging-wall side of the northern-
most fault, ani the vein on the foot-wall =ide of tie middle
oross fault narrows rapidly in tae vicinity of ihe fault. hq
avidence was found which could definately relate this diminisne
ing deposition to the presexc: of the faults.

The middle and northern faulfs line up fairly well witn the
saddles on the hill surface but they could not be definately
located during surfece mapping. However, they probably control

the northwest irending canyons ir Kiddle Buvte.



Gonclusion

The Cactus Mine represents an interesting example of
epithermal gold-silver mineralization in sheared igneous rocks,
Much remains %o be learned before the process and controls
alffecting deposition are completely understood but it is hoped
that the observations presented in the preceding pages will

be of some assistsenocs,



