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Geology and ore deposits of the East Shasta copper-
zinc district, Shasta County, California 

bstract 

The ;:ast te co.oper-zinc district Covors 

about 93 square Ales in centrll :ounty, 

Calif:ornifi. It lic, s 1E..Tyely in t:e soutrn 

7% . :nt.Ars anf. ineludst.r enstern prtrt 

of vthit hqs 'orw bf'en ion s the -tinst'i copper 

bult. The nrincinal bse-met1 '::ins Are the 

'ully 111, 7Isliv 'tar, and fiterthout mines. 

lr.e prt of :hot'1 Luke, fored by the 

o tc. wqters of the •.scra7ierto, 

'inc :Avers, an of 7cjil.w reek beind 

:11af,:ta1 vithin the %Alp boundaries. 7axi-

mum re lief is about 3500 feet. The hiOlest 

mountlinti rise to altitudes of over 40U0 feet. 

The map re is underlain by interbedCed 

sedimAltRry and vlcanic rocks V.Hit rfrv7e in 

age fro probable -iddle :.evonian to Upper Tr-

The fortions, fro oldest to youngest, 

tLe Conley vrenstone, rhyo-

lite, It-Tinett formation, mragdon fortion, 

7411rd formEttion, !'cCloud limestone, :, osori 

formation, r,,ekils trldeslte, oully "ill rhyolite, 

n'it formation, nnd Hosselkus liestone. These 

rocks laid down in a elv-eosynclin51 trough 

that ws lon: Ate in a north-south direction. 



The thicness oV 

about 20,0JJ feet. ..bout 50 to 60 percent of the 

section contA.sts of volcqnic rocks. 1;dring 

probable 1-te Jursic time the lflycred roc'48 

we:.e f16ed and f4ultt,d, an 7*erc Intruded by 

a r1i stock of ;-1-11•061orite, by -in irrcilar 

elorate maz-5 dlorit(., and by 

numerous dikes and sills of flne—erained Tolfic 

ii-neous rocks. These sediraent.l.ry, volcanic, 

and intrurive rocks constitute tIte blsient 

rocks; of the 9ren. In the south.eattern Part 

of the ,)rea the basetslent rockr ire overl:An 

unconior%abl; in Places I): the Tlscan formation, 

a poorly litified turf brecci and by baraltic 

lLtva of -11ocene age. .ecent slone wash, talus, 

1ndslice (bris, and alluvium obcure the bed— 

rock in much of the area. 

The oldest rock unit exposd I. the Copley 

greens tone of nrobble 7:Addle Levonlan age, 

conA.stinp of at least 2000 feet of intermediate 

lavas (keratophyre) and pyroclqstic rocks. The 

a or the Oopley is no' nreciscly known but 

it underlies rocks of l'qdolc ievontln with 

apparent conformity and is presumed to to of 

Ievonian a(7e. 

The TJAAanla rhyolite, out 1000 feet 

https://sediraent.l.ry


tick, overlies ar6 1 interbedd vith the cop-

lcg nntone cm the rest, .ic':e of 04 rien 

buntqin. it is a c:ris or sillcic lavl 

qnd ,..;Troclstic rocks flitercd to firArtz 

keratophyre. The !111klala, w'r.ich is hielly 

lcnticulr and of smn11 arcal extnt, has a 

ticknesv, of about 1J_J fe(A. in the 

.ast :hasty area. 

The z.cnnett formation of -idcle 2:evonlan 

a6e co: tuff, an,„1 liolet;tone 

ralaklala rhyolite and ::,onley crenstone 

1..1th structur 1 conformity. The thickness of 

the Yennett ran:es from a knife edge to about 

40 feet. It is tht, oldest formtiDn exposed 

t!...,t contains fossils. 

The i.fiFdon formation of nrob!ible "ississiP-

nian aee and con.tin of shA.e, mud.-,tone, con-

glo tuff, ovrlies the Kennett 

for: ntion prob,J1:le unconformity. The thick-

ness of the vraon ran es fro:i a thin film to 

about 3000 feet. 

The !Iiird formRtion of "ississippian 

and having a tnicknGss or 3000-5000 fect lies 

next above the tiragdon fortlon. lhese two 

units 'ire 2robmtly sentlratc 1.)y a (lisconforuity. 

xix 



The ca1rc has i tlAckness of 30J0-5300 feet. 

It con,Asts of intc,r-sedi!:.te ,u)lcoric rcks and 

ittonc, 7.1nor 11-:estone, and chert. The forma-

tion cont!lins Shun art fossils Df "ississinnian 

se. 

The "cCloud 11- e:;.tone corLi!.;tinF of :ray 

lilnefltone find soe chert is 

fortion but th€ two units ,Irc !,c7v.tr.9t(,•d al";:ost 

ev, rywhere by Intrusive roc:. The -eGloud con-

s1Hts of f ry 11:.!. tone wit!- chrt 

!Inc! riJ.:u1;.:. It cont-ina abundant rusullnids 

anG rorOls of l'rfiiian (:ueco) age. The 

tYlekr:ss of te 'cCloud is 'lard to deterffilne 

because thL for:aation Is not everywhercl prevent 

and is senrtited into discn.te blocks by faults 

filled tv intrusive 1%Ick. The .:saximu!,.: ti:lekness 

is ^robbly :bout 2500 feet. 

The Nosoni for.rirfThnt cap° of 7ermian 

is nuxt yourF-r unit abov t!le -celoud lie-

stone but t,:c two l'or ...tionF, ?re separated by 

n left-lriteral fault alorw i ch mane quartz 

diorite is intruded, Owtn- :7;ritnly to fnit 

the :Josoni is mi::rtnp in so.:le nlaoes. The 

Nosonis which contain abuneint foils or 7er-

mian (Loorvird or - ord) consits c'lofly of 

xudst,one !Ind fine &rained tuffaceous rocks. 
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Thc thIcknes of th;-:. oconi 1 out )00 

rect. 

Qvcrlyin the :'dsor.i 

ero!:- . te 2non1te,.1onf!1 , Idorilrce i 

c- 1,7fly of miAfIc to intenecte 

lava novs and pyrc:elstIc roc'-:s now altered to 

silitc rir1c ker,-Itophyrc, a-y•t 1,3-scs of mudstone. 

of th udstone lenrcs in the lo,.‘er o rt 

of the ;.f!kkns Cont..In fusulinids of lte ,ver:7-Afin 

(AIndalupis:In) ap,c. The unner mart of the 1.ekkas, 

ii:hich consists chic-fly of lqva flors, may he 

of Trinsr-ic !wc. The t icknesv of t''cl :0Ces 

rqnes from 1000 to 3!-:00 feet. 

The Dekkas nndesite is overinin by the 

”ully r:t series of silicic 

flows and nyroclstic roci;s larw.ely altered to 

(urtz keratophyrQ. Alicia rocks of the 

fill rhyolite type are interbec!ded ?!ith 

t.(i i2ekkqs nnicsitc, !Ind :tiafic rocks of the 

Dekkas tn6etiite type are liiev.ise interlqp)rA 

in plqce Ith te tsully Mill rhyolite. Ihis 

intt:rinyerin!! indlcLtes that te volcanis crIoh 

tVc rie to the Lekkt rncs1tc c..)ntinuA 

intvrIttntly fter e;(truslon of oilield 114.s 

of 0.13 gully Mill rhyolite had comoncc-:d. The 

thickness of the vully hill rhyolite rs\n4;.es from 

xxi 

https://rs\n4;.es


about 130 feet to potsibly 2500 feet. 

The vit fortion of -Ldlc ririsric age 

overlic,s the rully 11l rhyolite. 

It con:Afitc principally of sh,..1%, .::ddston, and 

pyvc,c1,:stic rockb, yit!. 1.1bora1ntf, libtone 

n.nd 11t one. The pyf:clastic rocks litho-

El:lLtr to thosc, 11 te illy r1ll 

inAc7_!tirw that VI(.. v lcqnis:r1 that 

ri!..(; to ti..e eully i1ll ityolite cntinued 

snordiclly after cle7lost1on tele Yit sedi-

mcntu bee:An. The Pit formation contains fossils 

of MithIle and Upper Tr1as57.ic a47e. 

thickness I. about 5000 feet. 

The nossolkus lti,ostori of Upper Triassic 

'we conforbly overlies the "it formntion, The 

FossfZIkus for.s.s t`le northeastern boundary of the 

map area and it %vies not studied in detail. 

intrutAve into the above sequence of sedi-

alehtqry and volcanic rocks is a s1l stock 

of crilnuciloritic rock Partly altered to aruite 

(. 71.te, rintj nix:crol;s di't?J'A. .,es of Utered fin. 

dio,f4, .:.etadiabase ?trid 

dacite porphyry, L'ractically all the intrusives 

are In till() western t. rd oti te arca. They 

were cA.Inlaced otter the sediTentary anJ volcunic 

rocks 1AGrf: deformed and :Arc o prob.lble late 

JurAssic age, 
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:)/.*:ictically ell the b,ls:,cnt rocks in the 

district have undE.rone saae for of aler,ttion. 

ost of r olc,ar:ic 7.scks g1,1.1ority 

of tsTe in rock:. !ire TinPr. re-

constituted to a Ire ter or lss extent 

tc-.)1r orifinr,1 tt,:xtures and strActures. 

Only locally in V'e c.xtreme soutriastern n!Irt of 

, and in thc vicinity of Bully Rill do the 

rocks have a second:31.y foliation tbrit ha,9 lArpely 

obliterated orL. innl textures and structurcs. 

edimentnry rocks, because o: teir more stable 

asse!lblare,l,;-rive suffered 11.tora-

tion tkar volonic and intrusive rocs. 

procc:ssef: that have boon openative 

in the area inclui:e dynamic metw:,orpnism, 

meta:;;orp'r.is, end byuroti- crl oletaorphism. 

The - secondary nllytion,11terittor of rocks Itiitt 

mainly in t},,2 evitern part o the district 1;As 

acco7,7)anie by shenring and is therefore ascribed 

in nnrt to dynwilic metamorphism, but this 

was reltivrly unt:mort9nt for the ditrict as 

a whole. ItIleous Tmterlornhis Ilns3 reulte6 

in the loc- 1 recrystIllizf3tion of -cA.oud 

li!nestonc to marble in the vfclnity if the :basta 

iron Are. Toclis of oknrn, oon:,,istin;_. of calc-

silicate . inerals Ind mngnetitr.3, h'tve Vornd 
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by contact tiz in roci :adjacent 

to the iartz lite n1.:)nc te sec.aoud flt 

, ost 

pr eels area. It 

res'..iltet in ticiesprc,Ld 

am; :Lore 

rcstricted arrY1.11 alter,Ition 

odiam silicun were tie main substances 

n:!.ded car i .1ttlon and cicium vis the _lain 

substAnce re.:oved. 

The sedintry An6 volcric ,c,:)onnnts of 

tte barcr,,;:nt rooks were: (.3f ,ad by foldir %Ind 

The oldest fr'ritIons exnoscd in 

the core of n 1.fire nort!-Iest—treniin 

the 0'!2rien ount:tin Anticline in the tcstc,rn 

part of the, qrer.,, and euccessively younFcr rocks 

crop out tr:)v, rd th eac,t in a sequence that in 

:ispet is ho:r.oclinEil. The' trend o!' 

OtErien :ountain anticlinc; find of major rck 

ur.its in the ho.:locline is north—nortest, 

few sull fold rInd a 1(!:'t lqtf:ral strike—slip 

1.11t bc:tv.e.n t.:%kt and Nosoni torwAtions 

alo” which . c;i1.1.0 ..1.0.rtz di ►l'ite is in 

disraptt, the: hooclino in the western plrt 

the area. In 'ierkod contrst to te north— 
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nortLest str;Jctur:.1 tren ;',-11:;n by tl-:e pattern 

of Ilajor ,LeIned 

re t.by a series 3 <3rd 

locilly by steeply secry folition 

predoin:tes in the efistk:r..'. so'utheastc:rn 

r,)rt o" area. Lineations and observed 

plunos northzest-trending 

folds plian.( -,1tfirnrAely nDrthwest <iele southeast' 

„eakly dc:veloped nortnwcst-tren,felr• cross flAds 

are st;peri ''case:: on V.-0F., north-northeast-trending 

anttclin(:, ho!r.ocline it tL€ western nIrt of 

arc a . 

The bsc:,,:nt rocks A.so dit3rur:ted by 

.ar171 ft_ilts and sher.r zoncs. In the efist-

c.:rn and souteastern p9rt of the area ts(.: hich 

an; le rirdoinantly nortsnest, 

but from Bully Hill arli vicinity westward f-aults 

th.t striko northest are . or.t co::`. -or 

t'i-;ose th:,it strike northwest. ne hi 4'h an.:71e 

faults are subdivie,A into strie faults ..and 

tr.!sverse fiults. On :cost of t)-,e high angle 

faults the ht,: ;?'In. Tall is disnlaced doT.,7,erd 

%kith rc!:;pect tD footisall. few f'ults, 

however, chiefly tLe lqre,er ores, f0!07 the 

hnnArys ill. disnlaced unwqrd. 7ecause of the 

xxv 



lack of reliable reference beds, and the prallel-

ism of rany faults to t~ e strike of rock units, 

the disT)lace!Tient could be deter ned on only 

a few of the hi4.11 ar4:1c faults, he larest 

fa,Alts have di!,place,nts of a feT hundred to 

possi,;ly R, fev. t ous azic feet. In centrl 

and extrcne southe::stern p&rts of t;:e lirea 

the Dully Fill rhyolite and Zit formation :ore 

cut by sher zones conr,istin of crushed and 

seistose rock. "these zones ere as much 

as a lore ri nd 230 feet thick. Thin sections 

snow that a 7.00d deal of distributed .:,loveent 

has trAen place within the shear zones, but the 

contact between adjaceL for -)citions seer; to be 

cisplaced hardly et 11 by the shear zones. 

It a'ooears that these shear zones have c)::Lly 

strike slip and reverse slip displacement. 

Virtually all the foldin and luch of the 

faulin took place cAther before, or nosslbly 

c)nteporareJusly te cnlace;,lent of in-

trusives MIS largely controlled by faults. 

call faults cut soi:ie intrusive 'uodies. -iner-

alization oostdated rock defor:Lation, as shown 

by the fact that sulfide bodies are localized 

almost entirely alon shear zones and faults. 
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Alt11:.wh unco7.for:1 an 

nbunnce or 1v5ic-aric and :.:1-of:cfc-

tc ti-t 

the Th. iarl area uncble 

't 16t 11O- jCV32 1tfl 4. 
u 

• 
: 

' • •• 
• jc .! 

virtu'lay all to 

faultln::* as wc11 11couFA intrw:io:, rock 

altcrtlon* and A.n, took:raization, prod 

7.)1(1 in Late Jurrsic ur 2w.4u10,, 

UCCOU3 

The -,.uter, irtiun of 7liocenc eget 

con4A:A1n:• of poorly lithified tuff breccu, 

ovcrlie roct; in V..' c.:litrn part 

of te '.0 1t' Aty. Tc Tue-

cr1 ovt- r1clin in t,Irn 1oc2.11y by b!Annitic 

lnvss. 

The Ipisvnent ocks ere A.so mno%ed in places 

Lc .:11pc tlub* 1n.1te debriv* and 

etitherinL extunds to depths ,:encing from 

frction of ar irch to as nuch as 300 feet, 

but most wcotheriN: extends to Ciepts of mly 

/1 rev feet. Feldsputhle rochlt aro wov.thercd 

ot und com:Tonly yicld a rotten rock 

vitt, a red or bu:1 colort!tion. 
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The map arca lies i:IoLtly in thc larminth 

'ontith f7eomorllic rirvirce, 'fho sal]. plrt of 

::reu sout :it s Ivor f17.- is in te 

.;11scade .trovircc. QV 

streTlis, the 'iver, 

$1re :ore or 1 ss parallcl t th cture 

lyut t1le oV-ccr tlIree--Iittic: Cow ..;reck, the 

—it ":17E:7, Find :clusw Creek, are trnsvere to 

t`!c, ,str;cturc. 71.1.- ce the rusoFan for:,qtion was 

formed, Little ow (.reek has incised itzelf 

00 to 800 tot into tsr.e tps)sent rocks, and the 

it vr 11,!s cut it.s c:!nyon 375 feet into the 

bent re), This in1ote that the area 

has been u-?liftcd snce rliocene time. 

1n2 neurly 60 =11l ion 

pours of cxrior, 0xillion pounds of Inc,z 

s7:!v11 cunrtities of silver, LAA, and lead 

pere r,rouced fro:. the di6trict. T'ic total 

of the metals is about :10,030,0, 

of wh ich copncr has accounted for about h‘..df. 

The diqtrIct hain rilzo yielded bever:1 Ilundred 

tl.,ousqn0 tons of iron arc tno v-aue of linich 

ts not krt:),;:n. thir: IctivIty, which bqan 

in 1053 with the Ciscovery of placor id in 

Town .jrefA e,ist of nully Hill, has been inter— 

mittent, The prinoinql peri-As of activIty 



wore to 10.0 er: eoTlr 7rincipal 

rot .1 and 1.22 t() 1.27 

rmL; in zinc. The most rtnt 

Clotri;:t iv!.v VA-J yor:rs to 

102, .11en copper-zinc orc; TV1S 

tyner; o dc7o,s tn 1; dis-

trict, '.re (1) massic '%11 11, r!.:11fAct 

W:A-LO, (2) 0x1V3t 

rIn.1 (,5) ;:111J1" •,)11-be1ir1nc• f,u•.1zti: 

Virt- 11:; z111 Q.11 ')TCCIOUS pro-

duc:ti3n nts 1;een from masniv culfiC:c reniaec*. 

=nt k;olos!ts. These deno:51t:3 

s:.1jeeL of ttc preent report .:.rid t'Tc oter two 

ty7>e4:1 o. j.(17-)Jcit2 arc dicu:!3c! only briefly. 

The mas drNovtts are 16,nses 

ranin: from a feu inell3 to 40C) feet in Frortti:Ict 

di=nslon. 71v.v are: localized along shear zonoa 

in the l',A1.1y 1:111 rhy lito and llon flult con-

tacts between the :31111y Uill Zit 

The sulfileo mplucc chcred ;Itored 

cia.Irtz L17:.itophyze or 101%;;:3 

aro co.nonly cloy of 7:roupz3d zones, 

Lut loolated lcn3,2c; :An; by no iaearto son.-

talc is btween massive qnd ,-.,)et: are 

In :4oz3t nlcou C:;Irp but in a fen plo.on3 ,7radadm 

tic)nul. o:e is xn intiunte mizturo of 
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fin—;. rnined I 

-vrlte, !Inc, tetro— 

hicl fire tcly t,' 

als, Include b~iritc, cley 

(r1F.In7: 7"""'fne41.1M 

r)cor cnly 

it .ully 7111 and 1-1sinc (-Aar such 

of t. -̀:,? IL ILinded par211f,1 to folation or 

ted6in:in tl..c }to! : rock. TyFJicl ore as.5uys 

1 to 20 percent 1.,Incs 3 !)(:rcert (:;;Trt I to 

purceni; leaC, 5 ouncL4 or .03 ounce 

of Fold. lt:- ourl. 

the c(1.: 1 p.!::rnenctic zzlecue pr1n— 

c1pn1 1c, fr= olklost to younccst: 

pyr1tA, L;phaloritc—elcopyrito, bor-tc, and 

tcJrandrite...ca1c,n,I. The (1n,ue miner%ls 

are mo6tly tLc -1171(.!ra1e and there 

to be no efinoletent Do-) relsItion enone 

thm. In cenevAls quert2 le 

olCevt, 431elt,(2 nne !AnLyerite youncests and 

barItt, hydrous ulca, ard cntrr it: interne— 

(:JrAte in rico. :in *plcet# tat -incers ard vslolcts 

of *airtzt cTlultc, bttriLo, fin6 ,,rhy6rIte or 

gyT:Iluni cut rulfiden, Inic,Atinf. at le!:tit tro 

stages or deposition for tt'T.st zA.nera184, 
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Rocks near the sulfL:e deposits are in i erter-

al more strom- ly silicified an:. altered to clay 

minerals, laainly hydro,;s iaica, than el:3eliihre, 

but there is no LiLtinQtiv(: :1.tEtriton kDnvlope 

aruund in,ividual sulfi.:le lenses. 

The structural environalent or lenses 

inL:iJites th;i:t toy were locAjz: :.Yong 

'zones of crsh,_d, brittle, 

Kill L:At p%trtly alone, f.lt contacts 

between t':1; bully 17111 clnL: Pit formations. 

fulte ar,d :,hear Lonek,, served as feeder 

chtJinel:.. Deposition in some 

tai` intersection of a feE;Uar channel and a 

fuult t:.at cuts the f6eder chun-1 at a consid-

erable an6le. 4."1ke impermeaUle barrier thus 

formed apparently retardod tbe acen.]ine, rAn-

ervaizine fluids. In other places, dapoition 

of salfiue ore oc:;arred where Lle dip of tne 

fecdcr chunnel flattens slichtly or tilere crag 

fold6 in shaly beds retarded the minertaizing 

fluids. 

The massivo sulfide 1,:ns6s are of roplace-

ment oriFin as shown by: 1) the pree,i,-nce of 

unsupportiAl wasses of host rock witiAn sulfide 

1,8os; planar structure in of these masses 



are ae:cionstrably c:Jricordnt with tlx,, e in te 

rock enclosinc the slilfidc, 

hes of host roc1/4 were.. ry)t 

minlizatiun; 2) barHin; :In the: .7.1.e 

placcs r1ir..1s 1-)ddinf or foli‘,ti.;n in te 

h.ot .1.ick; the b%rOir„; is tiohere 

3) the oreLence, in so e n1c3cs, of crAPtion-

al ;:ontr.ct bet?eer masive 1f1de an,- host rock. 

the 6cPoitt; are b(i.licyc:d to have fc.rd from 

asceninF: 1-4drotl:er:ua1 rossile ;:51rces 

c.y cof the:ie fluid in s'otances a rried 

were: 1) a sjf!crt 1..neu rr of JLicl.! the 

Pit Aver stock m,..4 be a cv1.1; vcqc!?ric 

and scdj.,it:ntary roc.tht, lic bene,4t the Tully 

Rill r'.yolite and the Pit forTation, or 3) a com-

bination k); (1) and (2). 

A subjacent ieneous 7.-la?s of trondh.!eqlite 3nd 

qulr4z diorite bcne,Jth the :Aict ::hastti district 

hiehly Probable. The !'it :liver stock is 

probubly one cola of th MhSS, end oters, 

oute t1;e boundarieL of the c'.:Htrict, ir(Ilude 

the fount!:in otock in the est .-11ta 

trict and a small body of curtz diorite about 

5 laileti soutbenst of the .cist LAthste 

The 1cation of 8..J!,1(le eolt. ne,:..r the :).tle 

A)untnin stock in t'.!% est Lhot dictrict suveests 



a ;;cricti relntionshAp to tl,e stock. No st-iilar 

stif,tiF.1 relEttion between sIllfidc 6c-nolts nn. the 

Pit THiver ntock cnn he de-nonstrnted in the ,. E st 

cjhadtt:, e.intrIct., - *E- vert!lelf's, the nossibility 

tht 7a1rcri1izerr!, 1Past. the H, recuired 

in t:le .!ry_xfalizat!on nrc:cess, ii.ere derived from 

t.` cue costulted subja(!ent mnss cannot be disissed. 

liantitativc snectrwr--olic flrifIlysen show 

tl)at the copnr zo7t-in60 in el'71n1es of volcanic 

rocks frni te .sicls and .r; ird formations remote 

from .Fps is about .01 Der cent, 

or about the nver9pe for the Bart's crust. The 

zinc contcnt of 1 -_f_;A7 rock- s is about .030, wllich 

is about nverave of .013 percent for 

b9 is rocVs. No quantitntive data 

are avnilablo Cor the Copley rrreenstone. '.:sin;__ 

the inest c3n!Fervative vilues for conner and 

zinc c -tent, tin! 'ekkns 4nd Baird formations 

tl,c Copley es WA, contain about 

1,000,000 tons of conper Rnd P,500,000 tons of 

zinc per cubic rAle. Thus It arv),mrs thnt theE;e 

rock urlits would have haven more. thf, n adequate 

so,Irce for the !..),000 tans of con'er and 25,000 

tons of 7.1n1 that 1.1s so fnr nro-

duciA. 

Aether ;1-‘censtoncs could lso have sunnliod 



  

tiie nucet,s:Ary the
'2 

Ii i was ucrivd froid tric tronC'-je,itic -ricIpn:ra .11e 

tl4e fr-.):11 

,dsuin6 hat ttie roe :s of 

tbe etactimjnc:line ?,ure tte soarc of' i t 1.1st 

wat,;r 7icLA.lic consituont, Lro iner-

aliztltjoa 

rec,uir tli'.: t, Ln increase in toinntrltur and 

nrt-:ssure duldi oro,,:eresis, sea w9tc,r .111d in 

000.. S O. V-Ic ruc.4.9 vas i.)bilizfA 

by 3f tr,_nslort for 

ins subst,,,ncs. these hydrorr- enr,t1 "l Aids ')osslbly 

containink.: dc3riv::cl 1T2T 

.1.oxf(.(3 tcmart al-cs of rr.:11!-Avely lOwPr 

nressuiT siken as provided by faults and 0',E,Ar 

zones, crryi!, in solution sm9.11 wYlounts of 

metals .-,u11ur derivect frDm t1' e rnoks tro1.il7h 

wMch the fluids pased. Thc faaltr tihfinr 

z,une.L; st.Irved as ci.diectina cilann-3 or 

tainerdliZer81 Lr.,C CinllY, u sllicaous, much 

fractud rock such 'Ks the ;luny 71113. ryolit, 

as loci of depu3it:ion. This mef.:hAnl requires 

a pervsive muvinIcnt of fluids trou..1 tho lore 

spat e:> rocks Out tli,3 :iet.3omatic 

aluitization and chloritizatliJn by hydrotrial 



nroceses Indicates ttt suc pervasive movent 

has t2de.en niace in the district. 

alternative minenillzatin cn1 miptt 

reF:ult from t'-v, ;ra-:itlzatiDr of n'ilinF.ercFls of 

merle 7,)1c-knic r ocks .jec- in t. 

synclInT,. In tte fol-TAion of a :x•1tic "ock 

y tr of the7, thc v(iluable 

of tt-,coret1c.:11y shoulj: be c.:- Icen-

trrAt in 1uver5e -atl t; the extEnt tr) V7Ich 

t'r;',f :12% incorrorritcd y iso7slorphous substi.tution 

in V-1. (1.) ri rock-L'oriin:; Conequently, 

0:mvcc:flon 3f nr.fic rck:3 ri2h in ,ret,ls such 

ns conr)cr and zinc, metals carnot t1 be in-

cornorf7Acj into the roci;. by itionorphous 

sut:itituticn but "( li 1r,c) t!c surroundinv 

rocs, It I. un1Ie1v Y-nt exnJ)scd -7.--tnitic rocks 

in thc di!3trict s1*.nit1zfAtion. 7owever, 

It is oh-'.': l€. ttasIni. 1c vole of Cop-

lsy rr.,enston.: nnd 171-clic ruc'er; 4eer- In tLe 

Feoynclint.; ',;Er'; r:Ithcr 

mar.rna cr)nvrtd to vrzinit,lc b: palin-

rcoleEis. so, the con7)er 'n(3 7inc exnelled 

would have ben qvlilabl6 or concentrtJon in 

or: denoc-It::: in structar9lly fmvorable 7)1;ices 

higher in te crust. 

The slfi inrlass(M)1ae 1c typically 



mesotivsial. The depth ?,t 6u1fies 

for4ed was not creater thin 11,630 feet, tks 

this is the alaxtium strati. ral.Ac cover 

have overlain the Puny 

as defortion largely precece 

zation it see_as probable tht a Food 6e-A, of Pro— 

sL)n of stratii:ra'nhic cover t:,ok pLIce before 

mineralization; thus. the (::enor.its may have formed 

at denths much less and 11,650 feet. 

lye blocks of -eolosierally fhvorable - round 

for 7rosnecLin !Ire outlin,,:q1. grde sulfide 

lcnses sLould bc. nre!:ent in these are:cis. However, 

judF,A from known denosits, they will be 

and Ivird to lird. Det.:11ed w3pnine, of her zones 

and faults uno nrospecting by .Eontyalcal methods 

pvecede diwlione drillin: in any seureh for 

hidden si.;.1fido delosits. 
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OPEN FIE EPORT t 
1 Thi.s report il pr15.117.,7.7 

i Ii.:.'s, ::::1 e:lid or 

intro,:uctiou conly with C.lo1 

standards or cnclatu. 
•••••...c 313 iLootn 

area describee.i in thii3 rcnc,:'t 1!- 31Jacs 

„litely ?O equtire ailes in tr,- 1:at-c 

(k'l c. . 1) . it ilev in t-.c soutrn 

:n6 includc:s theth t,jtc. flptirt 

ior bez,en e°Ar;;;til con.)er 

Sb eul:ide de In strn Jf te 

ii, 7ine '43 c:;:.ler 

nner-zIncthc Irea 'h t 

:nen:aurec 17 miles in an 

Jii-ectiJn j 1.1s in a nurth-z,:,'1tl direc:tion 

:and inclade: pcArta Jf tha Lazoino, -'u33nokka ThntFlint 

ant.1 !Zillville lb minute cluta,Irules. Th ;lap is .')utided 

on the wetq, i)y 22j0 :aeriAtin, and n the 

nouth J:vkinly by the 40 43' parliel, Although thc. ex-

rQze 6Jutacit,:rn pArt ei7 the mnp extenklc rCoout Tiles 

south of that p.:1- 1101. 

U. L. hie;',way no. no an.! the :ol,thern 

erocs t- t. n ?Art al te 97i, ard 

J. -. %ivImoy no. 2:,; • crof,st.s the tv:utheastevn p'rt. 

1)rt of the Lko Ile ithIn the boun-

daries of the ::lap area and owch of tl.,e centrA_ .olikrt of 

t'ile area inclalim:- t Iron 4.1. -, , rld moat of the 

arAii& vest of liorst AP.wt,11n, Is locoBsIblR only 
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by Lo t. min 1 accssiblct by bo•,t ar 

hi,h.;ay no. P99 E and a rood .2irt road. 

To7)ography 

The topography r!rwes from LIvit of a Tylrtially 

disected plain with a fevi hundred feet of rt7lief in 

the southeastern pert of the map area, to that of a 

ru6eed, ru&turely dissected z- urfacc with more than :',500 

feet of relief in the north-central part. (2ee plate 1). 

orth of :ackbone 7.idge the cylnyons of the ?it 

aluaw ::reek, the !cCloud ANer, and the Liacra-

mento fiver, now inundated by tint vaters of Alast 

L.ike, are the dominant topolphic foftturtfs. The Wh-

est peaks are O'Brien ountain, altitude 709 feet, 

on Lhe divide betweon the :lacramonto and ';cCloud x.ns 

of haata Lake, Horse nititude 40r:5 feet, 

and Ton Iltitude 4325 feet, on the divide 

betreen the ''cA.oud ,:Aver and cluaz :;reek /Arms, and 

'rock ount!';in, altitude 24 feet, on the divide 

between tho :Auaw .reek and Pit river arms. The waters 

of Thasta Lake have a illaximarn altitude of 1005 feet 

but ;:enerally stind at an altitude of 1000-1050 feet. 

The maximulli depth is about 350 feet in the nap area. 

- uttl of lAckb:.rne nidge, c,,Injon cut by Little 

Cor Creek, about 800 feet deep, dominates the topog-

raphy. The upl•:,n0 on either of Iittic Gew 

:reek canyon have relief. 



Jlivitt, an, ve - cttion 

The cli:ante is ch%ractcrized by hot, cry sulT,:ncrs, 

and cool, wet vintr;:,. weather station ner the 

junction of tht. ...it and ,,.(301.oud 1.ver arms of ..hasta 

Lake was entaldici.hed by the U. Aireau of - eclama-

tion in 1,.147. records for the five y6cir period Prom 

Janwlry 1, 1:)4e throui:t :ece=ber 19b2 show a 

me3n annLal temneviture of 60.78° V. and a mean annual 

nrecinitation of £1.79 the mean average 

.,either data furnished by L'ureau ofJ 

colam-tion, v.ritten communication. 

tempt,raturo durim- the coldest 7:onth, Janwiry, wt:Is 

42.04° for the five year period, tith a ninimum of 

2° F recordcA on J!lnuary 25, 1950. The moan aver ace 

temperature clurirw Jul:;, the hottest month, w' no.ee' 

for tho five ye,ir period. The highest 

111° Ft were recorded on :eptember 2d and 3d, 1930. 

l'!ost hilislones in th :aap area are brush-covred, 

with manzanita (Aretostaphylos sn.), and several 

specis of scrub oak and c!':aparral beInF the most conlzon 

types of brush. single type of brunh cof:nonly pre-

&)minutes or. a iven hillside. At Licher altitudes, 

especially on north hillsioncs, proves of sugar pine 

r, 



 

pondrusa Dine ( Anus ron-

derosa) stand out in marked contrast to tte surround-

inF brush-coverd areas. .t lower altitudes, 

sally in Lhc southeastern nart W' the 71rill ar ,., di;:er 

nine (7'1n8 wibiniana), and oak (querous doulaFsi). 

in (.ucrous rizlizenii) dot alny or 1J%, Frssy 

hills. 

Prvious Ivork in the district 

Many geoloistN have Yorkou in t11,:. area covered 

by renort and geoloical literture is 95undnt, 

however, -cost older 7ritings sere tpis.cd on rPconnnissf2nce 

surv,vs. 

The earliest rfJference to the cr,eoloi77 appears 

in a report by k (1655), in which, referring to 

is e formtion now c..11cd the 'c',31oud linlestone, he 

an.intions tht .;artonifer„)us limestone" that for;:s the 

"limestone aountains" rilorw the ,,cCloud 7 .1vor. 

A'ter Trask's reconnaissance, no further t:i.eolcwic 

icork was done in th -. area until the enrly 1Y4's, 

but betwecn 1693 and 1906 sever_;l if.eolcvic reports 

were publivhed. A broc FF.eoluAc map of northern 

by Diller (1693), and a report on. ceologY 

and minerA.ogy or ".:A•v,Ista County by nirtkinks (1093) were 

publiv,hf.:(1 in 1893. Included in r r)irL-nk's rf,:port is 

a :reap of the county, shotin,7 lar,e sc le ceoloL:Ic 

features. 



iith (1894) reportek:i on the f.;trtinhy 

7,aleortc1o; y of the (:eform rock::‘- Ty.rt 

of the strtf•r 'Thic column. !:ershy (1901), in e. 

report detIcritAn,7t airt.Jrp171c north-

rectcrn :;311;.'ornin, briefly Aftntiona the rocks erJst 

of the :acramnto ..ivf2r in the preL;-±-nt rr.5p area. 

Thz :T,eneral striticrHphy of te 1.11.th -,ount• ins, 

and ,:lso thf; rcology of the copner deposits in the 

7eddinoz area, vv, revieved by Lillcr in 1903; and in 

14106 the 7eddin,.= folio, by )111.tr (noe), was 

Thti exocllent Teoloic mp and descriptive 

text in Olis Loll ha scrved cul a firl. for 

prt'.1ctic::.11y all eoJlo:te vurk dune in the urea 

sIncv 106 

In a report by araton (1)13) on Vie cop'ner de7)osite 

of the :ihastu rec ion brifif rcference is made to the 

Tully t.111, Co') Per. City, and fterthout minez. 

Thc oloc';y or tot,-, Run/ Pill district ws 

described by Fsojle (1:)14). 

ore recc:nt literture or th geoloy of thc area 

includes reports by Ninis (1932) on the ''qleozoic 

eruntive rooks" of the soutcrn Elnmath ountains, 

itinds (19:L3) on geolo0c Cormntions in the :- edding 

and cJavrville quadrwvlos, Hinds (1934) on d'eso-

zoic eruptive rocks' of the Klmnth !:ountains, and 

Inds (1940) on leozoic section ir the southern 



-ount,!ins. :-heulcr (1940) r furs t3 

%nesi'.,e in a Ascsion or T'emian vole .nism 

in western North \merica. The colony of the :11,Asta 

iron mine is described in a report by Llmey (1948), 

and the 4Noloy of the .fterthou.tt is tescribed 

in a report by lbers (1953). re' ort h ink 1 and 

others (1957) on the 0-eoloLy and mc.tml depozits 

of the ct r:hasttL coPper-Linc Astrict, which aljoins 

the n-Atp :1*(13 on the west, iz in pre!.3s. 

In rlditiJn to the literqture montioned above:. 

short referc7nc-.:, Lo th e activity of .:aines and to local 

aspects of the eeolo y 1. 14r in reTy_irts published 

by the ;:alitornia of 'ins after 1000. 

Thrnse of tills renort cmd methods of investiati.m 

3tudy oV the bat copper-:. inc district 

was undrt,iken in 1i)49 the 7. '',eoloi7ic:ii f3urvey 

in cooneratlon with the (.3.i1iforwit -tate LAvielon of 

.lines for a fourfold purpose: (1) to work out 

stritirr.Inhy and structure of th area in detail, 

(2)to determine th( strltiFr17!`lic, structurA., and 

alertion f.nvironmnt of the known sulricic oenosits; 

(3)to loc,:te ge31x7ioally f.tvor)ible areas to prospect 

for hidden ‘:tenoAts, ;4n6 (4) to tV: tht2 eology. 

of the .,tast ;'hasty copner-zinc yitArict to thk i3eoloa 

of the cast :hasta copper-zinc district. 

-7.. 



south of ;":ackone :Idec wa6 done on 

photo t.nd coniled on a tonoranhic b'Jse 2t c, scat? 

of 1:24,000. the re.Iminder of thf, are:A ras :7,,Ily)(1 on 

a t,onovrhic b!se on !,41c.:;-n-i:3 of the Lamoine 

7olliboRke 7:ount':in lb minute quadrarr7.1es at A sc:Je 

of 1:4,000. The lit!- -:oloy of l'ormntions an.1 

structurtil reat,area Tre marled in much dc!--

tuil as the scale wotaid allow. :47e 6etrminat1;:m3 of 

rock unit:: Ire bact,d on fot,sils and on str- t1;!rinhic 

rlltions. 

acer,:ssible workirvs of the 1:fterthou.:-ht and 

Puny Hill fzlines oere mFInned on a scl_e of 1 inch to 

40 feet. rh- surf!ice .E,o1o:7y of the t_ftrthou~ht nIne 

!Area and or th,- 1.1111y 7111—F1sitw S-tar Mine art!ti wns 

1-.:07,rA by pine table methods Al n sc-A.r4 of 1 inch to 

100 feet. 

About 300 thin sections and 65 nollshed setions 

wr,re t.ldied by the author by ennvicnttorni Thltrorr,nhio 

met'nods. Chel anfilyses .Mere 7,-:de of 11 rock samples, 

and 9fl1es of culfido oro were flnalyeed spect.roscopi— 

clly for minor elements in thr 1.,?.bortItories of t1-1 

U. e,. C;eolo7icttl :furvey. 

rich! work rAnd acknow1edec3ents 

is 1d work as becun by the - ut!,6r in July, 1949, 

and coplctcd in .;(,ptembcr, 1952. Jacques otertson 

assisted Fith thc! fiAd work Crum li'ebruary, 1'350 to 1952. 
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racLevett • -IncL%rt ln 

rieqe ilainly with 7.17n, tn1J2 nb;),.)t one 

durin 12C4 rcputtvcly. 

tot7,1 of al:)::,ut 30 rore .ent in the field. 

Ljossll col1ct1ns vere 12enif1ed by Y%. 

jr., I. 

best, 'uller, J. lnd 

.1111?.e. !Llerriq= uller f-41 

snf.nt fcur d(lys in t:!- fitld with tie v,ritctr collecting 

foszsils. c,'.)ort .. sntt ot1l roner 

tias oC °ine-7ralned A4:Ite mica in ::;neci.lens of tt;: 

71111y 7111 rhyolite Vent:fried tl'As m1ntn.1 la 

hydrus lion. 7. Eawkos dotind the coonflr, lcd, 

and :Lino contPnt of 20 limonite lcs by ;cochemical 

mothos. 

The locin.;! of diamond drill core lnd 7T1,:innin of 

undrpround 7 ,rkings at sully Eill was inc by j. 1'. 

Toberte--In ind 7Z. . 4, !eoves under t. ucictea of the 

.xplorntion AmAnistrltion. 

I:he writer it) indebted to Loctors 'Hutton, 

d-1 1..nopt*, 'd,annor 11s -nopf„ nen Page, tind 

jr., of :tInf'0:.d 'niversitf, and to L. D. 

h9.11, and -. P. lAnkel, Jr., of the 

urvey for advice concrnin 

structr.A, and petrololo probimms. r;hotomicrcwrwohs 

wore taken by Jaw, s Tensor of the U. 



 

urvey. 

chti ";u11Cor-i, ,ivisiJn and ,r 

ilaf Jonkinb„ (ief, and J. iL,trict• a. .,(0 

n'ineer for ncirtrn .;filiforni, kindly provJ,:led office 

spn3e Ind 5tcnoi:2;r1ntic sex -rice at creil 1949 to 

1WA. ::VInford onivtx6ity provided 1.1E) 

offic(; space and the use of a ticroscope 1?:5 

to n54. 

ThankE ar' due officials of thc ulidden Copany, 

PlrticullrlY 7'1". . L. A.stn, for Cilowinr:. 

to the eully and tar properties, for 

furnisbinF and R11m,Nine te publiction of mine mnns 

an:: production data, rinf3 for otter AT1-

otlls of the Coronado Conner and :.Inc Company, esneci-

nlly essrs. ':,00re, K. C. T-ichmond, Lyttlet arc 

7-ric, and C. CIr,)nt, werc equpIllj coonertiv in 

A.lowing access to ti'm Aftcrthourht mine, in furrAshing 

and per: ittinF the public,Ition of mine m9ps and pro-

duction evJita, and in providing mmny other courtesies. 

The U. C, l'uretu of eclnmation provide0 -,flooring 

s;1,Ace for a U. 7eolo„Tic .1 Alrvey borit for sev,:frl 

Aonths our1rt tvio Neu seasonz, and furnished bare 

;:ervice for tr-nsporting 1)ck hor6es supp)ios 

Rcre. :IvAsta Lake. 



General FeoloFy Flna :ED13 is l'AzAory 

The a!it fF,hastn map area is underlain by sedi-

mcIntary, volcanic, and intrusive rocks that rani--e in 

age from Probable Y- idcae Levonlan to Late Jury ssic 

or *r1r1,,r Jretceous. These rocks constitute .itlat 

will henceforth be referred to as the "basement rocks". 

In general, except for intrusive units, the oldest 

foraations in tne baselikent rock seuence crop out in the 

western part of the area 9no succeFsively younger units 

crop out Lownrd the east. 

About 50 to 60 percent of the layered basement 

rocks are of volcanic oriOn, irreFularly distributed 

through Vat strati; raphic column. 1;irtually ,111 are 

hydrothenaelly met:Amorphosed an.. they nog rlin:L7e in 

composition from mafia snilite to silicic Quartz 

keratophyre. A noteworthy stratigrarthic feature is 

the occurrence of two m!irkedly similar litholopic 

sequcnces in different Parts tc,- column. the 

Conley !rrenstone, Balaklala rhyolite, and Kennett 

fonlintion, all of Probable Devonian ape, are similar 

litbolwically to tl-,e Dekkas anoesite, "illy Pill 

1.14olit, and Pit formation of °erTilan to Triassic age. 

'asic and intermediate volcanic rocks make tin the lower 

part of each of these two sequences; silicic volc-nic 

rocks overlain by siviles And tuffs make un the middle 

and uppf!r part; and limestone occurs in the upper 

-11-



 

nart. The cxistrce tvto different rather 

V- 79n a :,1ncle rnne-,_ted c.ETc:uw.lzbe. 1r c:,7;cliv1_7 shown 

by r•leontJlo-ic, 1ito1oic, 3tructur.;1 t-Aa. 

Irtrmilnr: the ln.yerd basezent roc} is a s:Ir111 

et•.)ck co- *rased of c:Isnnodloritc gm-Ate, an 

irrceulmr, e1onF:2:itt., dike-like w.ss of a.fific c,uartz 

eiorite, an6 nt.l.ercuc .nd Fills of fine-prined 

ir::nsous rocks, &1,..f1y of ::1%fic character. 

The tMckns.c. of the cediulcntflry and volc'inic 

blnemE,it rocks cc);Ild not Lc acctely ais:.?cJrc,d 

to tbe lenticlqr nture of 11.oL:. t all .1,r.lte, to Lyirked 

Notes 01IN:os Altin short to rec,,.;4n.mt 

tynes, to structural 

noor outcrol). 'hickne:;oes WT.own in DlAte n are ortImnted 

Tninl; from mensuremnto. Pbc tot ii mwm tic-

ne of t''e bcicent CJr fl.L1 frog [zap melsLire-

lo 19,000 feet, of wl:ich 12,400 feet 7,*() roci:s 

of 7Thleozo1c e nd 6,80') feet are rocks or :e..ozoic 

E. he tlAcknesz,c2 cannot be 

hovcevcr, alom.: any one lire of scticn. The ap7roxi 

Tate thicl,:renm ',A.on cross oectiun (pl. 1) is 

:72,50) feet, ircludin abut 12,503 ret of ?alcozJic 

roclcs an 10,000 feet of "sozoic rocks. 

Tbe outstandine" feature in the goo1c0,10 1%istory 

of tlic ,ast llmsta 1-,ap area is t ominant Ind per-

sitent rc.1 played by vol n1 in th.:: bulld-un of 

https://rec,,.;4n.mt


colertm. PTc-crt 

In 10 of 12 r.crlo io unite exr.)sce, 'tJ! 

and .accordin to Lfiler (1306, columwir 

tbey in Z of the 4 fom,::.tins of 7rt3ssic 

ani Jurlssic rtet (1)r xied tit of t i 72ap are%. the 

ard 11.-Ittmef2 ba.;:nwit rock 

sequEnces tre iA.np in voloanic c.)rmtituents. 

J.e-1 or volcinic It%Itri,-11 wan extrudeb into the 

seq as ir;:lic.ted by the intimatH interbeding of 

vnillnlo rocks with sediment.lry aontalning 

mir!ne faJ;211s In (lrly Vie clumn. 

Tho r,•rnat tlAcknens -

1b.)1At 10,000 forit ;f rocks of 7riaazie and Jurassic 

fenosald oast of the :lap artla elm included - coupled 

IAIV1 cl7iraetr op trte ricks, inditos de'10!3ition 

in 1 eleosynclInll trow;t. !_)r1 t'rzf_ 

.‘ 441:7tributin of Paloozoic 7esozoic rooka, tt; 

trout; 7:53 nro")rIbly 't7,5ricflto in a north-sout'n 0,1r-

oction, A,VAn tr7L7h there riert 

1J 1-d f* -0.1 vnts 

on the: e lav3. floes n.rt piroolastic :rsck'3 

were ejccted Inteittently. 

7.inarinf(Jr:ties record 1c:st ftvo is ..f3tur5,4 :vaciN.3 

♦durin Pq1eQzcdc anJ wirly 

fA.ding nn.~ faultin, a!:; 7e01 1.neoi.ts intrusion 

and hydrothr7m1 metnmorThism, oo-;.rred 
or 

the !=evadan oroony nrobrady in late .lurossic4Fnrly 

https://1.neoi.ts


Cr'.itaceus 

The basount rockE; arc i)17 `. r1min markcd an-

con2or-Aty in 3o.„12strn of the map arta 

by poorly lithirled tuff breccil of Pliocene age. 

-;, : ,'llocene se,;noll bodies ,D4 basA.t, probably also of 

ovcrlic Vie tuff br4ncia unc(mfority. 

.zIntcrw2ry denosits inclue slope. was, tn1u3, ternice 

dopoeits, alluv14.1 fan deT)osits, landslikle debris, 

anc: 

The earlif:st reconiztlabl event In t'-:e history 

of tl7e area r ,-.1s the extrusion T)robably C:urin `'arty 

and !:!dle Pevo-Aan of t%f.: LAvas =rites pyroclu.stic 

.witerinlv that ro t) uako un trio Copie; 6.,reertone 

an t)-,c rhyol ite. The intertcnEuinc of 

t*v-,o u,-.its In ratices aowE tha'; lawis 1!)G. pyro-

clantics of Litlfic, intrlaedltc, am! silActic owiTosi-

tIon 1., cre or,,,ptL(: pencontv7momne)utily. The 

mixing of fratnnnts of keratophyre and quert kerphyre 

in pyrnclistic rocks in the .E.tre. Gulch arec 

fps the loct.1 interluerinc of intermedite and silicic 

floy,F nt the B6M6 loc,dlty EuEEests thet both inter-

metliete anS ri,FIttri 1 vies being erupted in-

torlttcntly fro*, FeJ,c veLt or ventE, . One poss-

ible Iont Ncl,.9 in the vestcrn pari, of FCC. f(), T. 34 N., 

r'4, 44. 



-urine late i vonian at ler.st 

7,ez-Arn part of the aron 1,;az; bcneth s log 

sci Ind tt_c rocks tat rom the lovJLT 

t -Ae Kennett formtion were de-olAtz;d. V31cnoes 

still active', :At let :cnnett ttle, 

but tuffLtceoua :21tcrl,.1 on tiiL f-nks of ,he vole - n ?es 

fi belnc reviorked, r15t: to the tffaccous 

sedimnt6 in the ennett. uricw Lite Lennett 

coral refs probably grew on soamount formed by 

crod,,.)d 11,)1c:inocs. warn 6hallow sel during late 

'addle - azunclance,cvonlan tie io infrred from t 

of don As in sedimcntq:v rocks of tl:e .,ennett for. at 

During Lito i,cNonian or _aril tIme 

the area IcAa uplifted te ;':ennett for,;:ttin 

in part eroded, CoAoAl;at later duri,1 the i3sissip-

plan at least ',)art of t2;e: 'area Lt_ n: to sllside ra . id-

1 in .cas covered vA.ti sever 1 t!7olifrti feet of 

(;n6 poorly sL:rteld gravel c.. .prisinfs- the rx!on 

fonaation. was derived r!:;rtly from erosion 

of the Konnott formaticJn. 

Deposition of the Lra don was follorcd by Li nor 

up1117t and erosion, after which v;,7; rcrowcd 

subsidence and a resumption of vtacfln!c activity. 

The er;:ptionz producd hundm3z of feet (J1 

attic pyl-oclastic rocks that -ca :e :r!or.t oV tJ,e. lowtr 

cart of the 7.a1rd for tion. LAirine -1rc! 



tim vole-.r1c activity rillterous 

iind minor limcbt,ne dc-fited in a ,10-111or 

welivr, youneest rocks thc —ird flre 

rrc.!. n:ttonc. rne. brecci&s, 13Lowtn, t3 t volc,anism aplin 

nrevailftd durink the ltter 7•rt of 7:qird time. 

The ')enneylvnnian eeemri to licAre been e of 

nondenoriltion as no rock of ennsylv.:ninn ege :arc 

Aloym in -ortern 7robaldy theJ area rtood 

nbove tlen level and underri'mt sw,e croeion 

lv- nian and possibl:; durine the er.liet 

n%,t or 7ex%:..1..,1 M. ar17 in Pcrmion A.me the area 

!Inc. ,o*t of :'oC1,Dad lialtone was 

,:nnnEAted. "ot of the "eCloud lz of nueoo at?,e, 'Yot 

,0,0!Ation of no " ex. beal of 1 .1_,)ild 11-3tone 

loznibly took ,Ilaoc during Leonard ti.Aes .nin wAe 

fc)11:)tce;f. 1.)y c.,1,.rence, .,-,re ward tiltinF, pnrtial 

,rosian of tIA,) li:Lestone. 

enubmercence :.end venew91 of volenic activity 

took pince 2urini. the Guadalupe time in the ?ermtAn 

neriod o ~ivir47. rise to the t.Atfaccous :7tudstone, 

lava, and nyroclastic msterial of vhich the ,;?..osoni 

formation is coi)rised. Uplift, tilting, f!nd erosion 

folio/x-1d leposition of the !':oso,A, but befor the end 

of t!-Ie Paleozoic era the region Wa8 r: in submerged 

and Vie Dekkas an6eLite, a froot thleknosa of inter-. 

71t1die rocs, zith intercalated lf:neee 

of andesV-vic :inu rometlirc;rous niudstone wrIs de-



posited. his volcunisT seems to e3ntinued into 

eso,.:Ao. era ,,;;Idence is i70:i cluEive. 

loaer p,.4rt Oi Y:e ew:t,ins 

of 7,r::lian :;ut upper part lArly 13it. In 

tLLe character fth(. lava pyrocl:,s-

tic iiiateriA. (7,rpttid char. eã frc,!L 'rtcncltic to deitie 

ard :A.11 ryolite Aaa Lore. . good stre 

of V7,s1.vi i pyroeLstic material forming the 

sndesitc, any /*.folite vcis probably 

erupted into thc SCR. PoseiLle vcnts for the Eully 

:111 rhyolit(, v.ere in the I't ee. 4, T. 33 N., R. 

2 ,. and in the NL soe. le, T. 34 N., E. 3 f. 

porbiblc vent for the Lekk-,s anotite 1r t 

tee. 9, T. Z4 P. 3 

Lur1ri 1d1e Iriaysie timc the intcrisity 

vlcrIs:r decrasecl tlowly s:itided. 

Lid.f.torles , re deposited, first in basins t,etlAleri 

volcanos, and evrtually, with contiticd subsilence 

tn contelipor...Aneue erosion, ovr the ercst of 

but not all vAx,.no,ts. Intt,rittcnt voleanisx, eicfly 

or the ax110::.iive type, continut.id throlwhout deposition 

of t7.1e rit form:Ition, fomin, layers of daeitie pyro-

cltie roce_s Interbe6Gd 10,a the mutonc or the, 

The area rkined larjrely sub!riered throuout late 

ith1l ant rly Lftte Trim:tile time, peralting L:eposi-

1,1Jn of the 1.12- r part of the ;At 2ortion 

https://continut.id
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as t' e. 

:'rof3und invoLin roldinc, faultin, 

igncoul; 

met-,stic min-

Jc._:;urred Oursic or ::erly 

Cret:,cooul; 

Vo rccord of se0imt.n:,ation or v;:lci:nit-An 

cJA,T Eirn bet.ipon Lnte . 7riassic 

and :1 11occnc Fowew.r, sedimontry rocks 

as 1.t. v‘;:lcc rJekr, of Lnte 7ria:,sic and ,trly:11 AF -

and :- cret.: ot just -.,d61G or ti! map 

areP. .211 orcr.orce o: ';heve n)c'es sows tt 

arhl v.)1crild contt-vued, with ross-

ibiy oric or lore priois of urdi!*t, kzr,t1.1 :"10.010 Jur-

assic tir:le. 

erotAon fo:ed 

:.eintions outside t?7e 

suist trat rooiL)n wus !3n6 covered 

With. se0imcntary roc during Cretaceous' ti*c. This 

if t7 follewed by :u.:tnr upli:t by t1,7 de2oition 

ti:ru 3f coarse rflv:71s at le s t 13c(illy 

east at th-B ara. d_).4inant Jurint2 

iocene ti t e an sur4,71co o: 1. .v. relief It as 

foritied in southeastcrn part of tt:: 7usopin 

for iation was laid Lom on ti:e E;k1rf'ic4.., S'llocene 

time. Eedause of the higher and tore rugged topcwraPhy 
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mudf2'm- s o: tYe ext, nfc;6. or11:7 ray 

north of thc "it River. 71nor lift e: crop ion of 

t• 7uscAn wIn followed ty th extrut:Ion of ,Ealtio 

.luvls In e-lEtcrn rare Of lite 

"llocene or nosnibly early ''. 1101&.tolne time. 3mall 

body of nedr th(: .:!e..,ze of 6c:J. rG, T. 34 N. 

D. 2 T. may rrnrk clne vent from iw.te!: thwme ere 

extrlded. 

7Jurinc! t:ze lcistDcflo and crpoohs, unlift 

hlvvl boon din,Ant. litle Col; ;*.rk has 

it3 (r,nyon ritQut 600 to 700 fect Into the 

pre-Tqncr,i ero:lion nurfoo. 

hqr doenened its (nnyon ,,tut 3!50 s%im f)f 

ltmr)nit #1t qn illtltud of ab(AV:. 1700 feet in V!0B "trst 

Crock nren nort'hen,,t of 711117 aarks R Mrh-rmtar 

level il;rinscr 7rob,1171c t‘l„ :11uvi.11 

errivcAs r,t or 1000-.1100 foot on 

srirA1 t' o.:nyon or 'ollaw frecik 771-77.k 

another In:1 -or? rEce,lt 11-w.ti:‘r icvel. n3nd:311d,:ls 

httv) occurrd on r7-.0.1 Pourttrc.. q•. 1 nn 

vio l fnn ha!! forTed 1.1,vr-:71)ne frl- th top of on: llrge 

inndsliee on Town ''ountLiin. The Firea is pre,;(mtly 

underi7oin v.torous erosion. 

https://11uvi.11


:,dimnntf,,ry rc)er!-

rrelr,stone 

Div.trIbutIon, etrTtl:7rloh10 r,,lttfont, - r16 

The Conley preenstone (Rink .1 rInd :J..c1r21 7, 4, 

1251), formerly called tho met—andenite 

p. 7, 1900, is the oldest rori.ation exmood. It crops 

out over mn Arca of about 'L sq-,F=rP 711er in the ..!Etcrn 

nnrt oL the map and forma the core of a larTe 

thtt passes tnrough OtErion 17ountaine (p1. 1) On the 

west, north, aria est sicics of O'Brien ountein the 

fjopley is ovcrlflin in some plc:ces by the 'z,Annett frma— 

tion of "1,Aide jevoniun 6we, rJli in oW- the..1.,r 

franc on. for:n1 lion of A.ssissippian the z1,,I 

ve:,;t flank of (Mrien ':ountain, west of the louth of 

:titers the Copley is ovcrlin by the ',A..nk1i.1161 

thyolite or probable Devonlan wt and enwt of ater3 

cAllah it intertom'ues vith the Bblakiala rhyolitc, 

The intertongulne of the Copley green$tone ;pith the 

r,alaklala rnyolite shots tai t the tl,o fcr..w3tionG are 

at least in pqrt contemlorAneous, 

rhe base of the Coploy groonstone is not ex7o3ed, 

and therefore the thloknews la lndetcri'aln.iblo. :rose 

sotion through ,7!tilrien "ountlin (n1. 1) stieelte 

a minimum thlckness of at ledst 200 feet, 

Litholy qr. pntro,..1-4phy 

The Copley grcenstone cowAsts ohionj of fragmental 



,

and non—fr.:11 ryirlc -,7c1astto 

rTho7e r3ck!, 1-)71 'netiEoTntiam, 

v.-1n t11,) retrat th!,t .r.ost primqrj ijns.ous are 

re71acd <:laorite, nc oTher 

primry I ieur texturec !Ind strictLres aro 

.nref;frved, nov(-3r no 4 t te or1f„- in,A1 

&aractnr of tc rock can readily Lc reconizcd in most 

pinc,as, 

severA typc:n .ire ra:nized 

in VIc, 13:1'21#!:7, grndatians v%ri.)ue, t;yypts 

cn 1n1 in many pl9ces it is difitrilt or im— 

poszitlo to accur:It217 c:Jn.actz. 

DlocRy h ..7.1An! Into !lasnivo lava in . 

It coar3o vc1cnic breccia ,./1 probfile 7yrocl-As— 

tic ort:,- in in few placer. Lik5w1sal co•lrvc pyroc,tlas— 

tl rocks :*r.)LIci int roa:Na, 

lava creden into non—umygdnlidll 14va, 

lnvf) r.r.rr!c: into non—por,)hyritio lava, 

leddinr in r73re in folL,Ii..)n is abent 

in t:r.c Copley. 

The o'*If iito1Io t-;"Ion o:t rc atone- Coplcy 

rrr below, 

mnfic non—frriTltnV11 mufic 

ltIvr. in drk 177rf:cnishf7v to (.77.00,- Auh—volac crit,7nitic 

rock that contltrts s11.,.rac tx.) ool1y tbunnt fold:1par 

Wnooryntft fru.% 1 to 6 =3. 61=c!ti,)r. 



in fe74 ploms a;v4ulos 

C12. 2CrOSL 3t?( kite rust7., 

ThIn nect.14.)r. tl- t ..7)st of 

Cr:.. Ist of atout LO to C.)C.) 1131,- P.714) 

an,2; 2) to 2t perce7lt ;ter :t;')Tordns, 

of 1 -*3 ulr 

(?), celudo,-„itc s fine-

J •. 

%ni 'Jor-

ics 11.1de or 

?dt&r oriir,1 

tert r. pilote/itic or felty. 

Or tltt of 1 - 1,rr=-T,IhIc 7,,w,t of, 

ai1c 1v 1L .Lirrfteei &14 kcnrYto7yr-,, (Jcrived0. -

fr-Alf qnd(F.;!Lic roc? t: hydrotticmr.1 cAtfirrit13n. 

61,1 7)crecnteee of ti.. ltivn 1Lny i.e 

fro-: rock 

71.)ek uwAi hero blcoil lava 

to .frc:vit..1. v . lcunic roct of ::.ono:lict 

i 4,1J11. 7t IL 1r t Eta, und cccrd1rg to 

rdc:or. Id (123, r. 102), is cl.ftvActf.:r1E',tio of 1,tvas 

mor o tplY;alti 



 

  

•,,‘• ."1, 4 r- *Thr, in . : •- • • iv 

of ,,,,rr131,r to fr-. r. 1.7 t7" riL 

p077yritio kf.r,Itcrylyro 1? i 

thlrrer 711(= rraents, or Kockc, r !II,: C 

15 incllorz in dinnleter, tb- rnjorit,r-

fr„ra 6 to 10 in difmeter. 77!.7e : ircrlc.qy and 

t?xturo. of '7AocY 1.1/ arc. 1,i4?,rtietil to the riAnser-

010:7,y irld texture or te non-'raF.entn1 lava ,le.scrled 

pit)ove t,orlticts ts,) ,,.:3s of 1.0k ca.e-Jetween -

tonal. 

:fror',3;3t1c rooks.-- I:17e clac,sirlc!ition of ryroclas-

tip .as9d . rein is i!rlst:- ,nti-Aly tht of . v.nt-

tfIrt'' nnd :11111::x (1972)1 alI-tly -Ao2Iflod..../ The 

fr3:mert:11 ro,lks of nronlzled pyroclastic origin in 

t► o ',10711ey ,vienstno xr. of mor heterr3:trwoue erno-

ter tip!: to?. nIrJ3, as ;.710,vi b; !Le;ter-

07,Insity of co7,oaltlan and tortur,1 of tl. k; frInt3. 

C1.11(li A70 c-Ite.7::ries .$ Trioclir'itic rock in ne 

C:)T,)Iey tre 1.oclas tuff brocolas An tuff. 

VolorrIle breccia cr:sint.s of 11 ,a1.--J 

inVor eohovic'll rrag:aents „7relter than 3 Du in 

di ,.Ttor and of tycterogeneous tt:',xture lne 

FragmentE rircdoilin7It6 ov'ir the 7datrix. The het,Irocaity 

of the frsrr,nts it chief criterion by 1Pich vol-

c9nic brecele 18 tin:Ashof.t tloclt 

https://ircrlc.qy


uff ,)reccia .-.111,r to voic:71nJc roci. exceTyt 

thqt thc mtrix prcdominrtc ovvr fr17.;ilents. Tuff 

breccia arrf. volcanic breeci conly rrne • tion,11 

one into the othcr. nese rocks cfl irdurted. 

Aiff is 1n ct urte pyroeLt1c rcck conr,frtin: of 

rtici str,,11r V:lan 4 r in L.lq,neter. It '7,F;y oIt 

predoTAnfintly of cryst'1 ciciat of ,7,11rt.'!, 

ferromnneeinn minGrAo, in %hich cask? it i '1.1'd 

ervstl tiff; or it -rly cDn:-;i3t lredo.linqntly of rr— 

urnt f lavl An6 aadilwiltr,r; rocks, subortn.,te 

erfat,A3 Ilasts, 1r th1oh iive it is clied lithic tuff. 

In .iome plIcus 1it.71c tuff tin6 cryst;41 tuff t-TuOt r- to 

one mnother. 

LwAili tuff conArt& of frner.tv rr,r:. from'. ir 

4 t:o 32 mc: fl dicaaetcr in a fire tuff mcltrix, Lapilli 

tuff grades on the hand into tuff, ani on the other 

hind into tiff bre.:;cia. 

rufflceous sandstorm an,1 tafflceous vAilstono 

to tuff but are bettor aorted 

end more diiitlictlj bedded. In tin section tho con 

lti'7,uont r:rticles aro co:amonly su6ancular t3 :3ubrc)undede 

https://frner.tv


 

Volcalc ',;roccla is especi lly abunnt in the 

soutiest,.:rn part of the Copley grc4enstone outcrcp area 

and is much lems co. n in t7,7,0 nortnEirn plvrt. (p1 1). 

Alch of the breccia consists of subroundod and subengq. 

ulnr tragmen t:: of :haft° lava, closely packed, in a 

subordiwito matrix. The :171.cnts favcrae 4 to 12 

inches in diameter and include porphyritic 1( n,:npor-

T.Ihyritic nnfic lava, amyedaloidel and non-amygdal7Adal 

lava, and flowubn.nded Lava. Ift some places, especially 

*here the Bhlaklala rhyolite is interlayered .with the 

Copley grcenstone, the volotnic breccl!1 oontnins 

,zents of nor7)hyritio end nonporphyritic quartz keintophyre. 

7he quartz koratophyrej is a light-gray ryolitic rock 

tht cwInonly weathers buff, and fragmLnts of it eitnd 

out in marked contrast to the neirl-lboring dY.irk-colorod 

keratophyre fra6;mente. the mAtrix of vo1e:3rd° breccia 

contininr, quartz keratophyre framents is commonly 

kerltophyre but in a re% places It is quartz kenIto?2. 1,yree 

"off and tuff breccia are :subordinate to volcqnic 

brocci'l in the Oopley groenstme but aro import=Ant in 

uartz ktIratophyre, ls uscd in tMs r4,,:nort, 

aplie to fine-.€.rined siliceous rooks cmposed lrgcly 

of quartz and 31bite. The is a pseudomor)hous 

re7,1acement of ori4inally more cAlcic placioolaso. 

quartz kemtJphyre is nor,,Ihyrittc, .fInd some is 

nonporphyritic. The groundmass is aphanitic. 



that they co Lo: shov The; tuff anc: tuff 

broccin beds frwt a feT rect. to ab,:,at 100 fttet 

thick. These rocks are commonly netliam gray or dark 

Greenish...cmy %nd conllist of volcanic rock fragments 

and crystal c17ast8 of feldspar and :Ilartz, The lithe 

fragmonta are Fenerlly less than centimeter in flam— 

eter but in some places sparse frsg:iient.,J 9.G much 33 6 

inchre in di3meter arc unevenly diztributed in c 

tuffaceous 

;~ri in qn.: age 

The chract;.1r 'f Vie rooks thuz ::;i:Ae up the 

Copley .Trcelstonc al:oxe t:t forALion is or ex— 

trurive volcmnic ori8111* Metr 'Alo volcanic rocks 

sere extruile4 into t tr oea 4:;r dry 1.rld to 1.it knwn, 

mnall lon!ais of bed 4C. tufr Bu..7.,t that port 

of the Copley in tl!n Otrrlen gountain afta wau 

it in w.lter• In the 17;est Asstt copper zinc t.istrict 

(tinkcl !!le! others, MT?, p. 64) abundant 2i 1o, 

end tuffsocour madstne in the Copiej su4r,e3t tt :riuch 

of the fors ltion sas extruded into thf.z sea. In view 

of th* gre4t qm)1 extant of the grckinstne 

in northern ::;a11 "ornia Winds, 19n, titolorio map) 

it is probable thqt the fcrmnfi,In Wq3 cjooted from 

several volcanic confers.. 

rio romsils hrIve bcrl round In the ,opIty oroonatone 

https://chract;.1r


 

 

an4 its aee nlust be deduce i'rte: its relations :1p to 

t)vt, rizillt; rocks 

tyl.d.ovi of the fAvklalt. 

w‘ prc;.11, Voe rhyollo in 

tbt dinrict. It alsc 

apvAroat •con:ormi by the rennett tn the 

Yount!An ur.Ta or the 7a3t Chostn districto The 

YeLnutt forihation and %he Tglakiala rhyollte are of 17iddle 

r'ev:xlien age (Linkel and otLers, 1c157, p, There." 

fore 1.t3 Copley' Lretlatunc i rrobt!bly alr.o. of 'A.6.1e 

(2,vorliarl or o).Z(r. 

rhyolite 

Distribution, etnAit,:r.tphie rtA.Itions, and t)lickness 

Atut ort, rquart ra!lt.: in t.ecrt„ 1',), 201 1, 30, 

To r !:,, 4 •:",nn t,11(} ut,11 f'.!te,L. of C°7'rlt,•n 7..ountain 

is undcziain by rOliceoue, ,,q1c.rt17. keratophyre, wtrtz 

koratophyrc brcceln, nnd !.uff. ht :e i liecluus rClcunle 

rocks are corrolrAnd on tY:k beefs of 110:c1oi::5? ant 

stmtiFrptIlo relation . v,lth AatAlb3,, rhyolite, 

0:1011 isnzt namcd by tIllor (1006, p. 7) rri exposurce at 

the Dalakialq nine in the: nerIty ,ctt Shantct eorpor-zint 

ditrfet, The 1-41akIn1a rhyolitt= ie rop. for 

flstvo. aulflOo dopoets In tbe *ett distract 

nrAl is 11toloicaliy and ixtrocmrlhieLlly zilmilar to 

the Pully n111 rt,yolit6 t Tr:bes.lo au is the 

7wia 

https://Tr:bes.lo


ctiof tc;!,t for t'Aflr., 1 lis 

trict. 

s.L- 13140,A3 overlies rintertngues 

tle Copley eroonstone, Or, t!-Jt1 roul;h flnnk of Otririen 

;a)lalLtAll (71. 1, the 1r1.1:Alala 111 owrl,A.n in po rt by 

th‘; Tormtion but in part by torl!,-uf! or the 

oplej cmcnstone. In to 'et flvIsta dintrIct, 

the :ialaklala rhyolitf; lz mory extentive t;tan in the 

rt31.; 2haLta dis-trlot, the main body of Belaklale over— 

lies the Copley Fromstone but in places the contact la 

trnnsitionnl, Nqth sheets of quartz ictophyre 

interbedded tith volcanic rccL$ of the Copley grewnstone, 

and 13yors of mafic rocks intrbedded 1ocr1ly With the 

n!klc,klaln rtyo11%-:', Interbedding la cspeciAlly cf.ylon 

in the vicinity of t. 14F contact between the two foralntions 

but also occurs in places hundreds of feet above or 

below the contact. ':.ort)over, where the upper part of 

the Copley and the lower part of the .:"qaluklAla are made 

u.9 of pyroelastic rocks, frnzatints of uartz keratoplaym 

and fragms.-mte of =fie lava are conly intimately 

inttirixed (.1Ankel and others, 3.457, p, 20). This reas 

ltionship wlz scen near the out'. of :tcr uich n4 

In. other placs on the sout flank of )'ririon 

rte exItact bottmen the 2,alalt1!lla and the t;opley its 

purely arbitrary in such placs nnd ita position depends 

won whethtr quartz 4erutophyre fragments or -rtig;:mrts 



 

 

,ovt rbTAito 

in at .c ;t In TY:rt tct 

nt(Jma. 

t:yckne Is 

1C!:70 ft,:et ap :qeswureel 1".; /.1)1112 

o the rtrike In ef.strr p,rt rlf i oo. 'O, 

4 * U4 N., 1%. 4 '- orvvor, '; IL 7- rOi t . 348p 

potttirn, tho diff'cr,11 fror niroci to 

Place. The ubsuncr, of tte 1',?31ttl‹. 1 in zmel of the 

Vountaln area is at"..ributcd ort:inra 

Ciscontinuity of the formation. 

An "etrrInIly 

The nctlak111::, r!volito c,o717,11t D.7 Uol.)11s, 

11:-.=q-colorel 3,iv fit:0;a, ')11e: 77alai1e 111-000i-1, 

A`Nk. VW, rA .tuff, 'i4 .tinor maric luvi t r...7 ,1:111.1 • 

tnt(lrhodd'Ap and In ,7:'-r17 ninc,'!ft 

ott~. r, TraciraY6 nlr!liblc to Co to, to 

ty. mn 11:-tod d!ibcTc nrz._ diffrtrtcd on t,-,T i7-1710 

:nap. Thc tufftew)t s roc?..s, vtleh cricT out mainly cast 

of .7io,At'7 of It `y..] trdel74! 

Lut thf oth, 1it!710 tyres eo -0t. v- . 11,7a 

cont.:ine- n t.,.rocryrtn. lr ar. 

7rountmpnp, 

citr, of fl:Arts: and reldelrx 

f,re corJ,:orl; visible tr ;urfnceov.s rocks,'The pre 



  

        

:,cnco 

1. r --

71ac kln lo 3 -rf: 

i ,rc.--"oc% or tYe 

littt to tledILT errsT 

cr `Tura' sll.rface on( rs tc clbriy, or butt. 

c,::;n1 it r.tJ.yrilo with pbt.nceryst:: 

end rcldspr, 1:lat in L,,oc: plact3b it IL TI,)n!)orpl,yri104, 

Plicinocryetei in tht ftclec 1.7tme :rca 0.5 nm 

to C in Tley Lry = tlantltatively oub)rdin-

nto to ttl. crunse. pLenocrysts. althaue;h 

'etc, nvm.crrs rrc more conapicuous tl:an ti-.c. felCepr 

.,cnocry8ts* rlorm cont!:tin 

crysttt tllot fall uitMn n Trirticunr sic 

riort, ars c:laract.nlze,: bj phunooryatg ran,:t frmt 

1 to 73 zw in 4iameter, ottcra arc ot.ctrized by phon..6 

warysts much as f.; mai in C:1AAme:tr; an6 ot111 otLcre 

aro nonporritio or contain on.li sparse phenocrysts 

4` 1 1,-1 1 mm in 41-,meter. In ::.mzral, flo7as oont,Rin-

init; tAtf 1PrFe&t phenolysts occur in the upper part of 

rhyclit.04, 

'Olin sections show t% t Taartz and ::%14ite c7-tm1y 

gvAe up tabou percnt. of the , 111rtz kt.ftj;ophyre• 

rino-..grAnod rtto (ailn and chlorite care Anor co:4on-

ento In Ilino&t all tin sections etudieds and celndonite, 
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anatitc, Ii i,AAt4%m iiQ1 1,10fIt't i/COta 

icLt;- i.111 th v(r,. s:11 5_11c:41nt.<,, o.0r41/ 

n-rpfriLiot In., in of.c, 

art; Erp.1.1, in ,:=1:3.1-S, ...14in‘ 1 ''• 7,1(cri 

ture, 

rillLn:Jcr;tz cv4 tri r.11ef itth 

tJJ :anadA 17almit <1:.7 t:in%acl 

to 1ite, -2-41z)=1 , tin4146,2 

:%;rr..nrists 51;1,dral to 6114,154ra:to 

ztti;r1 in 1.;:,c rl,a1 to 

DU i, 16 It; ,Js, iz 

o2t1: le rhc: caln3 to 

;1AC.:1.,1C1. 1Z 3 4;a10.4. o: op)rox— 

:;. do4;1'. ,n 1;;..tit3 in 

4:.,1413 o; 

,u1:ta 

41r3 to 6 lll in ‘:Ia.li.iltkt;r 

.,00.1.1, „:to 

or;sta art. oaaa;::.1.12 ar“.! 1.141ti1ay 

wxtluction, altaou,:) phLnocrictc, arc euh*A1-, I 

unir)..1 

ur4L:ulto.;..; or :fc 

• 1,t7 

pIi1'. 1t A,LItc, he 

rediattnk, :1- Att„ 

n:Jcat1“3 ant; rts;I%lelvc laLl.)ee 

4014140 
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ure 2 -- Photomicro;- rarth of porhyritic 

kenItophyrie from Plstern part of sec. 30, T. 34 

• 4 rote te nu1tr I1tc nhciocry!,-As (i), trld 

ourtz ntin(Jerynt (o) in :7rounds -71lAte 

Liths, ilicrocrystnillne 711.n.Dr 

wite micu (X 25). 
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erentor ti 1.54, Thio r tr1l chi- loa;e 

-lock 1w71 1 ,)°,7$!-1.:;" 

the ;.alakiala IY1i ur.11 17; la,• 

jnized ecept tn It -ca.vvy%17 

sitm or nw7.111Tltic 

r)t; 1r :.11;.?r(. art iai.t to o I:r, - -nr, in 1 rl,o;rix 

of rock, 2.1thour7 the frnraort.7 1-1- r)f 

c::;:120/111.:4. And tflctire ns ttP or 

elirtly different color 'old or n7.7- rn 

thf, z1tri.14 it beatl-lc,rud uutrons. Ttc "lc1[y 1; de*, 

in !fr..,Atonhyrf.); in a 

rem Aproa!Ars to 4,.r.V.te Vto vo1=7 -- ,1n1t• 

of nrobahle n;roci,LAc.ic oritYin. 

divermlt tfnis 

In 4.,;:lc vo13,12 6imtin;..1,1t1 It r1-::! '21(.)k 

most colliJonl:?. .9#31-vti,r0, c' :rtz 

kci%.,topLyret 

nor bandGC, ooror rr7-47:ncrt;t:; In 

pitAccs rragratnU of :aafic )'ivo ,Art, 1111 

mento of li.*L—cc:dortti 0.4.\rt;!, VrrEitn717.47rq. TN, 

:.i.tntr; from lcss 1.17..c to incttro 

in r_lf%matero LLei pit. vr 

tvIA,ch ri2 i equIT-4opritit.ln o crml7t .;fro 

exueTA in c:.).4o plaoez cQnt:Rntel with the ',:a..,*11(iy 

grec.nsine -Ate.::3 it 41.:-16 01 nOrr notio 

Tho OD. tile .rilati:›nsnip :wtween the Co7,107 preentone 

https://equIT-4opritit.ln
https://n;roci,LAc.ic
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https://z1tri.14


 

 

•I -1 • ; • • 

; . ; - . . • • . . .1"1" • 
.11. ••••• ....My • •••• •••• •••••.••• • .4.. ••••••••••••••••••• 

•• t1 t -J f; 1. 1 : ' 7i 

, ' •.• „ • " vo * 's I 

. . • . # :-; '• ; 

:. :• 41' ' t ! 

,::'t t., J.. .11:4 

...t ' • ; CA11 • 

4 " 

4 ' 

%n ; 1. c: :‘ 17 1 71ri. ,k 

. 

4 A 4 •
AV. ft I, .4 1 1 r. tuff A;Ar.: of 114.1c. 

C!'!" 1.4 ":.s.A1 1r. 1.. • 

I tt'• 

()I 

•-• {Li • sr- ' 

4 4 • pN 44. • 

A • • • `64 Tri o s••:! 

?(-:$ .i.ot•lt, 0), 

:nr r. 7) 



 

• • 

. .• 

1 . ' 

. • • 4 
4 ... • . 4.4 .1 •;.: :$ 

„). 

, I IA 

. • e 
4 • .1 414 • J. C Lc.. :4; .*;• • • . t 

clrac;taz 

• . 3 •P a!A SA w 41. sol ••••• ..a I . 2 

v11.4Lrao14c a , 
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.tt ••• 1 ‘14 J. rt. • 4.1 ,II"... 1 .1.14 11, 

• 13 is , C. LI 

,e upr-

L,..vi,14, OS:747, _es 

vicrf, 7;:une! ir 7.0 .703 ltc 

!)lit 7111k0 o4*i-rs bc,vp 

i t c 

rYi,.T1;.111. 1 'rcnnett 

, 

1.1,e '1 11t; c:e. 

1,ua.ett 

.2or:41eLl-ia Lto c).1L; 

unit in 4 ure,...no 

(1894, p. 591-5U3) :rum expoaures b6tAt.,etJn 3quaw :;rock 



 

and 7,acUone Creek in tlx cs& tZhastl co` 7.1er-zine dif;-

tricto W the type locAlty on Packoric 

li:ennett .1-orntion cMcfly of siliceous 

turf, antlt icy rAlnin :ossilc• 

(;:inkel and others, 1957, pi, 32). 

In the *Last Sh3sts mup area the Kcnnett rorion 

forms a dit,continuous belt aa ;wet Elt1 1WC; feet wide on 

the fl:inks of the OlDrien Yountain anticline. telt% pl. 1). 

Durk cray viliceouc brorniutp.grcy 

if r- eL4.10, pyr..)clugAlc r, e1 o, tuffnocous szlnines 

and lenticular limestones ciro tie chief lithic con!i:tit-

uents, Zennett ie rocognized in the f1(.1d nainly 

by t!le (Irk siliceoun aLnle and the lonAns of limcf,tono, 

trcitilo relations :(&&n , t'Ackncoo 

The Kennett fortwation overlies the Copley c.reeniib 

storm oxaopt west at Ilterv, ':u.1oh where the Palkittla 

rhyolite lies betxtuln f'..cnnott and the Copley. 

7ofar oxosurem and mior fflultinc obscuro tho details 

of tho rUationfOlip beta e5en the Eennott fortution and 

the underlyinc formations. liowevc:rs from relati6rns 

oc in the 'Rofst :Manta district (Winkel and othmr*, 

a1557t. p. 33) it '.~::ears likely t4It the E  nett V44 

dcpositod exlformteoly on Vie underlying volcA:lic rocka* 

.4acnoo of tnn ririert 

lountnin area is probably duo to the oripinel c:iscon-

tinuity of tic PAlakiala rhyolite rather than to prtial 

1 . 7114tiglAla rhyolita in rAuch of the ,:, 



erosion of tc.' foratiDn Prior to ce.7)ositi...2n of the 

innett. 

The maximum thicknss of the Lennctt formation is 

about 403 roet. feciture in view of the 

hetero,3eneous 1-)cul uLsence of thE, :'oTma-

tion is the unif;rm tici,,nec. of 300 to 4",:,0 fee V.at 

it alaintutns in ._:oat places 0)c:rt It is nresent. 

Lithology 

T'o well-defined stratirsnhic sequence was roccw-

nized in the Kennett forrwItion within the map area. 

In ,'7,c,nerl tuff and coarse nyrochistic rocks interbedded 

with vilIceous make un the lower 'nArt of the 

fortion, and 11r,tt trotn fosiliferous sbales over-

lain by s. oL limestone mzikc in the upner:1111 

part. Drily the lillestorw is lIffirtnti,Ftted on the 

geoloic rriqn (pl. 1). 

Lark sWceouf.2 of th :o..t chf•Jrac-

tcric;tic rocks in the Kennett forrvation is dark gray 

siliceous sh[Au t!v-it forms units run; inn frox a few 

feet to about 100 feet ti-ick. rtrile is bedded in 

I'vers rmnFint. from I to 6 inc'lEs t'ick and eAln5Irat - d 

by ,lines of 11rting. Only rqrely wns a col3r differ-

ence observed betwen adjacent ltlyers. The hardness 

of the sbIle differs fro7. -.; place to 71lAtce, apparently 

reflecting differences in t'-e silica content. The most 
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,,

siliceous phaucc wcIt'ner :AN:11.= ,q;.e' „z-

In few 91accu, c:.)2.1t%An 

Ltle ott! in vtAW:cpA 

Tn platc t:LL durL„ LYIlccu!i ti'ml_c it; 

intcnttd vtiLa vith n 1-,:uartZ* This 

oonort. ciliccoua 7-c:resccint 1r 

r%ncl, fault Letrcun the EcinTI. '( uncTlyirL 

vulntic unittJ. 

mcl c,r ti. ffecur; 

teded with t!:c. lov;:r :;:Lrt or Kennett 

rormati:m airs tuff, cohrse pyroolaztic mckri, 1r6 

ntctor.. tAjf is ory7tQl-11Y lc 

!!'iff of icerlYric und i..QratoprIc cf-

t1=; it v.1_:LI.r to tu:f In thft ;:ople;; Frct)nrtone 

and thc 3(111,11414.1 rracmcnt of vfAcqrsie 

rockE crystls nn) cry sty claz3ts of quart7i:. 

aptir tagc thw principal conztituertc.. 

rlInGem a fraction of u mm to about 2 'otA, of 

the tuff it; poorly stmtifle 

Lenoes or potir fracmerl rock arc; eorA In tho 

anott formation, cAerly in the lower prt. Sme 

ol t7A2( franental zuitcrial in 2y1..ciclatic rock an same 

in flow Lreocia. In scte• e‘, Ts 34 N., R. 4 ";( 111 alAme 

tilo old eI4ievy near rion t;rcsok a lvrat of 

orate about 30 foot t-121,x conLi4:rtl rounded /y)r-

phyritio kerrAop%yre fmgment,, from 2 to 0 intho in 



diaiLE,ter in a tufnIceous o4 trix is LA' riJin y 11 

"io &. 11 .. s ;.); 

Lfl '40Q4, 29. T. 34 ,.•• • a :1—:yr 

SI liar t. fIc 1.: Alt; .;o::1,; 

intort)ecitic,.,1 ,411 fs7 , tuff• 

few beds in z; forit)ri ifit of 

subrounded Ent p!Artly sorted 

ciun-rtz, id rook. This mat1,a t oi1 ls 1:uffaeous 

slnd5itc;ne probably ror:I. frog reorked tuff.:1 

zh,lc:-- ;sec; of 1:17 - broo.11a1.1 cry 

slmlt4 ab..J4t 50 feet ticks ovf.!1.1 4...5s 

(lark s111c#3ou3 sJ'i1f 51.1 tlf:" in 7t103t rate• 

t!-11:.% 7:00 IS "a"-t :nd rfp‘t'.7rirf.A. 7;Ae1r: pr nes 

11 sole 'aces by 1-iy3r3 Jf folla and in 

otte:r 617,ccd a _ . ..!actian xf. an 

to ubout a Tot ;part. It if,3 an 1....Tort;nt !lo. .1:1zon 

,a4.3Ø tt '14 t%e 1kt rock in Thnsta 

arcl tJA,It b,ccrl (17:tc2 tha ;2st 

I; in ;:le eut of ln ablndonc rQ( in tna 4 JCO. 9, 

7. 34 7`Z., rt. 4 

timest:t):--'Ae yvangc“ lit!'.31ele unit of th,-2 

17"  fino,nnct.t fort-tiAl is mtlreive to poorly tlfade s 

r,:lneds II. 'it rivliAceLno. The 11:tone 

sevt‘r-1 disOretc boles rroll 100 to .Z foot 

qm! 40 to 50 fort thick on fte r.Ae of 0tr1en 

un! Lowilly, 1" contvins .1:11r.or (11!Irte :111112'8e, 

https://ovf.!1.14


 

7corlf pre$ervA ro511e, 5e.(t.n in 

t.Cuzzlcc, o;L 

preseccl o c:c4rA.a :5z1.:3 4ht it vi„ 

ir. ;.:1::i.AloL st t.ar ec7, prolcto 

i7141 1,-ugi.. E':.)t vw b Athr p. 
1.6;$ th t it it. at lf:aut in a rf,f 

ur..6 others (1957, p. M) frau ttudi,6. 1,-. 

t c:.)%clurion. 

Conditions of cerosition 

The presence of corals in sedimentar/ facies of 

the Kennett forwition su i;7ests shftllow water 6enosi-

tion in a warm SO3* Ale int,Jrstratificrttion or vol-

clnic aateri,A1 with the sedixentary rocks in6ic:::, tes 

intorittent volonism. That volcanic activity gradually 

diminished and Pity 11y ceased in te iwiediate arrLu 

dlrinj llte Kbnnett tirae is :ested by tht" 

decre5se in volc'inic rocks from t'ic 1.1vor to the u7,Der 

part of te unit id the virtwIl lbsenc of volcnic 

rocks in t), e upper part. The volcanoes tht g!avo rise 

to the tuffs and free:mental in t'r..*tt_ ].over nrJrt of 

the Zonnett mAy have been ir or nv,, r *e.np 

- rosion of t!',ese volonoez arh: Via reworkin or tuff 

dn)osite proatly surnlied t mat9ria1a contituting 

the tuffeceous sendstones• 



Igo arp, :tune 

Thu Bennett forxiNtiJn hlt 1c11, kr, -.1 t 

of 176Nonl-in hgS (Aller !Ind fe;ucht, 1E94, . 41C). 

"ost ñetr r id 

c•Alcctf-el litorle In Lckhone Creek loclity 

7J1" tc et .5,1strAct, 'Inc! frot 010;r tocitt iar 

V-,r; sublieriF:se c,cttlerzscrt of -oriNr, 66e. 19, T. 74 !„• 

4 %, 1r zlistrtt. Mc 

strilt1,7r1rhic 'posItlon or t 1',1fiEtc, ne on rnekbone 

anl tl7c o1j roc-z3 It ore is nt, 

1;r171 'cut or 11tloo1-)1:rds t 1!testie iG ItAmed 

to ovcrlie 7ockr,. Tht t 1nvqntl:Htl.ln 

hri.szr th.ltt ,%;,1.; bFle t.3-Ksell 

r.c7:r -orley -11so cro? out i:Jr 

!"oartrAJI 

Tr th1:7 1141eot.:)na It $:tr,t1;artc:;11; e-7,t1.1r1..rt to 

the ltmetitkris on Packonc :rtick, the unrlyiri,z. 

iferous zlhalc I ole,eFA fol-be=krtr 

112t71.^t. 

7'.11r1n t' of 141 .inc 

s771:- .1vprl c..7:116ctions'rt t7, r1.10 

so171,.7, botcr 

Mentions vere tslo ro1,7!:7 1.fc.77- )..!:; of 

t%r 7e(nn-tt i. tc.vcr.1 

t17 in -'7,c.g.t)ene 

i•T'e,?, of tbc, r"113 

who oxamined tlAe mett.tril unA •;c1 ha3 otrylse Oven 

https://1nvqntl:Htl.ln


 

 

IL3c attnLi:Al tLc. of 

,A3.L,•Yvnii, is retti,:dc for rz'-:.t 3n 

tkie L6„In‘g ,_•°111ati;n 

;;L.1 lrLL; 

in t.t, pt. rprtc. tc1:!;114.. 

froz the i.c!nuctt ii htt. fictut.:Uy 1..t ncnt • " the 

i.Arb 1,ticd1 tc ,x 

tcrr. A.Jevon Lze (.:r1r1c,t 

• AL 

,AAXA4L4 lvit.fGc:,Z111:3: 

‘411t1:0P1-i1lik; .sove.v1 tptats 

Zoliolilos 

.:Uvoollt‘a 

.'kift.)LaailoOP01--01 

4141)* 

,.i.yptwt:le1.1. cr. 0. pl:inir,istru (.:111; 

" 1,0 hi:kg 1.4 p44i; 1,t11:-.1. 1.tvoni4;„ 

( Alir tt1 UL.r, occur in 

t4o uiotiuot Cepozi‘1,AltiiC.1i in ;if— 

Lpiet, 1.1.4e(4.LvneL tLe 

vkl; i,yiel ',..:v3ervo0 JO' 

,4a..1tAN; ,.n; 

https://Cepozi�1,AltiiC.1i


reLltinships of thel,ie ci.); ls unknovi- n te :;:enzr:A1 

chareter of the tsseIbluee is not lAnlike 

ccrtiin tel;tc;rn cord assemblages of 

ixQck'slopocis VIEJ _trypu ar:1 ',:ryntoolla are 

letis Qa=ion. .,trypa be :11uri_Ln, alt the 

Asyptontala belc)ns to a !.f.erlus eener,ally reEardrA 

resricted to evunitAn. '4hile a Lcvnin ae.e 

)rob able it is believed that tAs shoulk2 be 

vict.ted viith resc$rvation pence ink 7ossiblo (isoJvory of 

betWr fostil aitcril and dntll tte relations!.ip6 of 

the corlds o in be worked out. It should bo mentioned 

th :t t cert,:in of LI:e iLliestonee T%iti% but ..ctu-

ally differci;t ft,,uns in AsLiyou i;AiVor71u are 

r4,V.or cnfidently reforl-ed to the ilurian. In sever-

al inst.,ncvls te lixiestons in %question refit 11Ye the 

Lennett L:evunian :Al dark &1.-Iless a4:J0 of w‘;11e111 has 

not been cuter fined witn assurance. 

" The tnn or brorn :)evoniqn slyyles 

of the 2;tast dint-lot, ropresenting t'ne second 

facies, contrsin :,trypa and t'-:e coral clisdopora in 

abuOdoince, most loonlities a%7,pnreraly' yluldink ftw oter 

fossils. y.hile the abundtince o2 theac tto ):,!enera 

[is s„ich does not eliinmtb posMbility of :-Alurian, 

tho :,trypa is n we diu:n to l iar •e form which may be 

oxilptired with riddle oF,voniAn Coma from the Great 

Tqazin. One ::.sseblfige frog tht near Yorley 



(7err1nal, 1940, p. 48) is xore 

Alhizophoril, 0yrtina sp. and - tropeodonta sp. It 

Is believed to be :evonlan and possibly lntt: 

evonian." 

ragdon formlti= 

tlstribution an ecneral 111.Arctor 

1.rap,don fonaation„ named by rershey (1901, 

p. 236—%38), underlies about E square %Ales of thfl 

ast .hauta area. It wraps orold the nose and forms 

thc flnks of tht .3tiarien !"ountain Rntioline. .in the 

werA flan and on the nose or the fltiolinc t :rrIgdon 

Lae an outcrop ti6th of severA. Niles, extendind7, beyond 

the Units or the zap, but on the east flank of tho 

*inticline the maximum outcrop width I aout 3000 feet. 

(pl. 1). Thf belt of 7ragGon formtion or the eaat 

flank of the nnticline is out out b: a fault nw)r the 

divide betteen Goat CrotAc and ;:);?.ckers Gulch, but it 

reappears a few hundred feet farther southwest and crops 

out continuously to the north edge of :illasta Lake. 

It is not prtsent on the nouth side of the lake oppot?Ate 

the prescint ,.,Lout'n of Packers Gulch and jtv;t south of 

the map boundary. The Pragdon conrAsts orincipally of 

shle, mudstone, and corwlomerate, rith bordinate 

sancIston, alltstone, and pyroclastio roc. the most 

roliable critrion for recoenizin Vie Trqgdon formation 



in ♦the con:1Dmirate beths (n7v:listin;: wilnly of ctert 

?ebbles. 

Ztratiphic rcl:-AlAons tl71CKflOSS 

The Dragdon formi;,tion tht Zennot"; fortion 

in ;:ost placec, but in b006. kind 9 an the north 

3ice o; OrTien ountf,:.in it , n33rcnt1y ovf.rlies 

Conley greent-itone. The contact betli.,er:n the ennett and 

form. tions is Poorly exposed but in Tst places 

cnn be 1p7)ed vlith fair accuracy o' basis or llth— 

OlOwYe 'he lower prt of the "rAl.c4on le v4:ry t 1n— 

(3,_rq !1.11e Inca slltntone thcA cernlonly 

weatters brownish.-4ry, Theremfi the 1, nett 

clonipte of stlineous, more t: tckly bed6ed s)'!n1e, 

fossiliferous 4net 1,tieulmr litmetono. Con-. 

lomerFit, the Ist chrAroctc;ristic rock of tho BrR4Tdon„ 

is absent ne%r the base or tt'Al forayltion. 

Un the basis of regionAl ma,lptn ;Alier (1906, 

p. 3, ;':eolo,tc map, and c,.)1u,mnl-,r sc:,tion) concluded 

V-07tt te Iennett and -ragdon forwAtion:, ?ire wIrated 

by an uncontormity, ale points ou In aloiny plat ;s 

Kennett fornititiLm is ,31tis1ng and tiesumcs th5t it 

co::;pletely crout3 locily berore denosir,lon of the 

-Yrigdon. He alvc noterl th. t corclocrate beds in the 

7:r1c.don formtion contnin t1 ;runt dwil of material 

rrum tYle. Kennett, an t*.%t fv:;hUs Inc!Acr.,t,s 

https://ountf,:.in


a rA.stAssnpiftn agc for the 7,rvdon, whereas the 

Knnett is of 1cd1e T.evonian are. 

Einkel and others (1957, p. 344.35) interpret 

the ).rai:don an6 &ennett in tic2 ,,est 7,haste co'pper-

zinc lrip area to be essentially conformlible. Accord-

Inv to their internretati:)n, differetlees in the lith-

ology of the Kennett inediately beneath the 'iragdon 

are due to frzcic:3 change, and OJIces where the 1,ennett 

formtion is absent were topo •ruT*.tc Ilichs where 

denosition cc ot occur. The framf-,nts of fossil--

li:lestone in corc.lierte bcds o the Iradon 

were derivd from th !-:ennett formetion beyond the 

liits of the mnp argil where erosion wns t‘lking 'once. 

In the ;plest Alastl map area the contact between 

the Kennett and 7q0agdon fortrp:Ations is so poorly ex-

nosed anC the to units are :,1) (AFrupted by 

that their strutirenic relfitiunship could not be 

defthitcly ascertained. ir uncon:'ority is suestis.d 

by the absence of the Kennett in some pllices (t;ec p1. 

1) and by bri e differing litholoy of the ennutt 

immediately beneath the iragdon. However, these 

features mirht also t),, explained by faultirw. 

The freguents or liebtDric containin characteris-

tic Kennett fossils in conlomere.te beds in the 

regdon suestel an unconrormity. 

-46-
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t)icknas5 of rom ttQn r fro-, 

filx ner nJuth or ?1,1k t) nt least 

3000 feet in the ct;;trec prt or rule 

In the IJitter arca the top oZ f,yricati.:)n is not ex-

po4ods 47-1 tzetore the zaxirA174 thickresu is !andaubt-

aiay *:reqter than 41L,C) feet, Aorr: V%f:- fIst ,ulde 

Corin ountain the xq:0Liula t.Lickness is about 16U0 

foet, Lit% un ever t =, e- thIckne$b (3.• 3,rat rest. 

litho:cmy 

The ':r5,7don fOrMrtiOn i3 71rinCir)nlaj =,/d-

ston e and con,:lomerAte, :At!) *zinor siatzs-.ono, sandstones 

tuft ,o1: ,n tvIc m. r) (n1. 1) 

;aedf; corrlamentte beds of pyrocltic rock are 

difemntilted from elale, mudotonc, sIltst:)nc, and 

cifinostone. 

Shale anal mudt- tone:--,%tout 75 percent cf thn 1..f.xFdon 

formAtion is sh,Ae `And mudstone. On fresh nurf!az,zn these 

rockr. ire r.Inrk rrn: to blnck thoy c;x11.3crir wr.tser 

to 11:;ht brornish-grey or medium The is 

riRty and in goat places thir-b4-,Aided to laminAted, 

whurcue, thc r,u(;:,.;tone lc filvcgy, with 'Lscd1; zevcr-A inches 

1171ek. In both the shtlle and tLc :Aud.stonu beddinF is 

marked ty slitA color difTerenees !.:;nd loclly 

riht differunceftl In ifrqir. 

..̀ - iItstone and santi6t.orT:-- 'llttunc kind sandston..: form 

thin find inconz7)lcuous layer"; throrfzhout the :-rng&)n 



 

 

••• 

•••• •••• 
•••••• 

••• Li " 71e.re 

cred 

1r 1 I _ t• 

, 

• 

;.; 

, t) 

rtC;1.1 f '.. I so 

•• .ore •••+c 1Jr 

Cr: i. 

11:: to !Te nt, or •! • • It c„ccur Is r, 

. ,•1, r,'., i 

••• .!!;• 7 1--1.:! Tt .1-1, 11 r-ty 

12-r -6-

'c.)1 14 1, 

e% 1-. 1 1-1 

UI t : r e 

11 t: r • C 1%; ri t fro! * t: 

it: , 1: e !:(- fT 10 r, 4 i OS t 

•,• 7,1 t: tit • t.t 

0:7 3 v.? , • k: 

- t,-rterilOr C‘ri tc, ?.r)t1 ,";/ 

4 



 

-2he owl. c)-121.1;t )7" ,1;s, 

snlr37 rr,- -It i 1-

ltvIr, Ani se(-1(1,stlnt. 

c:,nrnto rare r1ii fo. f's* 

in Ji=ltor to cotbles aba-At 4 ires in dilmftt07-, 

In i-.En:yNas t1 conplomerAte bade ifkro noo-ly sc;r1Y01 

with oronoanood ma/11mq near tle onds of t418 AiZe Oiztrib-

utiln nlrve, The of le !orldy 

r:s 7, Ateri.51 30 firlt VIAt 

arlootly acro3L t hles. bfrIt't8 

1-04Arl from cobtlia or 1)!1;1-7 cp!,:1(1-r!:t(z 

to siltatono, basos OI. 41(13t cvvvlo01",.%0 

fAre 3hern, fslooth, , 1,(1 c.,)1rormle ht the A:'fets 

of rge ..v.In c!ttknnnlin ohlmrve4 ir A 1:0W nitICOS, 

The ()hart nebbl,N4 Artl qm-dar to roum4.0d, 

of ronndneils nr; con:,13tent relAtlar to r:tr'tl-

7ric°710 po.siticrt or to rrin sizg. Irwmonta of rock 

t7lon other 'Ti ottert anDrocinbly 71ore rcn:!-10,1 

then those of chart. 

few 'irk kray co;ApuLid ohieflY 

of subantilnr neobla of (thort .and ohlorti mudetont, In 

c Imr.k, ratrix, t:ro -)txt- in the lov,br 

nlrt of tn,1 Eregdon forcztii)n. ne bod, out 50 foot 

above the tpme of tbu rit.on, cropc out in seo, 1, 

T. 34 4 on the enst of A)untain. 

It avereiges &lout five feet in tl;tokneab tin6 ruo traced 

https://roum4.0d
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Cor about ';iolf P 110. bod orw:16 GU: 41;Ut 

T21,3 ':)ovtdczt. ci. ; OIrien 

17%,uritz.tin t-teo. 17, 
•4, • :-.A-du of 

ocev.r ;(.11.Aons 

in tte 12rscdon txt tLe vricmon. Thin 

%IlLt tle t.:•;n.a.1.1:tc 

to subroundod—vramtle6 cl*!.:rty 

. 1.1!:ter.e, and cuortz fn auboraln.tt, :;t1.12.: of ;:cl— 

crictlline 

Tho sorted :,n( rit 

frm ui*, 10 ;t•:, 1I 1Letr. d=).re color 

of 1r;r4115' to tLe 7IrcEcnc.; 

1 ft cor:stit— 

tient ,::•;‘ s zAtr, irci three 

11.o tcevst t'nd !.:rdAt e.vtortive Ia in - the 

r1Grt'17c6t oornul* Gf :Alp. (pl. 1) 

guff ti'd b foct a'covc ';;;A; o: 

f(4%.;;t5.or-, 

It f.nz folsp;Ir cr;131. ove)rtigln tout orc 

in tor, z2ursc, LI:1 fori.omm.*TwInft 

c7rtsc fronicr.1; .7t• green:tone r;;; :.uch 

au 1.6!-, in ;*.1a.017. ;:.'no-Arz; to be 

1.01. 11y, t.hin 

Tuft 1.1f;atr thc :;.Of PC.' 

erte T:v.101%, 7:hcrt: leact two b(IdL o tuff ore lntcr— 

https://f(4%.;;t5.or
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t;,c1 ro,1 od IS ot 100 

ract nt7y:;,! %)'' o-rt 

't 

:,71ff til•T In 

1.17t 

r. 4 

.Ntn:t ;. . ''1 12. :1.s 

tId t).3 -‘1 .-"1 on man, i!lv it 

t 3 WI r the bed In 

C110::. It L.: *ith 

•-

If ; tlrn 

un:;,r1.111 Li (f..rk-.;:y, 

rrvt, Ta Wf in 3CC, 

18 is 1!thic cryrtA. tuf or t.co • 

et indeoitio cr !741t:altio tci, wit 

1Wr :r14 (Ind 

'l'yric °=!-It!- 0.,”.07 Of 1141t17e. fslerrqr. 

Conditt.ms 01: depoultion 

Too small an qreA of Bragdon toraintion was arApped 

durin4 prescnt .p.7r-At speculation rtgerdinS 

sourct roclt,e, !and corOt!no of sedintition but scoreral 

feetroc. :Aro eugxesive of It'', iurce n4 ode of 40.000, 

otit or thc cllort ,z11(1 F11 thc 11 ton Lle'arla 

in t conp:lomtrato Tobre pi-obubly dtirived from tn., 

4ennett fornon, oknti r thus lolve btAin of locul 

https://Conditt.ms


 

 

 

The wirked lruNI-Irity of 77;o3t ele!rt pcbs In the 

:;onlo:iierutes also tulue,gest3 trilzport and tere-.. 

Lire loel orit7in JA T; does not n-olsari)y Cc.nos-

Ition in on,Illow tater, i:ha !!dllientfi o the 

31.06aOly denoniPd in thf, batfly!il n3nos 

near 5tekil taotonically actve 

V sict ,ye Int,tr7ittr,11.1y Is 

44i'3 plet)Ihnoe Uf 1)yrocinatlo rocks in ta-, forma-. 

„sne t,;,ore of the earlieet .rwdon seas mil h:ve 

ut:ftr thc mo,,It'c of Packers Gulch there 

V: t, t) oraedon hppe- it' lrnm out bctrocn 4 £ 

6reenatove and the i431r0 forvtion. 

Age 

ihe utrfa;:irr4ilhic ponition of the ::/ton fortion 

taitw6n t;crinott fzna tte forlilations ostallshes 

it tia tic; In* of* La icy Aivonin or :aril' Vibsiseipplan 

(1i( 6, p. 3). on the basis of fossils found 

nar Luwoines a rwie ;-A.ltia north of the present map areas 

cut*Iim tn* }J.1.66Uon torml.tion au eftrly Car:.oniferous, and 

loalippit-An age ret-Ihad :'or this report, 

nqird formntlln 

nintrIbutlorl lid p.onerl ,,!)-11rater 

of'The lotlrl rom-tin imrt on 1..loV7s 

the YeCloul -Iver 7111t1 r- q:1rvr)tr ..1e Al 

astrAmf.1 to be onrtinwpip t'14: :"'7Cloqd 

14ver vnllev. The nuto7r of V . rorra'ItIQn 



rarwes from about one :1110 to n morJ- tn t7o 

Ales and te Reneril dip it3 etwIrd. 

rocEs„ and ;:xcen:;tone .:Ake up 

of V%c nflird fomation. :uffnc000 sandstone, lime-

atone, an(1 chcrt are minor con2titucnts. The fomntion 

is intrued by the iAt iver :.;tocIL: of lit—colored 

411rtz diorite. hind io TIlso r' off'? cut uT by tlbul,r 

bodies of mane quirtz diorite. 

The Paird foraltion ti:kez its name froll exx)sures 

near tIle now trubmered ciird fish htAtchery, Lich was 

locqted on the INICloud !Aver near the junction vAth the 

Yit - Alior, The for: ation was orii'innlly olled the 

"7ThArd sh,Ale" by :zzith (1294, p. 594-.599) but Diller 

(MX,p. 3) changed the name to 71!aird fortion. 

The P6Ird of r:itl) included about 500 fact of blAck, 

metamorphic, silicous shqles, with subordinate beds of 

disbase and other eruptives at the top. Diller, in 

remnin the unit the •Iird formatJn, extended the 

lolher 1.1Yr i to of the flaird shde to include "the tuffn— 

ceous rocks and adjoininc sandston; 

overlie tho tAlmost ragdon conlomerate." 

1rnt1ra2hic rat:‘tiJns qnd tickness 

The contact between the ;Aaird and the vAnderlyIng 

Dragdon formittion is drawn nt the up7)er "Limit of the 

platy e.1AAI y lah c%aractri2,os VA) .reigdon. Overlying 

this platy shnle are pyroclsic rooks tnd 1nterlayered 



Taudstone not. to '.aird. It is 7.1,:)ssiblo 

that the 'irncdun and ::Itird :ortions aro :5(.1.11r,,Itve, 

a discr,,,nforaity althoui:11 this could not be !lroved be— 

c: of poor outcrop and =oh rflnor f!lulting• The 4a71rse 

conFlomerate and co7,trativcly smal tcYncss or the 

nragdon on the f1.7- k of 0'17rien :Yount. in slotcts 

that only the lo;-,er bedc of the foraation arc 7re2ent 

pit tht loc, lity. The upper beds were ,A.Lher never 

de7ositt_:d or ricre rer,;oved by erosion before deposlion 

of ttt!, r;:lird, or hnve boon f.1.11tod out. Them seems to 

o no reliable evidence to prove w'-itch of teact condi— 

tions is true. 

The t%ickness of the 'Aird formtion cannot be 

Tonsure d accurritely owinv to lack of (Ito. on the sub.. 

merced prt of the form'Aion. It is flso difficult to 

estinv;to the thickness bcauso the formation Is so cut 

up by faults and Iv tril)ulnr intrusive bodios, 

line or section drawn just -ortt of *lley 

(uce fl • 2) shovs a mximum tIlc'Knesti of nbout 3000 feet, 

whereas a section drawn just north of the junction 

Uctwoen tht' 7cCloud and T'it ImIs or 3nstl. 

shows thickness of a.but 5000 foot. 

LitholoFy and petroraph7 

The 7aird formation consists (thiefly of vroclastic 

rocks interbedded with tuffaceou snnatono, mud6tonc, 

and mAfic flows in. the lower plArt; siliceous !nuth.,tone, 

https://Yount.in


with minor limentonty, c:lert, and tuff in the 

2nrt; and -reienstorle in the loner p rt. The formiltion 

in intruded in runny places by tnbulir Uodic-!3 of mFafic 

'11-,:rtz diorite many of vittch are a7)7iroxim-ttely 

to bcddin: and arc difficult to ditincuish from L%fic 

flows, 

roclqrtlo rocks:---cot of ,o!it Creek the 2yroc16e-

tic rocku in the loer .rtrt of the Laird fortion 

include crcenis%-rqy to creonish-ck volcnic bfeccia, 

tuff '-preccia, -,nc. tuff. The fragmcnt- 1 chracter of 

this a7teri121 is difficult to recocnize fresh surface 

';Alt brou:T%t out clenrly by weatrin. is 

rare. !!out of the lithic fragment in the course pyro-

clic rocks arc of pcirphyri'7,ic rooky: cont- Anin neno-

crytu of forro...mnenesian mincrJs find plagloclse, 

the fracments mtve from a fraction of In inch to about 

n foot in diameter. PlarioclaLo, and in mome places 

quartz, form cryat..is ind clasts. Irreuler elos of 

forromagnesian Ant- rils and rzuvrtz chats are common 

conntituentn o' tuffaceous mmtrix of the coarse 

pyroclast.ic rocks. 

Thin sections eloA, tl:qt tuffaceour rockv west of 

Ctot Creek cortnirt of ,Ingular to subangul-r fragments 

of volcanic roar and mudO,onc:, and cl,Ists of quartz 

and feldsnar in a witrix of crwz:n acicular amTAAbolc and 

nlaciocla3e. Most fragmentz3 of wacrinic rocks are 

https://pyroclast.ic


 

pornhyritic and cont!An p .:ocrysts 

-Tiroxene crynt'dE replriced pseudoor7)hously by urAitc 

in a iiroundulass reen amphibole, plaioclse, chlor-

ite, !..:,t11pnoalen9, cipidote, maTnetit, onhenn, 

leucoxene. Coonly the umlite cryntls contain 

small remn.ants of unrepinced Vot 

phcnocrysts are subhedrA. !and range from .20 to 

2.0 millimeters in (iameter. They sh -c: noral oscilla-

t)ry zonim, , with corcs sli„-btly more cicic than 

lbito, finrained white mico, chlorit, pu4i)el1yite, 

an0 stilpnomelane are common alteratin products in 

A.Eic,loclase phenoorysts. roundmass texturen of the 

frclicntvi of porphyritic viAcanic rooks rne fro21 

microgrInulr to intersert,d. lAmt 7)orphyritic rock 

fragments are meta..nn6esite. 3ome litAc fragments in • 

the pyrocluctic rocks have shout, tlic some :31neralole 

composition as the fragments of porphyritic rock )lat 

differ from th6 LAter in thRt they contain no Pheno., 

crysts. 

7w1,t of Go.,:t Creek, alon:f the west u16e of the 

YcelouCi 'Aver am to the north edce of tf;e map area, 

tuff interbedded Nith subordinate tuffaceous s,Aidstone 

and 'faidttone is the dominant lithol(vic constituent of 

the Baird fortion. Ccx-tnonly the tuff fors beds runP-

ing from a rev, feet to about 50 feet tick. It is 

poorly strtified ar.d rarely shows beddirv:. The color 



 

r!Anes frul. 1.1t ./7ok-Ash Varch 

to -;'.17ccnicih-11)1:kc. Lithic 'rte m.ym c.Jn 

cryl tuffs ?)11t there ere 'ill c,ralti-:)no bet-;:ocn o 

Under ,;1( _icroscope4 4 -rfs exA it :z.(2.1t. .Avcr-

sit; in compozitin copositiun 1 tos, 

meta...andeito tuff, kertiophyre tuf' and Tlartz kora-

tophyre tuff, rere reconized, 

The ;...4ctrtder,ito turf is uoiw:Aonly a d!.Irk 7rt;r:ic,It-

f:rny to (:ret.r.ish-blek rock.: contflinin,:- t7inlar frai nts 

of laeta-an6ealte and clat;tr. oc sli:htly albitized 1.terme-

dit07 .)1.cioc1,1ze, hornblende, and in Iritrix of 

celadnitt clorito, snhonc, leucoxe-c., c:':iotelo and 

fino-.crained tAto Acct. In some plaCes mcttn-nde... 

site tuff cont :ins op :arse frac!rvmatzi. o: 

devitri:ied voltnic gl'Isn in aAition to the mteri. 11s 

above, 

The koratophyre tuff is simil,ar to t',Q meta»anoeite 

tuff except thnt the feldspqr in litio cr,nts 

well ao tik feldeprx forL.A.ri cryst I ctlsts iii nlbite 

rrit r t ,3T1 intermedite 

,:uartz kerntophyre turf.' iv interWded Yith the orfla 

mafic tuffs qn6 in a few plicf.s wit12 m/ific flotis in the 

lower pk,.rt of tllo fortion. ,Joavaonly the c;uartz 

Imrtatophyre tuff is a 11 -ht greimishascrPiy to 11;:t-crr,y 

rock con: f: o Tuartz and relds?.'ir clast6 as ;luch 

as 3 in (Aameter in an aphanitic tledding 

https://forL.A.ri


is rare. In thin section the c,uftrtz kerut(4.hyre tuff 

contists of anhedr51 crys;Ills and clasts of 

cliA•tz and alblto, stilpnjLeln, -L,icr:)cryFt7Illine 

ciwIrtz t leucoxene, fine-

ecrairvA :Ac n, and pyrite. feture of 

yaurtz keratoltyre tuff are tbF roue, lobate 

lI cryst ,,1 In de t'3i1 

E,: ens of thcl quartz grfiirs shoT nArrow ricroscopic 

over rowths of the microcrp-A.-Ildne p,rounsr. quart7. 

- Tuffaceous sandtone:--uffaccouL; sandstono forms beds 

es much :As 10 feet thick interlvercd 1,:ith tuff and mud-

stone in the Juicer ?grt of the .lxird fora fat for 

t)e west islc:e of the 'Fiver arm. The tuftceous 

sin6stone, in cuntmat t;) tuff, is a re11-lieJided rock 

co'lmonly a high prz)portion of min ral cl%sts to 

litic frag:aents. Cubrounded o: quartz anl 

frag.T.ents of mafic volc,tnic rocks, and blcick opRquae 

minerals the coraJn oonzitltuents. ?he opaque min-

er:11s Ire ohicfly gnetite concentrrr in discrete 

layers about a hAlf 'nart. thin 

scctin of a typ!cal tuffaceous rrIndrAone consists of 

clasts of ,.abite, rwArtz, and -47netfte, and fragraents 

of keratoptyr , in a matri of chlorite, rilicrocrystlline 

fine-rained .;116 11-.,unite. The 

sandstone oont-1 ins detital ezr.Ans ”lbitied feldspar 
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ar; nuch an t7;(1 millimetorn in (f:iter* nflko up 

tit.:)ut 50 percent of 1-Qc1::* c7u1 lithic 

f;::intr; aro intitely %ixod vJti 

tite in 1"yurs nvera6in: ab'..)ut one :71illimoter t2Aek. 

about 10 7)eroent 31.* thc rock. 

"u4stones--About 25 to 30 porecnt o: Hi r0 

ti on is mud tune. It is V':c nrinciTml con— 

stitucnt or the middlc Tv:rt oT the, roravAlon and it forms 

lonsc,s interbeddvd rith pyroclastic rock:;, tuffnceous 

slndstom, ana 19%, -. in tic; lower pert of the ford-

mntion. "of;t of the mud:Aono is thirk p!nly and siliceous. 

anA.ler '_mount is tuffaceous* Me siliceous mudstone 

in ,.:onnr .11y not lqmin3ted nnd is in bt,As r!-Twim, from 

4 to 1:: inches thick. :();z1e beds contRin abunnt foss— 

ils* :.she tuffaceous mdstono coi,nonly shoes fint beds-

<:irv. and in 't few places shots crops boddinc;* 

In tlAn 3oction tc siliceous rauJstono conaists 

cicfly of :nicrocrystalline quartz, r:i tx, minor clay 

minerals, 3ti1pnome1anes fine rrA.ned 

fsAdopar, and crbonaccous twAterinl. 

f(Atnt laminstion is eAsocrrlible in cone olidos oring 

to c slitly dirremnt concentration of cA.ored 

' nonnt in adjaoont layer'. aver r ,in sie is 

about .01 millioter* 

The turfaceous mudeton conlonly on: ists of 05 

to 75 pt:!rcent 74arioclase and 10 to 20 percent quartz. 



 

tilonoltelne, fine mic chlorite , =,,n6 

pyrite .Anor co' t'onents. rain size of of 

tht,- rock is a ,,mut 0.01 milliJieter, but in soqie t: in 

sectfonli conAstini: of detrit. 1 of 

:Lucb 'ts 0.5 inillimeters in ,:rtieter 

;here !esn. 

Limestone and cliert:--Limestone p rtly r:nlaced by 

chert crops out nt (an altitude of 1050 feet on a rld!„-.e 

tit the nort!-. edge of sec. T. 73 N., 4 

body of limestone has an outcrop ‘41.dtl: of qbout 200 

feet on the crown of the rid :e. It is about 25 feet 

thick. V-ii; Is iii ht gry and cont .ins: 

Lithostrotionoid corals and other fossils chArac-

tcristic of tc. iaird. 

bout 50 percent. cr the lirrestonc 1r replaced by 

chert, liglAch forms lwlses, nodulk:s, an .t 

ma5ses. Salle chc,rt layers pr,-311e1 beddln: in the lime-

stone v.hereas others cut qcross the bedirla 

masses of che7't severl feet thick contain irr(vul,zr, 

unreplacod rE,Iinfints of lif4estone and silicified fossils 

identic:a to those in the liliestone. 

Greenston brecc13 in tree 11,7)0r r)rt of the Paird:--

The dark greenish-kray T)orphyritic rock 

and associted breccia th-A crops out alon crAt:A 

side of the (:Cloud Aver area and in secs. and 35, 

T. 34., fit. 4 are here c!Jnsidcred as volc-ric 

'f,eterial in the upper -)art of the 9airo form tion. 



 Ttez.e I-ocks 3pDnrintly overlie raudturte untsAnin, 

foot:ila charaeteritio lie titroti-

:•raf)'*,ically bololk tne cC1.:d lieotonc tkly ire 

separatd In .. o.at 7)1Acs4 l' r();!: 11.7ilecAt:;ne by intru-

tve mafic ypirtz diorite. 

Dill (;r (n00, is map) orrl!irent,ly 

roc'es F43 .q o: the qu-,rtz diorit(. 

intrusiv mass. This in cnnot be pol!,ivcly 

refuted Is certain features their rocks, rot,ibly 

t,-:cir massive chgracter unU tt-1 J.-irked 1.ck of co-Ain-

uity or Lreccin au-.o.5t an intru3ive 

t`.ln extrusive iiodo. of ort- in. On the oer 

the continuity of rook unit V'Irjuh the e.rea as 

a layer of rater uniform thickness, the lnck of cross-

cuttin rcltions to qdjue(;nt rock units, and Vhe local 

lenNo;!, of nyroelqstic-like breccin rilivent an cxtruive 

orluin. 

his creenstone closely res7,:blev ittLt ainfic flows 

of the '„;opley grc:enstonc but oiffom from ti- e 1.Jtter 

it It 1:7 more als!iive in otcrop, contAns few if 

any ta:;I:v&.1.ess and conV, ins f:Aich as 1.f. percent rri-

:nary quartz. In some places the creenstone ,Innears to 

grilde into mail° nyr,,)clastic rock nnd flow breccia and 

in othor rlaces sh y et:, or c ,,Irtz ker7,toplvre tuff are 

intercalated with the gre<ftnst,-)ne. 

Thin sections shout that enidote, 

c111,Drite, gin:: HurIrtz are the &!ief ooru 
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uents of L'71e r.rne Pti t,a 

celftdonitt:, 1cptoc1.31L0, biotitf.), fine.' 

nwpellyit, pyrite, ,f1,1/77.1tite 

are minor constituent. ';rourisr• to-ttur6 r.ne from 

trlchyt1(:! to hypidioornhic 

The plagioclilse forms nhenocrybts rnin. fro 1 

to 10 millimetw's in dia:leter md rorms 1atei in 40-le 

::'rounimasts. In scille 1ices thc fe16spar is 

ail!-1e 'tit in otr slider it Is noorly 

twinned it Attl:-red (An5_10). 

;Lpidote up !.:s :TAW: 30 20 perc.ni,Y tIc 

Frecnstone in soe places. It renlaccs pLwlse 

and for: 11 ex:A.ns an' irreer clots in the 

crounthnass. In soe.iiu enidote is altc,red to 

chlorite, anu the clorite is in turn nitred to lep-

tochloritc. Mao F.reen chlorite is collon in the .round.' 

mass. ..urtz, which forms U to 15 percent of tl.) rock, 

is intc,.retitial to n1!ti7locl.kse laths in the (7rounss 

and in suale llt“es it encloses sevcr.:11 n1,715 -ioclve 

laths noikilitic:Aly. It for 5 to 15 w,rcent of most 

thin locations. 

Fibrous, ..1.,-1-4reon n:rphibole, probably actinolitc, 

wris seen only in slidev andeaine feldsrflr. 

aphibole fors r itInr cluster9, rurr,Junds swe 

pla6ioclase phfinocrysts, and is intfIrstiti- A to plF10,o-

°Irmo laths in tlic rround,tass. 



 

)rvAtion6 of denosition 

fitrAtl,rnhic f.:11titributiDr qnd 

sedimntary clionnt: of •sAr. 

W''at (!ominant daring=' :Ard time 

and again tlurIne Lte TAiird time. netreen wae, 

interval do:.:An tc;:J by scdimenttion. sug— 

rested by the intimate interech:lng of nyrr,)clrtic vJeks, 

t..iffttec:3us stindatont., and mudstxlc:, the 1.Av7,r .prt of 

t1;e fortion wls probably de7)olted in PA sc.&i dotted 

vit vJle.nos or in a sea adjacent Lo 

lnn. :he well sorted tuffftoeous sandst,;nts beds coriposed 

of abraded fadsp,ir , rain: arc cictnij sere— 

ted InyerLi of heavy zinerals indic!Aes thqt the Inter 

in which these sediment Aere denovitcid vy3s probably 

shnllo14. The abun,'3nce or evillov wnte,r marine fossi.4 

includinv oorls in the mudstone and lixieston 

flOTO t!lnt the mithje port of te Third wos depobited 

in wlm, water. the grolm,,itne in the ti7)cr 

art of the formultion moy have b(.er cxtrlded onto dry 

land. 

Age and fa una 

The mudstone and limestone In prt of 

te Third foravAion contin abunint invortebrat fossils. 

The type locilty for the, .1.1.rd is subr-wr,.eC, 

but its fauna was riorted by (1694, n. 5955 

597) and assitmed to the Lower L;nrboniferous. 

https://subr-wr,.eC


urin te nrc--t study fossil collectins were 

mqdc fr)m tO 13c;liti,,:s in V:f. 7airc. c,A)ectL.:n 

is from ltmetstone cart in th , , sec. 3, 

'13 N.., 7'. 4 ,. (ficl no. 1 77g), z::r1c: the otcr iz 

from bs in sec. 14, T. 34 1., 4 ,. -r. J. 21ions 

Uutro and .1sEelen ncan have studied collection 

779 frori sec. 3 (U.77.0.. loelity 14903) in detail. 

.r. tro ex mined b;•aciopod-molluscan p:rt of 

th 3$€lt, are is L,;Incn Inca t bryozoqns 

and cor:le. r. 4AAtro ntntes (writttm counictIon): 

"h1 C1icCtI. cont..ns r' ftun. v is 

ty-icA. or tt!e 12aird foravtlon „ . .The 

fauna includes: 

crtnoid colu:anals 

Orbiculoiden 51r. O. dum,Anensls okolskaja 

Ortotetes 87). 

Iscvra cf. T. puchti, (Littmor) 

Chonet(ts sp. 

Linoproductus ? sp. 

"atncrinclia" of. "C," undata (deernoe) 

.Qtyoclostua or. 2J4, sqabriculoides Paeckelmann 

"ro,.;uctus" if I. "P." keokuk Hail 

chinoconchus arr. nuncVitus (tirtin) 

spirifcr cf. :;4. braerianuts Arty 

4arifer ap. 

Torynifer at. 



;A, • 7. rt...tic*tus ('.'coy) 

1-1Telod'::m arr. . ulncalttis ('coy) 

uff. H v-r-eulliqnus (deKoninok) 

ar'Jl:.!lodon sp. 

,chizodus sp. 

:.v1c11Decter fimbriutus ('}-1111ips) 

v1c,.41ipeten (1111l1s. LlejnC) 

usium 82. 

Irina? sr. 

'.1tLron1teti7 Sn. 

trvarollus Ltranarollus; sp. 

1)o11erophonti !:yAstropod, 

pleurotomftri-n c:trod, e:enus indet, 

euozy#7opletIr1d ::'7,1stro7lod, 6enus indet. 

murohisonis (?) f7astronod, genus indet. 

'ooreoccrs? sp. 

ostr000des, . -enu trldet. 

"A'10 !laird fauna previously has been oonsliiered 

of ',/ertviecin or 1186an age. ,:orle faunal elemcnts In 

tis colloctIn Are o t`in funa from the .rnzf,r 

fortijr, in Idnho ( pirifer c:. torrizi(;r1nrius 

"Productus'' of. . keoi:.uk ili, the exmitid, and cer-

t,qn o tie poloynods). (A,Ler sneci;:s found In te 

unper iyean of centvA. %ussia, upecil'iodly In tlio 

at -C1 (otoshevskiy) horizon. the6c incluue: 
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o4,_013kaja 

cf. I.
*gra ei.•••••••••••••••••••••... 

1.1 S",!.Inerinclla- cf. (dcJr,nce)4.4 • 
4110.10, 

i.chinoccncus .rkinct;tuz; (' rtin)
IMO • 

Acty'oclJstun e‘c.=!)ric,loidel, vAeckelmann" 

br- t;.2eiopods 

found in the but not present In this coll,:ctlon, 

arc, '.1.z7o found in the UTNpor Vis4fin of western uronc, 

uEsiq, !rld loska." 

"The pelecynod assc7.blo,:e iz tyPical of 1r)vier 

Clrboniferous funas described by ''Inds (1396-1205)." 

"There tscus little dm.lbt t!- -4e sh1.3 fauna is,at t1 

of %Asian rwe, rclted to the -rnzer, lasknn, qiä 

'uropean faunas of nf.,t1roximately that 

Concerning tryozon and cor is fro sme locfAl— 

lty 14983) in sec. 3, f. 33 N., P. 4 

(field no. E 779) Mist., LAinc,-1.n reports (1i)52, written 

communic%tion): 

"This collection contnins indications of severl 

tyre; of bry:)zons. ''ry of tho speciawns are so poorly 

preserved, ho%evor, that they Etre not Renorically deter— 

ninatle, sand none of Vt.() Tilterill is identificable (Is 

to Lincoi(:s. penerH 1.1ve been recognized: 

Folynorti, "Thumniscus,"Rini nnbdomesn. 

''teat of t!1( m:nobe toms are crushed and c,innot be tIccur— 

ately placed, they apneHr to be.Ung to the frroup or— 



 

c llod rr,oir,bz.)norolt., .11 cnera 

identiFicd t'rou t,..6 er - lant 

but the pener'll ascJAsle is .-J.t.c.)rif— 

crou r t cr tn bccaui7:e sevral ,7enk:r1c t:;7,cs 

that ul7lot invariably occur in west rn Pk:,m,i(An bryo— 

zJtIn fuunula tire r.ot pretAnli. i he JnecIlLEns I am 

c., 111.ry "Ttamniscs- apnear t3 be vur: like a 

bryoziyn I cc)ilectxd In te Assiesinti.-In (probable 

co,i7.1,nt) or north eenLral bryo— 

oml nilt,,r1.,1 in tls z.)wever, is not 

adequ:t#1 of fr3m 

Tleinsylvrinlan". 

"The friwment of colonil. 002.1 rJ,..:nd In fit$socialec 

limestone is Lit!'oetro'Aon aft. L. p.:ctradi!ile 

("oCoy). Forma vAth or closely 

relste0 to t!As sr,ecies %re wlcely Cistrib,Ited In to 

upper Missic,sippin rocks of restern Nort ,.werlca and 

In Vic upncr (1.incan) of the Jo or , -.Arborlfer.,us 

of other contintnts." 

'I he c111Qction frJ, ele. 14, T. 34 I., . 4 

b,,s not bier extinin, d in (let, but C. 

(1953 oml c.74:ImiceAon) renort6 m fragment ot a 

,-.ntoprocluctid blflc 1:xpod in this materiA.. 91van— 

toproductus is vi for &.•:Tinctrrl:;tic of the fl.Ird 

form ,tion and is indicative of a :1„9siw.slnplian age. 
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c.;luud limctono 

e. - ract, r qnu distribtion 

:e 11-icsto!le 1 te riort pro2Anently 

exnosed forzl.tti .1 in fdle arffa. It coItti 

vainly of 11.1- t ry II cston. tn.it 1.1re clifff; 

alon tote eft z;le O tt c1ou iver 'hastn 

Hevrvoir te -hnst7i Iron mine in see. f?e,, 

T. 4 4 • nort!.enstw6rd to the map boundary. 

It nlso C' :.p out south of the It aver arm in 

34 nnd 35, . .11 • 4 'inc in :Ices. r 3, 

•33 .4 limeston!, for7in 

tt aro t,cnar,AtA frDm elch by mafic intrusive 

rock. (71 1); the fulllest have 3n areal 02tent 

o only o few `'unared uqu%re ft, w!lereas the lnrest 

74ftes undc-rli nrcf; of ab3ut onc- squarc.. ile. 
The -Cloud liTestunc i a potential s.)urce ot lime 

'or cezint (Ind is a host rock fcr. contact .--aetasomatie 
Inet1te deposits. 

rhe first mention or the for;:iNtion not own 

t*e Yc1ou, .nort by Irqsk (1855,!.1 Irnetone wns in a re 

2. 50-.53) who referred to it as the %qrboniferous 

11:aetstone" that for "1171estone 113ng 

frInt Aver. 'faAturEis of tos 

forticm vere !Also describcd by ,Y.eek (1N54, p. 1-1c, 

'nd pls. 1-2), Jlitney (1865, p. 326-327), i!Airbanks 

(1893, p. 3b) nmith (1894, n. 51.0-601,) and Diller 
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(1906, p. 3-4). 4:'airban-Ks (1393, p. 35) fir:A referred 

to t171e unit specifically 'ts !7cCloud lt%cstore and 

sli.oTed its distribution on a !..T, of "lasta 

County. Diller, (1906, n. 3-4) con5Adred thic ':cCloud 

li:Jeston to be of "ennsylvanian (UTrler CarbDniferous) 

age. :ore renertly ana Tho-r'nson, ;•heler, 

and Raz:_fird (1946, n. 21-36) haw, contributed Eyr.t7tatic 

3tudio3 of th fauna of the cCloud liTestone, fspec-

inlly thic shat thc formqtion to be 

of 'ericln 

.!:trati • rq7hic rcltionP rind ticknests 

The -oCloud liqlstone lies rreo:raPhicrYlly in a 

biAt btit7en the ttird form”tion on V'f- Niest rind the 

"°osoni forvAtion and 'ekkqs qnuerAtt, on the e.iste 

Howevr, Nithin the ,Flp argil, tle lialeston- 1 z1 .ott 

everywhrt: sep3ratd from thp e three formgtiors by 

mafic ';urtz diorite. the (7urirtz diorite is intrudi!'d 

pertly elonK q f-ult senaratirw. the 7'clolid from the 

Nosoni and i'ekkas formations and prirtly qlonv t'rle contqct 

betr.een the "oeloud only nlIces *here 

':ccloud is n(Jt in contact with r,,ufirti4 diorite are 

The fauna nne correl,!tion of the 

VcClpud iiiestone of northern Cplifornin; unnublisbed 

theriv, ord Univer5,Ity, n. 1-166. 



in f;Jcaat 11,_rt or Ere. in tf:: ciKrt -11 r rt 

of Tec. in te n rt of !'.(1c. 

. 4 . (A. 1). In tho.* 

n'7C71eCloud 11:71r,r,tx is undtvrlin by o: the 

a ir, for tion, but o%Nln;_ to noor 

abrerce of beci.Arl In t' L, c.yr.7%cti_r o. the 

e:)nt.ct could not 1.)c jetcrined. .true of 

bed: in, in the liulotone in see. and 3, 34 N„ 

4 :. Is ::1-21:cdly discordlnt to trend of 

rqr6 fortlons suFestin tJ7e 

?rc:fi:.nct .or a vcintrusivc, fault bt,Asecn t -te:.=e two 

for.,!tix:s na well as betAcsel Vie '*::;loud and ,:osoni 

forIntl,ms. 

1.eDntolo.-ic evidence nunnorted h;* str!ittraThic 

re,lutionn in unf'tulted Eections exposed outsie the 

Tirea r:at tht .cAold 11 mat :f+ lle;1 in is 

curret strltivin is Poeition betwei..:n the y irci and 

althJurh it is 7robaly selarat-

ed f:~ -.).11 t!,y1' two unittl by pre-intrusive fnults. 

Fotislls 1,-.61.eAo that an intervel irIcluding at least 

all of 7.'nnailvaninn timo so^aratca the ''(1CL uit fr,)al 

the heter uplift ant. evosion of the Dird 

took 7)1:Ace durinc , intervnl is not krown. 

-4:cause the ''oCloud limot;one ire 31Arroundcd by 

intrusive rocks and much broken by feuits tAck-

nes is dirficult to e.9timate. A crosr, section drvin 
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ne,ir the Tiuuth of nortrastwrAml to 

;url :reek !,4,=42e1,.. t'ickni;sr oV 1_-tst 2500 f.2.et 

(x.s!,ly .1AC. 5000 or l*low 

of i,er;LI.:.)u rewited by :.ores 

1.tr:Lirl';t::n of ticknnss of 11 

stone in .1.rge block 11,.)r, Jr 

be otlined by eetalleCI !11,711nfr fuz!lunid horizons 

38 ‘Y.13 don. by Theel,-trj in sevr,,,1 DIcAs south of 

rble (.;reek. If it is fissumed th-t t' r€' is nl reDe-

tition of bt..ds bj fAlltine, the ,incrIr(,nt tif_;xnens of 

t'e 11-enton,.. on ride betw6tm Cr—k 

'ottt.,r ...7*k is sbp,..A 20A feet. .7outl or the ?it 

Aver irm mall%um exposed thickness iz; 'bout 

500 feoto b..zt in V:Is 1oc.11!ty much of Vle upper 

Dart oC te unit has 7rob3t;ly been ovrd by fli;ltini7 

ri.1 rece!lt erosion. 

Litology 

The :H3, ut 9 percent.;1:)ud liestont, convistL; of 

11. 7-cv4 11-4estone end about b percent chert. The 

cLert foms 1.crisc3 ;a%. nodules tdIrou:hout the form,Alon 

but is mort common in lot‘er part. 

hteler, M. 1:,,Z4, op. cit.J 



 

limcstonr formr bds 1-,17inc f*/:n a 

fey inches to about 10 feet thick, Ts t; of the lime-

stne is licht tluish-, nay- to wAlum 1.tly, fine 

r,Ained, and eff:rvscos freel it c31c dilute F01. 

few bl:int untied, dark 41-ay layers re - inc from 

2 to 6 inces th ch, react very weakly wf tt. cold di-

lute rC3. These probubly d:An.Atic lyeru probably 

for lers th:4-, 1 percent tic fortion. 

owe limcstone beCls J.re richly fossiIffrous. 

Jimostoru bods cDntlinl'v ab:kr.:9-,.t fossils are crm-

moray a fractio7. of st-: incil to sever-q. fect 

,fast of the folls are fratacrtalv and ar•• cAnnos.7d 

of fie-:•raln.:(1 flno-rained qurkrtz, or a 

mxtltre of cake, to nnd :Jilrtze depeninfl on the depree 

of ru-)11cent by ta.,rt1'.. (eds .31)undAnt 

llnids coonlj •11v,, a lott,lt),d ap e9r-A.7ce, tht:: rusu-

linlds bein &i,16e. or rtty than 

the riAtrix. or sinAllr mottl(A a-npearance 

in t!it tlopr leirt of t;!t, lime litone betreen 

rarble ':reek !Inc: ''otter Cre0c ansist.5 of ovoid bodies 

of enloite, ranFtn;:, from a. 'oaarter of 7tr i* c'7!. to 

ine'lles in difv;icter. rogardu thce ovoid 

101 1 8Ut; (.16 zAra:a:Atolitils of irJr:-.!nic oricine 

.../.0teelur s ..• .1-.134, op. cit. 
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In soc ner al is quartz diorite 

ii:_estone is co,ar3c1y crystalline or is nl-

tcred to t!ictitf;. !;st 1.1tred phIsez of thE: 

'cA_Jud liestone arc in tHk: Nicinity of 

Thlr.t. iron -iine in sec. 26, T. 34 4 

:ere u small pe'..1 is c.,TneJ by y'r.ite, e:;uii4;-anular 

coarsely ctve.talline 11-,;:stont., !An average 

Er%tin fli2r, of about 6 mni. Rnc 17csf:i1t: are 

destroy .t1thou a fc7: 1.1yers of chart th:lt 

•be conortl,.nt v,ith Vac bddIng 

zr c;14:1crniblc. The rvirtle !15 by sL!Jrn, 

tin. is intrued by dikes 3i' finc-ined 

quartz clarity. 

oriin, cwprises 

about 5 perc2n o: the !,'c!.:21ou 11.1;cutone. It 

occu'r, thrm.tfllutti.c fornItion but 

is most co.rmon in the lower part. The ohert 

for7qs Irrerular lenses us nluch su 2 

feet thick and 100 feet lorw, and trreunr, 

kidnoy-shaped bodies as much as two feet in diu-

metcr. ^xost chert lenscr are ap.,..imetely par-

FAllel to be,Riinc in the limestone but some 
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.?ca tho beddin. Tbc et:1) of 

the es,ort Jurae,es lre commorly vcr; irreol,Ir in et'A‘l. 

In sc::le TIlLxes chert tc; co ice into 

lenes Locnily ohert nredo.:Arqtfo over 

11m,t)rc 4,,roti,;7h a stmticr7bic VAcKnesF of clever:Al 

feet. 

fet kidney-shfoed bo,:!ies of cltrt 

tric. dly b,A-tded renents of list,,,ne 

(fif-. 3.), in loclly, irr-r7ul'ir bodies of chert con-

tin Lilicified fuslinid. The sqme tyre a!' fuffulini6s 

are uneJlicifid in corlious beds of 11:71ez.;tone cross-

cut by the chert. 

A)nditions (3; denosition 

The abund-.ice of colonial corals arA fu:311ini(ls, 

r,hich are known to have fnvored warm, sh!Allow rnt(;r„ 

thist depoFition of tts '!cCloud 1,;(unc; 

took place in it cle'ir, sqllo;, sea, 7.)ovs1li1y 

Nr from .10-,or. The atundfPle ;) foE,.:4171 in !Y.).t,,t p'3.rts 

of the Vorm-tion pcw,yest:1 that t1-..) limcstDnP pr'ob-

ably 11r:vly of blo,-enie or1.2in and t!.!, 

rqture of th rotlt;ils $hf.ms -t leatit prt or te 

limes ::ant, iv derlvd fro calenreouti pond. Me /lb.-

sence of bloherNml and biostromal tAructurf:s tes 

tt it, is not P runt limestone. the nbunc:ance of 

fliellinids shots tM,A: donosition may have taken place 

fl-%r Pr= Is13re bcausc, accord inc" to !''oore find otllors 
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(192, p. 63), studies o fus1.1unL1 t:coLky z;w 

that tese ort!TrIniwas lived ehl(ifly in a cic:. r-v-tor 

3vArinf. k:nvIronmc.nt, fir. sre. 

;,t-e fauna 

Three cpllections or rusiluni(? from the -ct.;1()ud 

limestone taken from thc ride beteen Thrble Creek 

and ``otter L.rcek Icere i:ler.tiCied by Lloyd flenbent 

7nymond aeir flmAn are as 

follows (1952, written cc)minunleatIon): 

Aeld U.:.G.. :tratt:runhic DostE. :auna nnd ace 
no. k;ollection tion (approx.) 

no. 

31 f...,11039 Upper 15-20 feet of :seudofusulinella 

ex?osed 72cClo12d is. nff. P. occiJon-

tlis 

(Thopson 

;ohRvtrinn sp. 

';,Ilifilsulinf? sp. 

Hueco 

28 f-9006 ,bout 1.00 feet Pseudocchricrina 

above at)parent sp. 

base of the Lo- Iye: Pueeo 

Cloud is. 

25a f-9013 'bout 250 feet 17r,:dfina, sp. 

;:etaabove amT)ront sp. 

bnse of 'Ole ,,!c- 7'seuk.!ozichwarinr1 sp. 

Cloud is. 4::e: ueco, poss-
ibly Leonard 
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Two speci_xns o cort.11s one as c n .::nd the 

other n coloniA. cor-I, worei also co11ect.36 !'ro-21 beds 

abuut 250 rcet above the ap7arent bal;c of tt cA.oud 

117,x.stone (fild no. 25a). Helen Duncan rc7Jrts on 

Vleso Is fo1lows(1951 and 1956, wr!ttcn counications): 

"The fracmentary horn corl was tJund to be a oils-

ieeous mold in w trceer tc spta are nre--

scrved. s inforaation on critlefil structures is not 

obtAnable, ennot Uc .gout 

one slj is tit tht ::oral Arier:Irs to have 

c%rdinal fowila anti 13 thcrefore a iLaeozoic rorm. 

"-inute fracturin:- recrytollizatlon have 

obscured ane. obliterated Aagrostic int{TrIA .csflracters 

of the cclonial aorta. The specin is probAbly one 

of the forms that hqvo blurt referrc:1 to ,:aaononyllum. 

t present, five -encra nre di3tluisl:ed in the Troup 

of cornls forT.erlj includd in ;.aa,:enopilyllu:,:4 

foturvitclys ch4racters needed to dt:terine 1.0A.oh 

genus is re"resented am not preserved In nitered 

snoeimen. !.'esk described (under nwne Litostrotion) 

some opecis from the V.tCloud 11:netone ore 'ate loved 

to be "waavenophyllids", and corals of this tne are 

fairly widely distributed in rocks of Perralln Igo 

in the nacific Coast roi7ion*" 

On the bnsin faunal lata it sces 

probable thzit ont of t!,e •()Cloud licstone 1s of 
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7ueco ( olfcp) cA) lnomalous F—n13 

collection y Lo 1,cLxc3rd. 

otrf:1 (1246, p♦ tre 

lower prt of te ,e,loud liof:tone as olfcap in 

ac, V: development of r.,rtin 

PamIlinids stronly suvce5ts a Leonard %ge for tle 

unper part of Vic for7lati(-)n. 

:osoni formation 

cl.lractor and Llistritution 

::osoni formation, the next strati=:rahic unit 

thc contr; of mu4:;tone 

and lino cr.Ained tuff aceous rocks. It Ins two :_re!.s 

of outcrop. One area extt;nc:s t'2e , orttuent phrt 

of ."tic. 25, T. 34 n„ 4 v„ northunrd to te 

centr,1 pHrt of sec. 24, T. 34 N., 4 4.. (p1 1). 

ot,er extendn fraa the northwest part of .,Jec. 13, 

T. 34 N., Tle 3 Tit. norteastmArd to the edge the map. 

:18,,where Vie "flosoni I :.iissinc, due in part to fault-

inn and poc3lbly in part to an erosional u',.eonfora:Ity 

at the top of t`le Nosoni. 

The Eosoni formntion was named by Lliller (1906, p. 4) 

Vra7u o,4potiure Nosoni:bock about bix fallos north 

of the ,7n.asta map area. .f; eefined 1):: Diller the 

Nosoni 17cludfA all thc zedinaentnry and volcaanic rocks 

tict,4een the top of the "tA.oud limestone and the top 



of the hod cotainiri;:„ nscils of :711cozoic 

a'.e. The Lekltas ov,,rlies the -oeni 

wati Aller to tic: of .:ria*oic 

4,o. prcent lowevcr, t%:,t 

bctwcon :orne Than !bunt!:An (pl 1) lrist!a 

of tliffaccous rock contfxtr. gin . 1oozo1c on311zi inter— 

fin6er l: v; and pyroeltic nlek* that rtre (Inr— 

acterictic of tc 1:ekkas 3n,esite. :-oreover, the 

tonsil-bearing' itInsos of tuffacoolus rock are at diff— 

ercnt stratii7revoAc poeltions co t-11;:t they cannot be 

uscd ris rormtion boundrAry. '',Ihorefore, In t' is re-

71(rt t oontnct botwoon 70coni rind :c.ckris it; drlwn 

severn1 *:lundrud fuet strutilcllly below the 

hit heat fosnil—bearinE ions, at a hurizon there pre— 

dominantly fine trained tuffacoous sc:dimentary rooks 

are ovorluin by enerilly coarsr cr3ined pyroclastic 

rock:, and zvAfic llvn such as c71sructerize the Dokkas 

andesite. thus dell:;litud the . :osoni formation 

consistc muinly of mudstone and Vino :rained tuffs.* 

000113 rock but. Includes uome coarse pyroc13tic rock 

an,1 1•vs. 

Stratirmphic relations am] t!',1okneso 

AALin tho ci71 urea the osoni format ion am: the 

VoCloud ltaostunc ;Aro everyWherc ooparated by intrusive 

rook .arid by a pre—intrusive fault (pl 3) no that the 

strntigra2hic PThions between the two units nro 



ob3cre. Vle !_osoni foration seceodt; t7tf! 7fc-

:;lod iicstne in t,.(! .itrrAti'runhic cltvfin is .nown 

from paleontola•ic d:Itm fro' relntions 

ten by ;lielcrj outside the :-I!:17 were t'::e two 

units are in ootnot. 

The :;osoni is probbl; selrated from Vle 

by a ,;icec)no:'Aty as in rucestd Ly: (1) the absence 

of fossils of e:trly Lion .rd .1,7e in racks above the 

-0;;1.)ud lftestone; (2) tc.; observtIon of illoelerni 

sout%trd fron of ter Greek successively loror 

str%tn are ab:. ent frm cAoud limestone, 

nortImnrd tiltin'2, and erosion of 4.1e 

limentone before deposition of the .rosoni, and (3) he 

tin: in of Ilecicrj VInt: 

c.x.yloalcv,to of tl-A3 Nosoni forwition rest-

lag on the VcCloud limtlstonc, and containin bo;uldero 

and pebbles 7)1* trIc :c;,;louci is oxpoced . in nn old 

mrwnctite nrospot in t,:te sec. 22, T. 33 
4 ;." This locLaiti icy about four miles smut:: o1 the 

.Ast .5hust4i area. 

laaximum nintBss the Nosoni forraf;tin on 

VI(.. ridge betwoen .7arble .;reA and otter 4rae'6, in 

secs. 24 and 25, T. 3' fl., 11, 4 W., is about fet. 

Trowcvor, on the ne:arthwest flnnk of the riJp:c betwoon 

Eorno ,7'ountain rind Town :!ountain the t,lioknesn, assuminc 

-:1,oeler, U. 1=4, op. cit., l'X7-4J 
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an avore noutcst L1T-) or 30 docrces ,Ind no rencti-

tton of bf:de faultinc, is (.;,tialltad to to abut 

C000 feet, 

Littology am; ,thqro,:rphy 

The 7wincipal lit'2ola lc crponr:ntr, of tlie 

form3ticm aud&tone, tuffaceous :ladr3tone, tuffuccous 

sfIndstono, and tuft. T;:e unit alz-::o includes mior 

con -L)-crate, mafic lavn„ and antic tuff breccia. 

vlrioun rock types .41..e z4o irttmatoly interbedded 

and in nost places aru so poorly expoecd th;at they 

could not he delineated on the map. 

:rudotone and tuffaceous, mudstone:-..-bout half of the 

Nosoni formtion is mudetone and tuffticcous midstone• 

In most pInces theAe rock; are intitely- interbothled 

with each other nmi with tuffaceous sIndstDne and tuff. 

!'any bode o: Imdrtone qn(: LIItton(! 

AiAliniu5 am : on in 

where,ls br'.ctlopods, bryozoa, otr twills are 

com:-,n in other Ued3. rarcly are prevent 

in the SA MC bed with other ki(:;ti of fossilise 

Thin sections shov. tent quart 2.., eilorito, and 

fine-graincA whitc r11.10 are the chief AncrA. co:r,pon-

onto of the mudatonc and thnt 

calcite, quartz, and :iinor aphene Are the orlt co-:;'ion 

mineral components of the mudntone tiv,t nlaAo-

cln5c, chlorltc:, cicite, quartz, and llor sDllene 



 

arc the 7:4ott com.:ion 1n ti eo7nt1tuent: 

°cow nut..:no. The plAgioel.. is :Indevine or lbra-; 

6o:.ite in p7krt rcliced by -.11Ato. Cpalcito 

is prent rE171/acet u. oY.r incr:184) 

l'uff an tucffcpou.s 2nt tn iurf Gnd tuffnaeous 

sandston mflkc up about 40 to 45 percent of tIle nmoni 

formittion. These rocks 1..ince from olive rrly to 7reen... 

isb-blrAck, are poorly bedded, and in :lort plccs could 

not be Li:itinraished from en(ft, otber in th field. 

.8 &.ovin b; t!:in section, the tuffs f3rc conr:;,)nly com-

fd 1.1r-oly olsts !Ind k- toph:.:r( 

in a rLatrix of claoritc. 

of mudstanf) and chert, and lcucoxone, etlidotv, rine 

rraincd ite Aca, oL:y mincrls, lioniLe„ nnd ol-
Cite ere .inor conomont4i. Albite is Vie tut comnon 

fcleisp'kr but nn:'.csin,5 ;tic 1M)radorito :lecn in a 

few slides. The tflcoo•als sandstme, In Vlin section, 

convists of plagioclase clasts, quurtz 

meats of volc,Inic rocks, am! irregullr :.;nsser of cl1.. 

cite, in itrix ov e'llorite. The r1Acioclesse and 

uart darts gcnerlly rare sll:htly abraded. The 

abrasion of ff:1(;spnr cysts and the Fener. 13y better 

develont of boddirw arcs the 7l1n eritv,ria by wich 

tuffnot:!ous stindston wns diotinpished fry tuff'. 

!efic invn and tuff preccias.....Dark Frcnish-(-rny por 

nhyritic lava and mafic tuff brece19 make up about 

5 percent of tho !osonl formation. Corri::.-tonl-y the lava 



is massive or sliFhtly brecciqted contqins pl!:47,10-

cLse nerocryts 1. to Ltz in dirimeter in an ta.7,hani-

tic ;-.t-Irld:rs. It Is vimIlaT in h,Jnd ..inx- cimt'n and 

in t -̀ in sec ti ta n to tl,e :-Ito' lyre or the olq.ey 

:.reenstone, the :ftird for:A,:.tIon, and the 12ckkrAs .inde-

t;itc. The tuff breccia is co::.posed of ;'.T.nmerts of 

kemtonhyre uluc Its 10 inc :•.s In diamf:ter in 

tlIffRceous 14trix. 

Conf:loerate:--A bed of c:Irlomerte abot 5 

V irs cJn:,..i:;tini' of' round€:d to anAlr,r pebbles -nd 

niliceous 7:tidElt3ne 1r a tuffaccous wad:1ton° 

ay.triA, it; ex7103e6 at th ./13ncirent b-Ate of the 

f;)rl.:mtiJn on the (11vIdc betrecn :,reed:: qnd otter 

.;1-lethcr Gras cDnA.Jmorate is actuA.ly :it the 

bsc. () the fw-aritic)n is not ic7,own because tl:e. c:Jr1!7lom-

(. rqte is selnrqtd froln the :'cf,:loud ltnestone by ;bout 

11) feet of intrusive rocs:. ?:.one of the fraptv:nt In 

cunlonlerqte aT,.ner to 117.:ve Len df:rlvd from the 

7cCloud 11,31eutone. Thwever, vlieelex:Thund bsIsfAl con-

vlo7rtn o the `loroni roT7Iltion restin• on tho 

Cloud limestone and contninin,7 boullers tnt pctles 

of the 11:nestonc in eeveml pnees eouth of .eftt 

1-!asta man area. 

on. cit., 1T:74 
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Conitionz, (lenosition 

The intt- rbcd: or volcnic rf)cl‘s with mudstone 

llor water ::,.ring. fossils In;;Jc,ter, tt 

osoni W93; cirqcterized by intittent volo--lsm 

and tnt .;etween cnisot.ies or n-is 

lived in :3'. 1 1.2, :tt.r3 in tLe gencrl ro ion ot' 

v.)lc%nocE. perlocni r;uieEcence 7yrcclastic 

m.itcri%1 that 4.!,1; ff1116n on 1 i uts cmicd 'And redo.-

riusited in ne rby ses tuff%ceouE Lind 

tu:facQJuL ac abundance of fusullnids 

br,Ic'.1opo, i . etzi c. it the :';osoni.1s oz) 

sc.s u--re probly 

i',ge and fauna 

T!ossils were collected from thc forar,tion 

at t%..o locrilities. Field loclity 58 is in sec. 24, 

T. 34 t:., n. 4 on the ride betTeen Yrq.stle creek 

and -otter 2;.ree, 200 feet above the annarent butg;e of 

tho rosoni forration. locality :53 is in VIv Fltme 

section, o') sane ride, 5D0 fet lbove 1!,n-.nnt 

bsle o, thL formation. 

‘fratsr. L. 04 Nenbest and C. L'oupnss (19f.:2 

anti 1D53, written col.unication) renort th.it fusulinids 

in the collection toAken from luclity 58 (U.L'.. 

7,urvey no. f-11010) include: 

"?Pamfusulina cA.ifornica 



j)!IrafusulimA oos...non3is IhoTiswl 

jcv:ru--crin& sp. 

Par%fusulin sn. tyro, prolbly 

1Qqz.t es lute: uz u7.),)(1r Lconc,rd, TlossIbly :.ord 

are." 

rtgerd to other Cob:311s in tt't.: collection 

from l'.)culity 58, .1.7106 t.ele (1nJ, written 

co.a:.unic,:tion) reports: 

"The collection oonliistE, -7,stly of .1/4:1ds of in-

co-,plott v:lves of bruc'ionots. .etallcd feu-

turfs to ornsf!;ent tion are pre%crved on fc-.% of 

'rem. HAI :ids *crc stucled rabb-r 

frm tJe ' fey n t.111-.11 c,,sts are nre:ent." 

"Tent.i.tively identified from the llolds 11,:r= P 

'unctosrirtfcr that la close to if not ldenticl vtlth 

7)1.11.chr (' "uek), tv.o undeined snecics of spirt-

ferinold sells, a '71.1stedia?, a Chonetes?, a piece 

of shell thlt resembles ti ri.eospirifer, and u Leior-

hynchus-like shell (possibly the same ur the LIA.or-

hynchoid tl collection D frau the Dekkae ,Lndesite), 

8nd '1 lroductolA shell. Vhere are also i'ldeter, 11- te 

fenestrate bryozocins and a frnrment of a gastro7o 

sell." 

"I believe tt,t this collectl:m 1:3 or 7'e:mi'in ace, 

noscibly of nrly if ncit r)recis(dy the t:Oir.;0 :we as 

thc forr..tion. I would be inclined to• 
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it to t;Le1c C1V irt oi tho 'P,osoni forma-

tiJn." 

(;oncernini: t7-J, ;r:(3..:o.ls in tht cLllectir.)n 

locllity 58, -1.J:3 :161e!1, -uncn (1953 vcrit,t(:n c..-.1. uni-

cti:Jn) reports: 

"This collection ex:AbitF, a ,.r.et iny indic-tIons 

zf briozofins, but fis th foi3sil8 are preserwl6 .:11aost 

excluclvly ati or 1.T1pro1on3, the, bryocan 

com7onent 17 unidentifiqble. enestr,Jte, rlmose, 

and biftli,itc zo.:trift .ir(J vr.ry fey; fcnes-

trite sneci-,(Fn sv,o, enu,.L structure to 1t1i lob 

the pr:nr :'olynor,,, and i'cnr?stella. The rarnose And 

bicoll tc Corms rIrc indeterininqtc. • bout 

'.111 that cn s!!fcly s.aic:. about bryozufin 

bl:cc 1. t.!* t it is in:icative of leozoio (Ire. It 

13 hoped tYA'A beter ”reserved bryo7c1 from the No-

tioni may evfintually be found ls the rter1l examined 

awcebts th t 1.() ra:aose 4nd bifoliate forms in par... 

ticiA/Ir :1, ht nrovide us1'u.1 1.7.sortion for correla-

tion or the etern Permian." 

Concernin:- collection, from loclity 33, which is 

about 300 foet strAirahienlly nbovtt locqlity 58, 

James teele AJliams (1953, vritten co; 

sty:tes: 

"It consintx mainly of remttins cC brachiorojs but 

a fey' irdoter:AmAte Nay be of pelecypo,-13. 



of the forts even • to .rus. 

:oted lore rl lroductoid sell t-;t .y rinrcs a 

lino-pro,:uctid, an indc:ter,inat, A.fcrinoid ;*Jr!:., 

an6 smoot:- or- H, -Nen-.i forms ttat o nut ret in 

t:ttion, v"ich :ielasale or n'lricooyri6 

abovu IThms 6..fficiwlt to 1r icHt.: 

a Carboniferous or t:-;r1-:ti ric but are not E..iuffict,rt 

fur any closer ovo cterfinetion. '11E-rc wJulkLi b no 

conflict to its nssicmr,vnt to :.osoni." 

:JekVas Pinclesite 

-neral e,-r!cter and di:,tribution 

rhe Dekkqs co.-.:Aetn c ifly of 11-fic 

fr13 flows an nyrJoLlstic rocks but ir!cludes 

beds of :rudstone Qfl turfaceous sondstore. The for:nfi-

tior wal7 n.lmed by Diller (12061 n. 7) from exnosures 

on ,:rveX about tnrce 1.1cs nort' of tThe 'resent 

aren. 

;itLin thc ziap !Iron t!le Dekkas andesite is promin-

ently ev:lose6 in a bolt as much au tro miles wide 

extr,indin47 from t) , icinity of ,cove redi in the suth-

ern pert of the northe%stw1-6 lorse oun-

tain and Torn ountnin (pi 1). ':.afie volwinic r icks 

corrclted with the (Atk,ls alno cron out in 

tbt, O. .ntielines in prt or 

the 11117) Ares.. :.ltope t << r, ,Irlesite is 
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formutions, as clefinuci c:A116 nod, Jned 

th:rin-.7 the nrccLit co,tict iv 

1-1(re drnwn ,t thE, lov.cr ? '..it of tJ1.:: lava 

cortrsf: ny.:. . cn1,11,10 rock. th't cr,7ct te 

rinesite. rlenel.th this v.A.enic roes in 

7)11ces is do:Onantly 

and mudr,tone tinievl o" t'-,e Yon, inter-

bedded Ti!.h a 'A77or flount of 1,:va cr!ie 75Trocls-

tic rook. 

The abse,ce o!' the :osoil foralJticir between te 

'pkkls ,Indesite ano t! !e lirlestone sJut'Aet 

7)!: or ount-An and in sec. 35 s.lutt of ttc Pit fiver 

(')1.1) probcbly results m%inly from fl pre-intru-

siv fault alonr thG e,Ist si:=Je of tH- ..cloud lime-

stone (nls.1 tine 1!) ',ays in pi!rt be (.f.tle to ero-

sional unconfority between V-1. :osoni formtlon 

the .,frAs andesi te. thickneDb of the "A:kkas 

arlesitc, ::Icasured in croL6 !ection, rnn!tet. fr%,71 

/Mout 1000 feet to 3500 feet. 

Li t'' and ,:tropr.,nhy 

Dark rrerish gr;iy to olive Fry kcratophyre nd 

snilite 1 ,T.1 containinc rse nlar7locilQst, pnoerysts 

is the &lief constituent of the ::ekkils 

"uc, 01" t ' 111v3 lo frapmertl or blocky. intcrcR141ted 

Tith tc-, lava arc F:';-.. eta of mnfic nyrocllstic rocks, 
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:dudstom, nn:;. a few small lr:nse!:,- or r)Dr-

r)hiriLic keratophyre. Intrusive sri? it is 

rock Aith the Lckas andcl';ite cr.:1ns out 

in tla, novt6t nart of sec. -.x 34 3 

hci v31cnic chracter of the .cL.,:as iinde6ite 

is .ra‘Illy recd: nixed in most niacos becauc origin-

al texturc6 cLructure6 Mve not uocn ecatroyLd 

by ,16- in the ex-for:4cition unx. %let, , rphism. 

treme soutl-.tasLern part of ttle Jilp, %here a 1,,eak 

folistIn is ureent, is thc orli71nra char9.cter of 

rQck ascure. 

i-cmtophyre sltlite:--Thin sections and chemicql 

urvilyses 4CrA:: lava c3nstltutinc most of the 

1A.,k?.as :J.le;:itc, is ciefly is.eratophyre, subordinate 

amount iu upilitG. These tvo petro,:-.mnhic types could 

not be dil'fLrentiated in thc f ie1G and c'in be distin-

t. froni wish other only with difficulty in thin 

:action. 

The s- ilit63 !Ire earn gre,Alish-cry, aphanItic 

rocks eont,ini!-, phenocrysts vJth an tIverace 

di,!metcr or aLout 2 mm anc slYIrse anwdules as much 

as b in (11::_,LtEr. o the snilite is frag 

mental. Thin section s)lov. that the snilites consist 

core my of 40 to tU percent Ab1t6 in the form of 

phenocrysts to 40 norcont chlorite, 

which is mainly Intxrstitial to the 'iltitce, ?Inc; mir-
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netite, s7henc, 1,11eoxc-;-e, efAxite, fint; E.rained • 'Ate 

rid evAL:ote. Coly 1b1 teT)hc..oerysts 

oontoin abunthtnt ineU5i1;y1s or CUprite. 

of silit#,3 cont?in 1.. to 0 perecnt 

cor vieron i.enocrysts .5 !rim in diameter. 

The text,irr2. if; eol.i;o-ly norri'_ie; in 20.. 711,,tees 

it is ,lo ,lropor7Thyrttic (fit . 4). Me -rcass 

texture ir soe s7,ecimers I -ilotaxitio (fig. 5). 

In other aoceim._.ns it Is intf:rsortal. 

analy3is of .L apilite i i.,iven in 

trAble 1, anu t!- ! !inlysis of an avc,re iiite, •s 

el'117,uted (1930, p• is ,iven for cnri 

son. l'hr; f1y6:d spilitr ewlYlins no modR1 auOte. 

Ihc kerntophyres, like thL srilites, irk 

poryritic, cli htly amyednloidl rocks 

ti!r!t are co_i.only :flocky or frli7:aentl. he icro-

soopc !?ho,!la thot t!-:e keratopL;res c3ntqin te) sfvte 

.ninerls as splitter but t.le nroportion of albite, 

t' e c i 1ef miner 1, to maflo costituentr, is 1.;rcater. 

m)kes un 50 to 65 7.)ereert 1-(-- ratophyres 

but wqy 40 to 50 percert of the i:711ite:;. Typionlly, 

the lbite forms phenoerymts as mucl, 55 4 m-n in diameter 

and :!icrolites in a pilotfaxitic or Intcrsertl Fround-

wIrs. Chlorite, alene,1,xen, magnetite, cilcite, 

epidovie, fitio grained w ' 1t T103 are ot!-*r co:nrion 

minerrAls in the 1,-.rntophyrts. The eLlorite is 
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ac 1 

•!•Ifalyt,cs oF L‘rto7'.yn-t; 

10 17.6 

7e203 3.1 

reo 5.8 

6.4 

Ca0 2.0 

T:a„0 6.2 

X20 0.15 

n ,o- 7:ot detertried 

• - 4 411• ot deJtor inod 

T10 0.64 

002 1.64 

p20 , 0.16 

!r10 0.1C 
••••••••••••••••••••••••• 

Total 97.V3 

51.2 

2.84 

9.20 

4.55 

6•L19 

4.:13 

0.75 

'ot detcr-
sined 

1.08 

3.32 

0.94 
sl 4 • ) Cs) 

0.25 

1j0.72 

T'ulk dinnity P.60 : ot d(ter.lin-
ed 

Powder density 2.72 :ot 
ed 

*-nalysed by rapid methods 

4 

(ct: c.c) 6C.05 

14.90 13.29 

C.25 3.2 

1.55 5.07 

1.10 1.36 

0.54 0.50 

4.65 6.67 

1.97 0.07 

0.39 0.96 

1.88 

0.47 0.40 

0.00 

0.1C 0,09 

0 • n" 

988 100.45 

2.65 detormined 

dc-flot detemined 
terined 



intorstit1-1. to nlbitc _c olltes; locnlly it ri7,-.1ces 

nhenocrysts. Ancr-ls, one or 111 

7.a be brent in HIA- 71 n (Inca:sin of . 

kerato7)hyre fro,1 tec :'orae ount!-iin 

trail in t;ec. 20, S4 3 is in tibia 

1, tc analysis of n kerf-Aon':-,yre fra, CornwrIll 

(::e 4y an Flett, 1A.1) 11; -iven pari3on. 

tMn section of this; kt.rtonhyre c,)ritine n53;it 10 

percent secon6!kry quartz az: 7.,icrosconic wirlets and 

irregullr ned mnsecs. 

;<^ rJeks lic,te In table 1Loctitions of r: , 1;; s(-

1. 'nflite fro u:T.c -ortor, soutlx9st of 

.;reek, 1,,sta County, Cnlifornia. 

andesite).47ry Jor..enh Dowd, 

and ine :,m-eoloricn1 ,urvey, 

anqlysts. 

Nerare aecord1ni7. to `Aindius, col. 

7ap., vol. 67, P. 9, 1230. 

3.KoratophyrIc 1-vn fro•. exposures near 'orse 'oun-

tain trail in sec. 20, T. 34 N., 3 :~masts 

County, California. 'Tarry , 1Vman, S. Oeoloci-

eal an- Ayst. 

4.Zeratophyro, Trovenc-. _;ortIltn11, (:No. 11, p. 200, 

1;owey and ?lett, 1211). W. annljst. 



AwdA.cs Marc. nrc,-, in 'ot O t.c1 s-ilitcs 

Iccrtolyrcs. In 1 rcr place; f.lbuldant 'And 

cunnicuous but in ,ost pllecs tLcy rn,Irse and 

erratic .11y 61trit,uted, In P:,'nerl 11-.T:6-les ore ..ore 

cv-nor, in the kcratophyrct. 

The Amyrdlcs runco fraction of a :A_111— 

ractcr to ::.:oro thrin 1.ch in Tl!Axir.iu dilmeter; 

let5n than five A1117:eters in - n.axium diameter ail) ::of.A 

co..,21on. `,1145 shape of te n .ycd. rpInces from sphcri— 

cLil to prolate; the f":7.'Iller a4vcdules in cenr:11 

nrly s7- rict-11, whereas larcer onev have rltlos of 

ltIwth to width as • .re-_t as tcn to cy!o. 

Chlorite is tl-x moFt ninern1 in tIA. FI-7c— 

dulcs but gartz„ pumpcllyitc, barite, 

cela(?cnite -!re 1 o 7)re::.ent. -jo2:1mo.;ly tto, or 

even t'ire ocrur it sf:7)rnte lycrv, of a 

sinclo m4dule. Tynic 1 co-J)in.:tions of V11; sort 

1nclue4e: 1) .2lAt crynt- Js orionted normal to and lin... 

inr thrt w 1 I of amy(dles whosu centr-,l p..rt is rillod 

clorit(4 2) qi.vtrtz lininFs '0.1t!. chlorite in the 

centoro; 3) cloritc linirrs wit an intc,mcdi. lte lnyor 

of n difer(t typo of chlorite, and pu-.71ellyite in 

te! ctr; 4) :fill.Irt:!; li.niry Ait c 'cite in the center; 

and 5) chloAte with coladonite in the center. 

:..evor',1 of the abovo co- Lbinations 9re present in se 

sliaes. sugotition of i)t)siblo feeders to the wrly 

dules was fond onc thin secti.ln. In tbis section 
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veinl lined tit iTu.rtz, ell-

'.:Ate in tt,c ccntor 0 vc!nlct, join a. y;.!ta f!lled 

enlcite. 

Irktrisivc bodL! of intruvive i1ic rock 

1 novultly Tplrt of to Dt:kkus 

in te urtc.t pfIrt sec. 9, T. 7:4 3 

near thc sur. .1t of ':orn 'ountriin. It underlies an..:: - 1 

irrocl,)r .:ren W.' about 100 aore.'. 211nt the nass is 

of intrusive ori(:in is shorn by its loc/Illy well-

dcvelorc.d ritmatio column's oriented nornql to ii stcon 

unrqulted contnot wits. ,ritly din-An,7 :iudstone. lso, 

a few angular frql.-mertt, of - udstont• rirc enclosed in 

th intrusive rock nc-r its border. 

In ham'. frleci.AJI t'tki sAlito is d'rk olive-crly, 

very finely -rinulnr, and nonnorphyrItio. It contains 

a ficW , rewnimh-Ulack chlorite rmygdulcs. tin zmcs. 

tion sown tlt lth-likc oryntls of -Inites h,-;vinc 

an avorace len t of 0.5 millt.letere, mnke up nnT)roxl. 

fr.,, Aely 50 percent of tht, rock. Other cas,poncnt:3 

fre8h auf:1 p16 :ollowish..green o!dorite, snonc, 

leucoxonos and pu!.inell;tte. The albite leths zimi. t 

fluidal arrancent, thus t u reek 

trachitio texture, rhic iks un abGlt 20 

nercont of thc, rock, is nearly colorlers and occum so 

aticrophenocryst ul to 0.5 :a:a I! .,nximu dimension and 

ttlall irqinv averficiv 0.1 ';:i27, in diater. D. e 



cryst!..:1; wru tinned. 1i 07t1c Ic 13 rAbut 55 

durre. Lhc uite is rerkriLl; fre: s-qtc of 

tti c1t)1; !sroci,%tion 1 cloitc mn .•;13,11:1; 

twinned nlbite. 

'uFite rilso ce.47,-f; %s un,A.terod to -)artly altyrc:d 

-,icropenocr:stv, in sufF flows of thc i'ickkao t. 

'ofq notable iv it: occurence in a srilite flo.Y 1*,,t 

directly ov -:.1.1 te promin.2nt mudstonc lver cx— 

tcrdin . botwen orso. ount i I or'fourtlin. 

snilito flot 1z cut '.)y the intrw.ive 11Itc evcrlbed 

above. The cl, .Ito—bear—.;se 31,vtial rclltion of thu :11.1F 

In. intrliivf:! s7411te 1than auc...teqrinE spilito 

flov of crieral o'•tracter sue:,:wts thFlt 4„e 

by 7.7.1y mark tc 7c:nt tram car the 

flow. 

Me chlorite i t-le intrusive *lilit in n:i.e 

yolloish—creon. It 21111; mlycdulcs, is a L,iain corm it... 

uont of V- e r7roundmass, and occurs as a replactemint of 

albite. In t!le trlycdules it fore rosette2 that show 

a deep anonlous Llue intrference color under crossed 

nicols. Its optic in I. n-r.ative tto can 

refrtictl.ve index is 1oc05, 

ly)henc. A.th its sltQration product leucoxenc, 

occw's ls olondy patches T.16 corstituten a!'.3out two 

°Iercvnt uC rook. uei3.yite locally lines ay 

dules. 

Avartz kcratophyre:-....uqrtz kr,r1tonhyre corrolnted 
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with te 3,ekks nn.J.(18itc cr:J7s out to extree 

oc,:lstern prt of in :rev. oter 

stniLlr an 

to tIm Ictop?vres :ill ryo-

lite, YiLlo' lverlies the riekkris tuvlenito, :11,zerto 

an in 'llost places enclosed by to !-T- fic I Ni:3 (3'2 

lnde,site. ;he rock is denr'e, olliceouo, and 

dfArk-:vVe It oont,tinc feldspelr nh(T3cry5t3 ls much 

at 4 rm acrc)ss, Ind sTY, rse, rJun6cd -:unrtz nhenocrists, 

thin secti0n2 ts:7 thA, !;lbitc, ori1r. subhedrill 

n.-Icnocryzts r Lro11te, un about 70 percent 

of the art2. Ittrato7hyres. .u!Irtz, A1.31 l corr3ded 

phenocrystr., rams abo,A, percent, WAorite 77.ker, up 

10 to 1 pc,recnt. Yinc-crined cnIcitc, 

loucoene, rtnc mwsnetite !usc present in 

some section!). The p4.:r1Thyritic , I.A!Artz 1.:,.ratoyres 

have a felt:" criurits414, 

!;yToclastic roas:--1)yrocl'Istic 

volonnic brecci, tuff brecc1,1, anJ tuff, L,Nke up about 

O percent or the Dekko andesite. Thene rocks are 

prorient us 1in+.,71(111-r Ladies in all pfArts of t:lo forma1.. 

tion but arc zo3t CO:n , on in t!-411 upper part. 

Volcnnic brecela c.:ope out prominently on thv south 

slopoo of Parse V:ountnin and Ton n3untn1n, an.1 

ly in tho axtreme souteasterrl pert of the map area. 

breocin generIlly con[4ists of framentr of vrious 



C 

; of 1:fmtoyru 

n1.1cen frnenents o.: (7mritie rc..cks iftc.)-

-,hyre are prcf.A!-7t in a suborc:intc tufface,1:us mntrix. 

';'!;c; 2.fiF7u1ert co .orgy 1172 qvcr . e 

in :rixt,am dic7;slon. .17(.tre l7_to-

10, 10 tyncss cont:Aincd as frno:;::;ent, •-.otrix of 

t!AT niter thn lava breocla 

1.1ock- The l'.)lcnic 1.3reecis cra, 

telxtunA t:'7!- , s.A.11te. In ;3o:le 

j 1tVr s. .!e into 

tuff brecclas. 

The tt.lf of VJ, , _ndtzltc rntes from fine 

silty tuff to 1an1i11 tuff. I
4.Q hedr 

to 130 fcct VIck. T%e 

letis than 103 fect nlorw aLrl'ek but so;:e of the tdAckor 

beds p:rsit for severttl t,Lsnd foot. Me fine,-

r,tained tuff is commonly' dark crny or Mirk. Tronlvel. 

.rlay 'Inc' clonely resembles nudrtono in outoron, 

in eo-lc tuff layers bcddin, is shour by sli,'ht c)lor 

differoncen, or by differences in Fraln t:ut 

beddinf.. structure is al)ont. 71-:e 

nttle of t. 1:;er to Lleficd by Its cont&cts 

cncl:Alinc rocks. T},in beds or fine tur are 

exoi.ed in V-A,) upper prArt of :fac,;Inn (4tlel nr1( near the 

u7er portion of !:orton Gulch In the soutlloattern 

prt of the nrt. on the touth slopes of Thrn 

-ountain (me. Torsc ountain. In most nincex 

;ri7ined tLtfs I.torboddcd coarser pyroeltic 

**100.. 



rocks. j k.rwns cron out in 

betvic,E-.urge "ount, - iin nbun-.lin tangy.' co.int,An cont-

drint lnd ot'.er invertobrtc 

l!tidstoray, :.id:.tonc I l'It-rbedded 

,vith tls.e v,31cernio rocks o: t' e 1-, -.]eril,(.! on 

uppr slopes of 'ors° 7 bunt!lin nn- ''orn 

nost oontinuous ::ndstone bed %.8 trt:ccl Cr') 

,mest nit;© of !orso . ountlin nortIlenntward to to top 

Of orn -ountair, n dist-nco of about 3' 7:11.18 (n1.1). 

111(1!3ttine 13 ollvc-blrle on frost: rfaco but 14enthers 

to brownish-:r !.c. It has a flint c2lor 

ti,:!n in SQ-.0 nlnooF3. It cl.TrIonl:y 7)arts alon.- 11.nos 

spaced 8 to 1:: inchrm ,.17art. Thin sections svE.- tl:at 

•Acrocrystr.111nc f2.11.rtz, clrly minor as, c'nlorite, 

biotit, feldspar , o'Jef minerAls. Mc..ire 

aver": 'e • si, r. is *about .05 mm but sprsc •-rins 

of -1a0oclse, riurtz. mAi:neLito !Arc ne 

0.1 MN in c iii tor. 

OrVin 

The lltolory Of tho Lekkas antlfmite th5t 

the forwtion is l'irrely of volcanic on -in. LIyers 

of mudttone and tutT cortining mnrine rose le, 1nt;er-

bedded tith the lava and coarse pyroclastic rocks, 

inOicte thnt at loant part of tlie vQ1ctinic 7:ateriftl 

was extrudod I°' yo tho see3. lenticlaqr nnture of 
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tff beds our:.esto Vw.t 

vat; a scrics ot b%sinr., nrobAly 17ter— 

t!1 t eotinnous 1)D4y of 

t!gltor. 

e t!:e abnenee of nillow titructuro 

In tc nnfic 1?, vs„ 7,; .110 nQt eonelu61v, 

do-position o- c',ry '0:3sV.;ly tl:c lava ne sc, e 

of the piroel.A3t1c wero (.,;:trld onto sx.y LAid e 

1, ,7crols the finvr cralnud, well—sortk):a 'It1 tell—bedded 

tuffs were de7)ocilted in shfillow b7wine in V'JI v(dlnie 

field. 

'oz;clis vtorc:. fJund in V':c, andesite in tLe 

eart—eentr%1 part of see. 8, 7. 34 r., 3 (field 

lolity D..207), and near t!7,43 nortli edo7e of see. 1, 

ri1„ 
11 4 loellity 7.-142)e Locqlity0'4 

D.-207 is novertl hundred feet .;ovo 1,7e of the 

Dekkt,,s an.,1031te as hare mraped; t)-Le strattf7ra7M.le 

tion of 1.,.'V 11 1.e- 14n In ace. 1 is unknown. rochB 

1t x-both lowlitic3 .'As tildealte. by 

A.11c.r (1'DOC, ulp), aocorainc to din 

doocription of 1;:c Losoni foraatlon ( 1VOC, p. 4) 

have in Vic:, ocv.)ni 1:9A: thy" fossils 

come to his tontic)n. 

Concerninc the oAlucLI)n frci 

Geolcw1cA. rvey no. f-0010 b) L. C. ii t. 
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and Dourlss tc Azvoy 

rA.,•:tc (1953$ written c(x7Aunic:AtiDn) 

".?':in collection ountalm; tro sneoic8 of 

irrlfilina or noklnibly of I:olydiexodintl, 

w)och cf r.r,lian in InActyd. 

nids tare possilay as llte nv 

i t- :1.0 other 

than fusulin1d6 o - t:Ained in tIAB collection from lo-

cality D-2C)7 reports that (1053, zritten com:auni-

ction): 

"It contains a spccin r.z.3ferred to 

''ictyoclostus of, D. (ewbcrry), a 

- ckellti? so, intact,, chonetid braciopod$ possibly 

u n(.7 aria oter brac)Aopods not ..7ener137illy 

detcrminablc. The for: tentatively idontifid ns :;46 

occie:iontllis 13 sonewhat crushed, smallor tynical 

forms of ;,hat spocieE3$ 9116 ifq repre3ent lh clonely 

related npocios, Thoro is enoul. e‘idence in tnis 

collection to rof'cr it tD Lute Thaeozolc$ vflry probably 

Pertili%n -7 i -)retwior_ is Vi‘ct it is as young or 

youncer than tLt "!_ontArd forrIAIon of ,ert Texas," 

'fir, ill:fa.an also studio!d rield colle.ction 2.-142 

from the nortorn Txtrt of sec, 1, .2, - $ 

Janes -tel( 111m a exa:dned )4i!-

4 

an re7ort;3 as follow (1953, writtcn c3unication) 

"TIlls collection contains any crinoij colwanalo 

nnd many :o (In of foslo. lubber cast,a werc ;ado from 
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mnny of V-Iese ':.nc2i tentative identific-tiJNi 1-c:re rand° 

•frsa c-str. NrIc of n%o'red 

7ref.-,crved i,oror.7.1 

GL''' 1r16 az 1;Icta oclo3tus pecidentalis 

(_ewbcrry) occ,rs in t'le coLicctjr.m. :hic, is E::2.21cr 

,an nnrror o- t,,1n-ectE,c. ''uny 

1(.1r. and fer onnts of irturor bolos in 

to or.c or mom snccier, a: brac:- lcn1r. :Jenernlly rc-

fg1.--rcd to Tvioryro7tus (:AzCirotrn or recent authors) 

are 'Us° v. ::110be a r.f beion to clo:-%ely rollted 

Genera blf,t1.1Eihale only by tern ncA revealed 

on these apecir. - is rat7.;er 

large and S ennrot lertIfy r.pocie!5 rcnrofwitcd, 

'Thr.rt• ir also a frvr;i:nt of a dorwa valve of fi 

Tr,:n th' eener'1 aspc:cq :v)f: V:e fauna 

t' F,.belinvo arT is Per inn f116 it ir very 

Prob,r,ly b l m or ,roun o ron . 

A Bi-!. c indeterTAnte 'enectella was tino noted 

by -ise nelon (19531 irrittcn conicti3n) 

in cAlection F-142, 

n the basic of fQ:isil rivionce it thus appears 

thnt t'ic lower part of the :)ekkall ,.Antle:?ilte Is of 1' to 

-Pcralan are, The fusulinids fra:, sec. Os 

ftt 
1. 34 lc. 3 -,s su:peet ti,. t' is sr)..:ewhat 

younger than the for!R:Ations accordln-:-

best and Douel.as.3 (1V53s written coTztvanieet Ion) but 



 

not ;1..--.1.:Ae'intly yDunfTer. 

, p. EJ) t te tt te 

Ote lo confor-aable interbe6dod 

(1061

of t'Arl it forti s i :risic act:). 71e 

concl.AdeE; tIL!t t.03 Heks w%rs ;:,xtrAod 

ly .iuri'r t tr1y prt t• -enooic 

fore -Criauc but rlotk th-4t, tA volcianic activity 

1-tter pHrt of 1.-Le oi 

',o evidence riftc fin.: by VIc ritf,,,r to i(11 .-

ante t1- -..A to urYr pt;rt or V-J1 :ehkr, in unconiorl,uble 

beneath the it fortamtion and so it 3CelS probaLle that 

the volcnnie 6ctivity tnut tive rise to the 

flndeNltry bcr‘n 1 tt' inn and porlIps continued 

inter..,Ittently, into t';Iu 

nully r'lil r'lyolite 

Cronerl ertater and Oistribution 

The 1u11y1,111 rhyolltc, nc,.cei by AlltA- (100( 

P. 8) from exposureil on .11, crone out in the 

ce1trn1 and c:ArcH0 Gouthenst p!xto of the, nAp area. 

It a1.° the cores of oovoral anticlines east of 

'be junction butv,eon the squaw ',:rock and ;IA dyer 

he iu11j .112. ec.inA:its Ilrineipally of iifio 

lava flora ant! nyroclet;tic voce, 4th uubor,..inate 

hypabyosnl intrusive boica. 'tic of V:x iuily Eill 

rIvoatte 16 porphivitie, 1t plonocrysts of quartz 



and 71.Ai:1::eLl3e in r domes nnhnnitic crounclmass, 

suborcirrAo -.ount 13 non7oryrItic. 

'It *1:t •c) on n:...sunciv of -oirt:: nhc%ocrysts 

aro c 1cf fonturQ t`ic. 111 

!1ite, 

r'nfolite oc:)r. 

matiDn in arGa 1)Lcause rlo!:it or tht: 

3c)or1t occur ns r-zIlace'17_nt JAf, siliceous rocks, 

-trHttfrin,-Ac rolationc an0 thickness 

-ully 1'111 r?Iyolito ovcrlics to Lekkae nnde-

site and is overlain by the Pit formntion of 

nn0 T. t* nno. 7oaks litholojicllly sillnr 

to to 4:111y Pill rIvolitc are also interbedded rAth 

the okkos nnOenite RC well as 1.1* tt) fortion 

in r'.7y nlrAccz, thnt the 11 .1t of Th 7 ly :1.11 

rVolitc! am to defincs In mw.t 

cont.:ict beten the TAIlly -111 liyollto and ttx, 

an ;c1t lr drr; I Vic lot(,r Ii ft of 

of allicus, IiH. t-colord volcanic rocks &-.r'. 

actelric ryolletc. Powever, in nlftecs 

la%flo lwvas t:*Acl of ti& Atilkns ,An6esitt: tire 

intorbcd i':i tL 1 roc:5 tynlonl of tlx. !u11y 

fill rhyf)litc, eorrnlatit)n le; btld ytoich ty7)c of 

rock nrc'doninates. in ne:.t. 30, :41 34 3 

for el.n-nle, (71 1) ciliceos, li-timc,)1;)rod lava and 
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tufl inti.;iwt-.ciuL 17, st.i1A-/rc.An 

avippta v‘it.1: LI c V. C-n 

tbe !,-u.brdinatc-!if i .,vs 

with slilcic; itAvas in t;A5 UT 7),Ivt 7.)f 'eor 111ch Are 

‘.lt: 1,1;t: ill 

The intrbekt it% 

- con5lsts 

niainly of c0-10 ar“I siltstJne. no cortilct LotIscen 

tv or u1U 1 drwAn it ttebic ot the 

bud of sh4le, :over,in 7iirly places I:Above 

(Jr,V:Ict, 3 re.!r th V thE penInsla betuen 

4. quay Creek Eine. it - iver arms of 11';ts Lake, 

•-tc rocs JIrL 9S nbunint as 

ii'ro a:10 ib1. ezistf.i 

t.o the of t! contact. 

intLr!)ec!,..in - cr: ce. of th.. ully 

: 1.12. r voLt t t.)r( Ylth thv underliinr i)f:kka 

und tivc.rly1,:. :it Vom“;tion InLicteE, tht 

ryoljtf., lc cric(Jalctlly co- ormabic., 

rAth the enclu,- ln- foltions. 

7he tMckr,ettya t. olly tT1 ryclfte, r.snces 

fr;stout 100 fect In 1.;fic. n, T. ',.T4 PO t▪wo •• 

(r1.1) to row-Ably r5o0 fc'et in te eytreTe volthclst 

7r)prt or ttp 7ap. (nl. 1 Oro r('ctlnn 1,-;'). In the 

Fully fl1 aren the mnxitmln,tILT cF. 5S 4 c!titimd to 

be about 1500 feet. 
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Litholo:y ?cAro:rAny 

nb e cief littolo. io elf)onnt- of tne 

1 111 rLylllt lrivit flows lnci ryron1-.1stif. "rineOre. 

of quirt-7. l'er-ton'lyrirl c- 7)1bor31n:17):)sirADn. ,t,-, 

co-.1onents -mr:t46.1e1.tf! 7-Delnt1(, r;.:)(!),-.s, in-

trn5lve f,u1rt7 ker,::tonhyr, 

wroelqnt1.1 rnpvc nn,.1 turr. Tn 

tT.1 vill 

by d 4 ;itin c'r)-1 r: vith 

conftleneo, but in VIr: 4:.xtre-rie nnrt of 

i (:the van 1regi '1712 11tc:r..tiur is locIlly so 

t`-,t Atinction beti;..er,n lfcut f1o9's 

- yroelnstletc 11 1!7,(1.1ble. Therefore, !tme 

fA ,1•'.6 d and nited nhnss of the formntinr, ns 

non-fr1-11,.nt'.1 r:u1rt7 .v.t-rt:inhyre ?n the .-solo:le .r,312 

(n1 1), mny be pyr3c1fIntle 

eon.Astsnt litbolocle seelufv;nc, snl1cble 

ow,—pout the filstriet, 1-;fs not reeonized in t':e 

Tully TA.11 rhyolite3, cprrelAti,)- of an lndividuql 

lavtt flow or pyroclnstle 1,1yer. In n /,!th 

a ruck of straliar elsAeWlere ennrot bf, ,de 

vAtt oonfideree bee,also rock1-3 of q tiven lit):010;zy 

occur et many strt1,1-,.Inhle rositionn 1n the rully 

rhyolitc, (.:(),f5t 1Wolo00 secueree 

rc..:eoi:'nized 1s in 5ee, Y,, ., 3 ,„, r•Irt*A3Ist 

of Y111. j crc a flo‘v or rIrtly Crent:11, 

https://mr:t46.1e1.tf
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porlyritic ritvirtz ;:c1tE1 IlanCrcd fc et 

ovc11.or, wrocl.,!!.tic o tbc 

cinesite r.Ird iv ylf.;r111r, bv 1, Ith 

C1J1.: banuinF (Inc: snrse nherrinrytr. I to 

2 mm In diameter. This liwikl; f1o; t-16:d 

koratophyre is 1,1 turn ;)3i:la1r. rri.tonyre 

with rl!Irkyc.. 1ow ban,d1n rith r,!.7.no-

cry8tt six .5va In (Jlamctx:r. 2i!ml1y, on 

ton, is volcnic br(;ecla conist.!n c1(:f1,/ of ‘eF:kly 

fluitrtz cr iyrc. 1:r!!.7,wrt-

his *equt -,cc traccc :or a 

Ct!Ir soQuenceas of lit,.oloYic 

7Y.rvistent tJ Le 

ut1117,,,-d In ::,:t. )7An.' btructurc in 811 a-re,ts, 'es 

recornize0 In tr are3 qnd 

In. f otJ.,e) 

A dcscrl.ntion of ti in or rcie 

t .'illy :111 foliotve. 

Porphyril,tc kbrnt,toirt 

rorphyritic mart kernto')14re 1 te ekTre3011 

wAroi7rRntN1c t.r,e lr ryollte. It 

OCCUr& irrin:: blocky 1f5Irq 

,lrrc .J !T, b):11.kzi ir 

site I- t'-1.iir p!;rt of t'.c: '41,1/ -111 r1,/oltc., 

https://r,!.7.no
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tLe porr)!vritic tuartz 1ern'../re is 11,• .t cre nish-

CraY to erfly, siliceus rock contriinin- snd 

fel(Isr prnocrists in nanhanitic 'roundmass. 

;l::E am.; %buriCnct; of nhcnocr:nts r-,rked-

ly non t. Nv,riuus unitL but .it nlacc do ptcno 

cryits prAoin.Ac over f7round41s. Inividuf)1 riots 

co% nly arc. cL:rlIct rizeti by t 1fInd "buncyicc 

of the flurtz .)11erocryrts. Lome flo, s cot. in only 

eT)rve c,u_rtz. phenocrysts about 1 in di=eter, 

where'tc O*, abund. Ait r;u5rtz phenoery. 

rsr),Art 'r.:a 1 to 6 m: in diamrter. In ,,eneral, 

te 11r,-e!.1t Wlenocry3tf in t!:. fcic t' t cortnin 

the most abur(11,-A phenocryctn. u,rtz keraton}r,! 

rani.7inex. from 1 to 3 mm in diameter 

is most co-Ton, 

1-:e1dannr phen.:)cry:3t rtre 4:enemlly about te same 

size an: abun(I'mt tn (111rtz phenJorysts, but 

are cont'nicuouE tlxrefore not us u:,eful 

in the fl,.10: d1tln Ihth 11to1oIc feeturcti. 

-oreolv:x, in ).:1e rncer t.t quart2 korrttontyr(!s are 

so anAmd and Iltc,rea tt the fcldsTylr penocrysts 

ore u1et1J oAlternt6 ,AnC t!-;e tyacirtz thenocrysts 

nione tcEtify to oriOral pctra r9.110 character 

of the rock. 

Thin section:; nh that the pornhyritic (1.1rtz 

k(7ratoilbyres Con, It clit;ly of quartz and albite. 

—110— 
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:41nerrIls !)rw;rnt, 'As nhenocry t 1 anc. in the 

-r.Jundmss. z.c albitc rJnf::cs in ccmlnositin f:rw 

b to nearly 1W
ljO. 

'o6 T e? st, is or , pdlc . 1) 

.A.cu, calcite, c!'lorite, sti 1n-

clinozoinite, lelp7oxenc, 'ir16 

r minrtis 

OrJunmass texturcs in the 71yr.4.1c ,HJ,Irtz 

kton!vrc:', felty, :icrosnhvrulitic, an trAW1-

itic. In 1.7)cimcna th. nri. xenos!lor7)1•1c 

:icr,Dcrynt Iltnc 

flak(-6 of fine-. rined v.'.,1 to :elicu are arrorlized 

subpllel in relst;ose ft,cies, 

ncnocryts oom)nly idicmornbic in 

unshelree nr.. :;21Ahtly pts.c:; of n:)rnyritie. 

quartz tLr but in lltc.red ohlses th lheno-

crynt nr* r;,mllaced !- mlorocr2stnlline quIrti, 

11,te :1:1c1, or .!.,11cit, o. by combin,itions 

7Liner,t1s. Ir. :-Ixao places !abitc crystal; 

are covletely rL-q1ced pseudoor-,lously Ly these 

8oconry A.nerals. 

u.irt phenJoryst r4r1e 1:731 • Id1_or7,Lic bi-

7vrlm,ds veri irrfTular crystals lob to 

only ftlfIrtrz crystr11:, are rcunded 

anC egiboid. The row'(!ce. lobate shspes 

of so .urirtz .;)nocrysts may rcsult in 1:it from 

corrosion by tht., mt±47ma, but :;:nny of thi2. ;w;nt, irreollar 

https://71yr.4.1c


 

i:rnins arc op- 1c.11/ cw:tinuous T,lartz ru-lAcA 

,-1.1:orystc pi- ob ln t 1 t 

stl. In s:). facies quartz an,. ft1C:srr penor'rye,ts 

ar fi t i :rai entce. in to :11.r,2te c tt; 

anJ trAt in truirs. frf_tcrin: 

phenooryfit!:. lt...rIted in 

part to shenring In w-ri !) rt 

to Lneqrinv eroi.enesis. 

Locations of !Analysed rocks list C. In tble 2 

1.7lorpyritic c. uartz kcx,tonhyre (norr;ibl; Intruive) 

frr 1ovr t13 in D!Irt of the 

Aqp.t!it 71,1'a nren. rry F. Milltps„ Josell 

ovid„ =And .i:!Itrinebite, . r3. Celoionl airvey, 

anqlysts. 

2.!!edium dirk gr3y, pornyritic qul!rtz l:!1,-tophyre 

from nortwcs,t corner of sec. 15, I:. 4 V., 11.. 3 

flurry 7'. Hyman, '5„ :Airvoy, nnalyst. 

3. lii olfied, flov bAnfird, pAip'vritic waartz 

kcrlojrc enst-ontra rflrt of se!c. 16, 

T. 4., r-ck contiins virtu:111y no 

feldsptAr becausc.! of intensf.! an t. 

soricitio HrIrry !.,%, Hyman, 1.1.1. Csol-

olcrt1 11rvey, anJlyat. 

4. 1.t!rtz kerntohyri: from north contr1 p!rt of see. 
16, 34 N., fle 3 11 :711w3t. ounty, Cliornia. 

Farr/ Hyman, U. .urvoy, unnlyst. 
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*Annlysed ty rapid mnthods 



on-porphyrlic -rte; k(:,r-,to-,hyru 

.bJut 25 percent 111 r!Iyolite is 

non-,porpl.jriLic !luartz :icrutonyrc. non-poryr-

itic faties 1 mort comon in Littlt; i;rek 

area hut Is 1.:30 nreent in the CopPGr City erca 

in c feA oter places. 't Is not restricted to a nrti-

cill!7,r striWrrin!lie position In the Fully Dill 

In some places it seems to rot'-:2 flows, but 

more c:Ixonly it 'rides into -)orphyritio korl-

tonhyre tit yen' snlree ;tiartz nhenocry::;ts as '..uch 

as I ram in ,flameter. The non-porphyritic 1.u!Irtz kera-• 

tonhyru cannot be used con2idently as a m%rker unit 

even in small areas. 

In t'-: In section the non...porp'vrltio quartz keret-

topLyres flr( AnerqloAcully and texturally simllr 

to porphiritic faei6v lith spfArse phenoorystso Aust 

slides ahoy, a fcv 'Icrophenocrysts of quartz and ,inito 

abot 0.5 mm in diumter, in a fnity or :icrosii. 

sphrrulitic F-T.un6 ,;se lf :;11artz and A.iteo Fine-

67rnin-d :A.ca, chlorite, pyrite, and limonitc 

after pyrite Marc n2arse mincrnls Of irrwular 

bution. 

eunrtz k:ratontyros 

bout half of the Bully rill rhyolite is frrwol-

tal rook. !,.)nroximtely 50 p..rcont of the fiw.montal 

rock is blocky lava or flor t)reocIa, rind the rrav!in-



Inc 50 7ercert is pyroclastic r9c, 1,1cludin volc-Jtic 

brecci, tu24' Idrecci!k, fInd tuff. wiry 

of th frqcntJ rock 97z)ear:3 to be of tectonic Dri -in. 

On t1. :3 lo diffcrentited1 re :)1::1 is 7.11gp (pl. 1) blocky LAr, 

incor!ir. 13 nsiblf. fro!..; pyroclastic rock. 

The prinolpnl critiJr!on used to dintirish 

blocky lavci frari pyroclantic rock in the fi ,,ld i w the 

ccrtposition an,.1 texture of the frnr!Int4, Pyroclvtic 

roci:s ire x.0 de up 0V a ...::fixture rJever'l varieties 

of Tutirtz kemto7hyrc, veras bIcky lavr, c,.)rtins 

but n rin:le C:enerAlly tit sli,ht rence 

in color or texture enables one to dif;tinish 

t'ror mntrix in both blocky l!ivas pyroclastics. 

The ch!irncter of the matrix cannot b utilized 

block lava from v.plennie breccia in the field 

tic:cause the matrix is so intensely siliciVied and 

otherwise ftltred in Ir.ost places thRt its or14.711 

character, i.e., whether holocrystalline, :1tIssy„ or 

elastic, c,.nnot be dcter:Ancd. 

'•lock lava: A.ock lo.va, or now breccia, (fir. 0 

forms out 25 percent of th,- 7ully Hill rhyolite. 

It 11,4n no strritt'ritnhic Et-nificrAnee and onnnot be util..-

1:',EY! ar m:J4kor unit, e'icn in smnll rens. It mdes 

into laRfizAve ItIvl in :zkny ',Incest and into pyrocllstic 

rock in q few placoz. l'etroraphically, the block 

lava is 1.:,entleal to the kerntophyron descTlbcd 

above. 
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':01canIc Lmcc1c1:--olcanic breccia Jors t'lrowthe. 

t*,f: ullj :11 rhyollt: but, lc. .ost, cot: ir 

upper rt of t:le fornqtion. It ensists 

to runded frnc7ments of (lirfuren tyr)coo (rtz 

kerntonhyre :.L7 much as 1 foo In diactor, in sub-

ordImAe ert-Ittanbyrc trix. :extural vrtettes 

of quartz keratonro th t ecur as '.'r,Agents 

flwn-brsd6 por?hyritic, non-Drphyritto, 

Iv non-por-)hyrittc, am: of mlsslve 

-orphyritic. In soc places frlrmntii of lvfic lava 

are present. t;ol.monly t -;;J trix of volonic brrecins 

in ri slii7htly different color ti!ri thc 'Jut 

is e:-seenttnlly tl^m tine ca•:_nosltion. Thin sections 

sow ttY't 7.uch of tke mntrix conststs of nests or 

olbite rind quartz t ,it 1ppear to have been introduced 

into a .nntrix. In man: Pisces volcnic 

brecia rrades Into turf brecelq. 

Th€, best exposures of volcanic bree(qa are about 

three luarterN of i10 solcast of :.:ugnrloaf, direct-

ly beneath the Tit fornations 

rtz kc,r-:toplvre tuff breceil:--l!uch of the pyro-

clstic rock in the uppu,r pfIrt of the Puny Hill rhyo-

litc cont!.: of frments of nev!:17A. types of (qmrtz 

keratopnyre in n -t:faceour, mntrix t t nrdo!7-An,tes 

over thtr,tnt. This tyre of '1•7ental rock, 

clned as turf breccia, grades on t5c ono hand into 



10 

breccim, 'inc on the oter ,- nd into tuff. 

CifferEw.id from tuff on DO reap (71. 1). 

The prinillal c) uff breccia 1:1 

body underlyilv to 3 square AleF:, on t';.i.e poutilest 

flank of Town 1:0untr.l11. :is L;het of pvoclastic rock 

is about 100 rect tIlick and forr,is the tzpner part 

the ully77111 rh.yolltenortlxast of LitIlly :All. It 

le nrobably cozirlzitive vit thc tuff Irecc1:! in the 

corcr.:, of ntic1ni between .1.-bucy nyon rnd reen 

':ountain as well 1.1s with mctadacite tuff breccin alonr 

i;IJ; ,a5l, fold Eoeast G2 "ully which is 

dovc. lbed on a later pw:c. 

The tuff brocian have a noorly def'tnt,d br-dC,ing 

stzucture that rhows up in outcrops vferied ','rom a 

dince but is diL'fic,lt to Ci3cern nt clot r,Ance. 

On louthenst or r2cre,n !'ountn this beddIrg 

to beddin in overlyin„. sb!ile of the 

formntion. 

In thin section te urtz kerqtonhyre tuff Treecia 

is c'- iefly cwIrtz nni! .lbite. 'oct commonly litl‘le 

framontn ()_7 silicified quartz ker*tophyre are eenemted 

by an tljcreeatc OL recondar quartz ane albite. The 

secondary tabilie of th matrix is in thi7., ;7(:;r4 of an— 

hedrA, r.inavinc 0,05 mm to 0.1. .7.c in diameter. 

'ti.ny of .!. rIr1 ov, i,,aprfootly formed c.arlsbnd 

ti1rr 'he eact pocAtion of extinction is diffleAt 

—11E3— 

https://CifferEw.id


 

to dg3tcriint. .1bito ins' pt.ricline-nclinr ttn-.:3 were 

not observed. In a fc7, plIcco divoruly oriented 

f7rrlins of voc71.-.ry 1biLc flp.onr to have rocryt3tr.11-

1:,!.ed to untinned ulbite porphyroblasto ns 

T.1! acros5, sicvfid with tiny blebs o ft ~1b to 

7orp:rblauts, which appuro-tly achieved a nor' qd-

v..Inced stnge of ..rowth, ezor 017eckero,fird twinning+, 

i al f3 qwirtz phenoe:,ysts, 

remainin.. in tIlb rock, Rre 

frnetur-, trunw out in trY,ir. frented 

qu rtt cryl)trds are cc:01A0:1 necory quartz rhcre-

ac fr:Acturc nruite crystAx rirt! ce-:!ented by albite* 

T}n rt1,.1 rerlacc,rt or nibite phcnoorysto by optically 

continuous quartz of prosurrnd into .-,arm,I;tic origin, 

forAnj. vr,rmicuLir intergroths of quartz 

is cums.lon. In re7,1acecnt of the nlbite thf, artz 

sue .G to have boon f,:,:lided to ao!Ai extent by cryst•31-

or,Annic directions cA.Cspare 

nnu 111.11 re, u about b percont 

or tt.1 ully ::111 rhyollto, 1%.nticular beds 

and poorif defined bc)ic.,:i thqt crade vertienlly into 

tuff breccia. .:11r: is taupped oeparatcly un thc 

i:10 r:iap (74. 1) but lnpilli tuff eiVier for:A3 bodies 

too sr:ull to be mpped separately or is ity) intimately 

tuff breccia that it could not be iAffer.... 

cntiltcd. 

https://rocryt3tr.11
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"17.7,e turf 'r1c fr: 7;1 for. to 

(Ibut 7,0 fect t!:1(31 rich an _Ile 17. 
It is :::0 c..,::Ln In t'o p rt of 

erca ctr.%! in tLc vicliy of ecaor 

smIllezi fro:a 11i.t ronis Jr y to 0,71•15:— ../, 

t4f'f Is roll buddQd T',Jorly boddod, 

In - :.:Lorin y;4,e1.1 bed tuff +,„c: !:;,a4L1n: 1 

611. itdifforono':3 In and o..)1. betlacien 

;locnt )cr. Clnts o: 111:! 1,311ct:3 of 

1av9.1 eruL. conct,!Itrd in dic--te laycrs, 

are the piqn(qp_l o_ •,)!11tfr:: o2 T:ot tuff, 

L. pint occuys in clost asso!":tin vcit!: 

1;1 craCntl,:inl into owirtle',-r 4 nt: tuff. 

ti"' ')res:cia:...—'ot11-,1y 5 

porent of e pyroclastic ..ock in Vie Tltdly Fill 

rIvolito :Iro;An_te3 tho c71cialion tadacit, 

This c!Innot 1)e tin21*1(3!. frail quartr: korltoplvre 

DyxoIcc In liold and Is not dt.linoted on 

p3ato 1. Min stor: tat It. It: rent Tolin1y 

alozv th caut r:c.wtet side of riiy 1:1.1 1 ln 

a zonc . Ipproxif:Intely par'1101 to t•,' str-A:ifiotions 

pyroclf.iticLI 1-11r occur olsowhre in t:7o 

ra.11;;* r'_yoTItc bt. ha7ie not ':en 

79 tadacite frment:.: in theso pyroolastios 

arc oliveTly to modium croenigAl.varray rooks. he 

mioroceope &olts tht tlloy eonr3ist pf qlbites 



rtanin, in ii t.It3T iC fr.: 

e,acic 011 to c.leic ane61ne otla:eitc, 

fine—grIn ‘"; 9 ar.“: 

texturf; 7)ornfit1c„ 7J...t a xonorPle 

zliorosisrjstallinc: crcunsz:. 

forA rhenoorysts; Ilti-yrotha o. :o.urtz 

and nlagloclnx L, hand 

T%o rilugloel\so k:3., r1j zonin -, 

with cores . ore tn rts. In 11 

f.,11688 vei!llet Ind irm. ;), .7;'33e!3 3: cle-,r, an. 

twinned zAlt)it,:, renlaoa tc.; 

The +7J...)undnass pyroelastloc is (1.6.71Jn— 

ly Xenomor?hia inicrocrystalline quartz, 

qflc 1 v)e1a 1.0A 71.nsoc, of 

m!Jtic lava an A .fic niroolAz, tic rockv aro 1ntrztratif-1()d 

;..e 11 !It—oclorol silices rocks IJ 

rhyolltc but. i4:iso up lceL, th;-11 5 p.:'roont o. the, 

:6bL 0: tne mane 1-,Aea is in the soutt:cant— 

c:rn p..rt of the ,4ap betwen Jow H.ck— 

bone A.dce. (p1. 1). It is int1.71u1sha'Ao 

fron LLE3 laTas of t. LiclAqs .71nOeulte. 

raygdelloidca citructure is caali.3n. L;h1orite, albite, 

ephene, leucaxen, and c -ileitc nrc: t'ne cicf minerals. 

rario nyroclactle rocks, ircludirv' 

treccia anc tuft LIeccia, arr interbeaed iclth r111cie 

rook in 1.•!: u'oper p rt of c ('-uloh, on the ent.tf-rn 
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flank of 7own flountqin and in the victhity of 

,rn.'..lonts in th..:.fse c,ro 

1:77:to11yre); 7. f;!T/ 11_ t, colorctl f*mric; r:re rluIrtz 

Lc!r%tohyrc. ryltrix of nyroelaties 

oontlnr, el-AstE, of 

0:)Llmnar ctructure 

Columnnr vtruf.yture, con9Intin• - 7,7nerlly of four, 

five', and Rix..sided columns in t-',evelonA, loc:Lll! in 

qrd qurtrtz k.ortoll?lyreso 

It is teat clever:Toe in non...porphyritio nuirtz kor-to-

-)him ftort':ouf..:'t mine area and in porphyrltie 

- rte: la,rator,hyre on the sou t!:- flnnk of Torn ',Iountqln, 

(pl. 1). 

ecJiumns txpe of tiro sizes. :o!-.1 columns Ilve 

cross—sectionA. f)verin . lbout C ine!.les; others, 

.`re :r1ro corn-non hflve dinmetem rei n: 

to 2 ineller, In Octse plocee the larger cclumns 

cAn. frrIcture pat torn tht,t on.unes them to b:,oak 

dovn into crilunns in the miller size rInces Tho 

columns 7,rc stratIlt but owinnly hive t7t shit 

ouc formo In SOMP outoro!Is V'e orientc!tion of neigh., 

borinr -r()uns of columns diffrIrs by nuoh ftv rA) 

dcw:r vItIn ft,e4:s ci-1,ns or flrou7s 

of eolumnn frf-; ,nuch es 10 fet Ion.-- but rIt clumns 

fnd out become fragmentod and breccid witin a 



 

few fccti cAu:ana or :rt :c'.J1umns irse 

zTacl z 13 fcc.'.t _oJk:; c31uz:Ins out or 

b(0317to te(' br;leete..ted thTh f rf-ct. 

the lunrt7 vr3to-yrL4;) vit 

structure r17.,1.6ent1enl to t in struetvIre 

'rcf;*.rilbly n.7.1—. tie clollvinr frc1 jr resnDnse 

to tIle contrnetion of e:)olinr7 .1 1/77A qn.l.art r17!nted 

!Ir7.11 to tc urfnle or ec;oltr, pinuous farm of 

Tlar; and In no.,,e nleoee tine rrArkesaly livnree 

orient-tin of nelf7I-vorin .r)7 ofs o jl'imn itn 

:31.3rt olf.t rie,m-y have re:3t1te fror, F-J1 t DN'fimcnts 

in thr! lavq rhil it 11:i nenrly i:r e if 

tc! rully Yill rhyolite rns extrude0, nnrtly into the 

nut an probIe, te (Averely orinted columns 

may 1:nve fron n:Any 6iffert coolln citera 

i't rou3d likely be vet up In te extruded lqvA under 

cubmqrnc emditionr, 1t frliTvrtation 

clition or the co1unnn in :1,1ny mPy !lino he in 

ItArt rttritutoUle +-7. minor )overrerts of t after 

it sA.leifid e but 1,, vclinoly breel,tu(1 

pl',nnenof cufirtz Y-crtophyre ,it' coll.urrmr strleture 

probtIbly result Tr!.tri17 frem t!henrinr Curinr,orcronssiso 

7crm1eilar IntereTotths or quortz and plio:loolase 

7. eomr%on foeture in por,hyrItic foteler or the 



Bully 1.11 r'volite rim vor.Ac-:1nr interrort%s o 

qurirtv., 1UC15 t.:‘t eonly euh:Arll 

outlines. ;n t -.1n section such intnrErowths conist 

or eic,crote verAform mar.ser oY :111rtz tit otir.1 -1113h 

simultankly. The 1..rcrt vereAcl-Ir intrcrowths 

mly conlst o two or tree sucl ma - cs or -mrtz, 

cc- oxtin-illit7 at a differcnt pec3ition. 

A.3crcte bo(lic:s O. Plucioelasr; interstiti%1 to verig. 

form meses u!a.utz also extin.-uish nimultnneously 

and reprennt ic cryst!7.1s in which t1nr1ru irt3 

even oncILLitory zonirw is proverved. In c;uart: !-era— 

tophyrcs te nlfi1oc17.13L 13 In motadr,,citn:3 it 

is olicoclaco or nndosine. ri.ures 7 and 0 show 

u.c,rt.z—reldspar intxrro.vths. 

Th:it Vie ver:AculAr qufirtz is a repineent of 

pL)Ooclase tn a eutectic inter:rowth is 

im-reated by thci exceedirvly irrepLlinr ttern of to 

quartz in Vie nlagioclase an( the iThet th,A 

intmrotthe coritin vristly diffvrent proportions 

of gurtz and nlucloclqse. (fi6. 7, 3, 7_,nd 9). Joao 

interrov:ths corA.st of only 20 1:o 25 7)ercent quartz, 

virer,,t1 others are nt lc!Ast 90 percent :utirtz. 

p1Acioclnse phenocrystc, :,715r b' completely repliced by 

quartz. 

late mmgm-itic rWler t,r1 hydrotemll 

for the vermicular quartz in ilostulte reaullo of its 

https://cryst!7.1s
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prescnce in roc!) hvIn.' , r 1.;11(A.:icd or unlici:led 

FrOUrldn• F;Scfle is corroltiun betwf)en ts'fe de— 

gree o: rillact of foldsnr cryotA. by vomiou— 

lar lup.rtz nnz t''.e intensity of v1)icIflo'Ation of the 

(:rcun: '"o.r - over t inasuch ver-:„Icular interrorts 

anC, c1.13ts :reof are corw:cin in nyroolqw,ic make, it 

3eems likely that the intererotths formed before th(: 

.uteri .1. ejected from the volcrIno. (figs 9). 

In silici:lcd phrlsec of' the rhyolite 

the feldur or vomieular interrcyths, as well as the 

crounCanuc t is uo .only replaced L. sec,:n.cvry, ;11.cro— 

crystalline quartz. lcavi*v , uArtz nlisses 

t1.-A extin'Aeh eiultancusly. surr(2unded by !licro... 

crytnllin %urirtzo Tht the microcrystallinc 

hat; aoturilly re71.1ccd 7.1,J;JoclaLto is chows by n rev 

key thin sections (ris 7). 

Ort In 

The oris-.in of the u11y Hill rhyolites like the 

orifl.n of the liqlaklals rhyolitv, htAs boon to mIttcr 

of some controversy geolo - ists who have orked 

in the nre. Diller (100C, p. 0) decribed the roma 

tion as q series of flows tint tuffs tiv-,t dip beneath 

shale of the form6tIon; but he st'Aer thlt it 

locnlly eut3 the ohAc i,,,ivelopes its vrtint!;. 

Thirbnlo (1303, p. 3n) also noted the tuffaceous 

chractcr o: tho rock lAter n.lmed the Tully fill r!7yolite 
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and evidently he also considered it to be 'iinly extru-

sive. 

gratin (1910, p. 82), after ,nakim7 e study of the 

idines in the ;:;hasta corner district, ooricluded that the 

Bully Hill r:volite, as well as tIle ]Thlaklala rhyolite, 

are inIrusiv:3 into their fAArroundin:. rooks; he refers 

to the siliceous rocks c311prisint. th two l'orwtions 

gas "r2aaskitt:," and 'alaskite porphyry". Most geoloFists 

who have orkc!ci in the area since Oraton (Boyle, 1915, 

p. u9; Lind, p. 107-109; and others) h&ve re,-::c rd-

ed the Dully Hill ryolite and the :'alaklula rhyolite 

as intrusive massea of si..ailar are and1 character. 

The writer c,p1cludes that the Dully 11111 rhyolite, 

like the 1,alaklala rhyolite, is chiefly of elctruslve 

origin. The math resorts for this conclusion are: 

(1)2he abundance trout•.hout the suction, of bedded 

Wroclristic rock interllyered win anbrinitic rocks, 

ia&ny of 'Aich nre bondtAI. 

(2)The goner,11 lack of intrusive contact reltions 

to the enolosin sedivwntary and v;)lci-Anic formations, 

espcially to tie overlyInF rit ;3odies 

of 1.tartz keratophyre that are demonstrably intrusive 

are: rcoticted to the £ckkas arOesite and to the Dully 

dill rhyolite itself. They do not occur in the over-

lyint: ?it formation, althoue;1.1 pyroolastic rock and 

lava of the Bully rhyolite type are interstrat-

id Aith 6.;hale in the Pit f;JrnAtion. If the 73ully 
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rbyolite were Int-l'ufAve, one AoL.L. exnect to rind 

apolhyzes in the overlyiry fore 

(3) The Frerit 1 ter 1. extent of the ;'.ully rill 

ryolito anu itc sm,111 UAckneFs co-lylreti to 

extent. Tneludini: the nortiJn th,it is nresuly 

covered by tin.e it formfAlon, the 'Fully 7'111 rsyolite 

!aust have on ireal extent of Ett lcrit 35 to 40 squnre 

!Liles in the an area, and juded from Dil- r's re-

fp (19CA, :. .31c*.ic map) it nrobqbly underlies 

a totl of at leMet 100 square -A.1c1;:. The tickness, 

,fostever, I?Oii less tin 100 feet to about 

2,500 feet. ttti41ar intl-,isive body of thif; size 

rand spe, anC: co.itinr ot such exce€dinf- ly hctero-

f;enuous litolo&y, inrobable. n tl•.c 

other hand, con;:,id'crhtion of the ully I11 rhyolite 

as a volonic pile of silicic livas snd pyroclastics, 

or m:)rc nrob8bly rt .roup of interfinering :flC over-

lappinv nilee of volc'Anic rucks, vitb subordinate 

foeder dikes and plugs, seecrs much more reconcilable 

wIth the fnet. 

Yinkel and others (1?57, n. 31-2), after map-

pin(' the "alaklala rhyolite in t,le :.est Shasta corner-

;inc Oistrict on a sc!Ile of 1:24,000 3nd studyinr:. its 

litholoy and struoturel relations in cwnf,nsurate 

detail, 'mve also cJncluded that t(.1 Nalaklala is 

lariely of extrusive oripin• 
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rut tlle lavas o: thc: fly -111 

v:crc nrobr.1 -jc:cted ro irc lai orc vut 

is AcC by t. fer,:nc,,.:: in 4„icknes by 

t?-,clit Tn t':!e ::111-:own ountnin 'reri 

the volorin1e8 m!Ay 11,Ave cne rrom ',I vent but if 

1Ie norter::st or HIlly '111. This is s1.4T6steti by 

(a) the :1 tcro eneo.iv 11tMlo y 2) (b) by the 

abun&ince of nyroclq8tic (o) by t!-Ic cre7,t 

tiekn;:csu In of u1ly ill eo_nred to 

te th101cn033 in rinr!)y areltb, 'and (d) by the prve,lee 

in the north eentrd rt of zee. 15, T. 34 3 

of an':;. of flubndrc c2,u,;rtz kcr,,twabyre, the bnIr 

of e)ich A17)8 :1J1-:t1y 1rrd totlrc' the cr,nter of tIle 

su:40stin: oumulo doe. ' second v.Joanic 

eentcr mrty heve becn about a %Ale !:,a't of 

lof vlhcr pyronlstio witer1,11 is also abunnt nd 

a 'ret vitriety of rock tjpes 7)ref;ert. 

Ape 

The Tully Nill rhyolite overlies the 

tlitf? 3f 7emi..in with arl2rent conformity, fkrid in 

ov*-7!r1qin eoirormably by the 7'1t fw.!a-;Alon of :,i:1 

and Late 7rie.ssic age. Thee-:e 

rwitpiA. of t!: h.j1j .111 rhyolite 

type was t:eirs erupted intermittntly nvir a ()Divider-. 

able intrval of tine. The Bully TA.11 rhyolite is 



considrcd to be of ri1c tt'e. 

Pit forli.tion 

r;ener-J c racter tistr1.1)1Ation 

The 7=1t formtic;n, 7,Mch contc priniplly uf 

—Adstone, and 71yroclAtic rocks, subordin-

ate siltstone, limestone, anC1v , underlion 

tririnu1r dQvt-rink: about fuulre T .i le& in tIle 

n,:;rteact prt of the at (.11. 1). :.n orIir'1ly 

defined Uy 'airb.mks (1E94, P. 26) (1S94, 

2. C01-004), thr: 'hltt f'ornrxtion" inell.:0C all sedi-

rt- ry rockc t t 1.ystrtir-nhicAly betwen the 

limcfitone Thsselkus 'there-

aci the "7.1tt shAx" apol1cC. to the sedtn,:ntllry rocks 

of Trinssie age beneath the osrelkus ltf.entone, 

(Diller (1906, p. 4) restrictod the nit fornmtion 

to the sedimentqry and fl:roclistic rocks lyin above 

V''.e Tully Eill rhyolite nndeite !?.nd bnelth 

the rosselkus ..finition of the 

Pit formition is followed in t''o preent rf, nort, ex-

cent th4t three m%ll bodies n limestone and one ms 

Of lnvl r.19r th t:Ist...centr I edge of the msn, %kh!ch 

Piller corr*r:nts ith the osselkus limestone and the 

respcctivly, trc here lnAuded 

in the it formation. 



.T3trti r—)hic nl.ittons and t:. icilme.Js 

The 'it 1'or.(ction overlies thc 1. 1- y()lite 

everywhere in the map area except in the viciniV of 

Cove Creek vhert'; It overlies the Dekkas nnCesite rith 

apparent ..3tructurA. discord nee (al. 1). Fhe contact 

bet.,,,cen the it forrw-,tion and the underlyinf.. volc9nic 

units is drown at tht:: b se te 1-JreE!t bed of shle. 

In '!nny places, however, s}- •j inte.rton,:ues with nyro-

cLstic oC the rhyolite, shoTin,. thAt 

it formti,An and flully r!lyoltt nre -t least 

in part contemporaneous in age. 

the intertoneuin.- of t'ie ::it fol-vition -Ind the 

hully hill rhyolite le-.:us locally to ,Ivribie_uity and un-

certinty in detcr:Iiinlny cont,ict betveen the t-o 

units. This is espucialli true on V-,e lowcr part of 

the Peninula betwecn the Lqua?, dreek inc 

nms of .:barta Lake and it is not non , ith certain-

ty whether the cwrtz krtitophyre brecias ,no tuffs 

exposed In the cores 01: anticlines (pl. 1) belor to 

the rl.yolite or whether t1Tey are merely 

layers of pyroclastic mnteria in the Pit formtion 

uncle:T*19in by mop!' shale. Ho-wever, the nyroclstic rock 

in the cores of thee nticlines consists mostly 

of co!; rse frae:nent ,1 'oaterinl more tyPiefil of lyro-

cLastics in the nully fl ill r'volito and t'erefore 

is correlt(d thr,t forgiation. The large mass 
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of ,!,cttithacitc 0. (,uqrtz kkrtonhyro about -; mile north— 

e-st 01 A`tert!-:ou - t e.ine is • :-rd as . flor in 

it l'or.ltion but it be nqrt o tbe .4ully Y1117 

rIn'-arent structur',1 d15,Icordlnce between the 

fori!iti.)n and the rekkas ancle its.: in t''.c 

rcc? area is 1:)cql fer contldieto:7 to r(1-t1ons 

seen In oter nrtr, of the P,ap area tt suf:cect 

structar.1 concoe tet7o.n the lekkr?,s nnd 

the Hllly 111 ryolitc and beterl '111 

r!lolite rims, the it form-ition. possible explan— 

tion for structurnl (!iscur(:, Jlec in t e -;ove 

reek areo is th t materi 1. of the 1:0,kkls 

andesitc (.;7)c)1t.(1 stecp initiql dips ,Ald 

19ter xis covered (:.iecorii:ntly by sf-Aimcnt;..; of thc. 

"It form:ttion. 

ThP tickness o' the it formrcti:in is difficult to 

e::Atimnte becaust: the rocko rare rather closely n)lecd 

Fl1";ot everjthere In the T:!lp aren and bccause o the 

intortonulnF of *ft Hill rhyolite rith the, 

Pit. Voww4or, a cross section drawn IT.HT1 ::ecor!,3, 

est. to • oeks, the only nlace 'here the top of 

th it forwtion is expsed, sent; thickness 

of about 5000 feet (see B—T', p1. 1). 1.11er (19001, 

7). 4) estimtd tl%o thIcknes to be "somevlIA. over 

2000 ft:et'. 
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Lithicy 

:hale, wudstone an -4;lttone:--*.v,roximatcly 60-70 

)ercont of 'it !'ormatirl 7ludr:tu-e, nd 

.311t6tc)nf31 undifferritc.J Dn nlate 1. The rocks 

prerklit t!:Irw-hout tc. ortion but t:;* arc 

proably abun6:ant in the urTcr t ri n the locr 

tlart. udstone for!, buds t1it rfine from 

a frction f en inch to about 2 fe-et tick; 

b.d ir parated by planes of rtine or by slA:!,.t 

color dll:ferc:ncese itto,wt1c!-i is mucl, lesr 

abundant mud!4tone, forms bed Tiuch 

as t3 fE-et cc)1 •r o: S 1e, udrztnf3, 

an',J siltston5. ran'o rrimc,dium rry to black on 

fresh soirfices; weqtered exposures are cxrrnly riwdium 

dirk rrqy. 7c):70 ith1oi ave fnint laminntion. 

l'oorly preserved ar: c:xlion in sole of 

the darker 6L-.1e bedn. or oblite concretions 

as !liuch es incf-s in dilmetr arc present locally 

in foLs11—be1rin 1Yrizonb, 

t let to bedzA of u2 nellet con•lomerte 

re irbeeAdcd ,Nith shrtle rest of ..;reen tfont'Ain. 

These bedn iron l to 3 fcet tick and hrIve a 

strike l.rit. of about l mile. 

Thin sections so t!-4rit te stA.es ,an6 muthAores 

are coalposa %•Incipfilly of xcnomornhic 27;icrocrystulline 

cubrtz, cqrbonnecous fine—Fralned *tit° 



mica. .s uartz co .monlys. u-) t ncrcent 

of :Lost thin :i-C4A)ns, -ueh of t.le ... ,:117t2. is ir: wjt c 

fern of irrcAllur clotf.s. ,.Ark brvr, to 'Asuck e(ir-

bonnceous mtcri:7L1 fomw clouCy ;wasoe loc.111y 

iT:to lrat:or cicini7etc !J;:)n- tmdding 

white Mica, leucoxr. 

chlori te, nyl'itc, and lionitc., fire minor 

cnont,Aits i':.rep!u1ar distri- ution. In. adc',itio, 

1: rev, :tudfitent,s i19-!tAn spnrvc, tiny clists 

of quqrtz f.,Ildflpar. The elr.st5: nvt,race about 

*05 rAm nerosv, :Are tri.lr%edly angul,ir, Ind sr. 

GU: to mrArJI in 111 sliucr exn:Aned, cocks tit 

cant,ln ras =oh as 10 or 1.') 1:02:reent of class is quartz 

and fel6spqr olasts nre here elased as siltstones, 

t,reIn some siltstone;s th*- feL.,par el awtr albite, 

while in others thby rre irlciesine or ]!ibrldorite. 

One tyre or slltstne, which fomiu bed al;out 25 feet 

thick, cunt :ins aburt cJitenly kAstributed -Anil white 

s')ot abotA 1 mm in (11,1 r: ter, co-,nc,sed if ap7grel:ntes 

;‹, naz,sorric microcryst ,111no qu.irtz. 

rocks:-...pproxitcly 20 percent of the 

it 1- orly:iti:n 1a pyrocl.stic rock, inclukAn crystal 

tuff, lit'Ac tuff, and tuft brecci!l. Thw;o volc'inio 

rocks forn beds ranin, from a fwo. 1re',Ies to tore! than 

100 feet t'lick. Thy are interlayerod with slc, 

mudFiton, ciltstune. thr!_ltv•tou the fortIon, and 



 

with quartz kenitonlvre !Ind Lic-.11y 

in the 1::rfat:;:r 3,:-.)=1.rt. It Tris not nolble: to re the 

lavas from t- ,(; 7yroclnstic rxV ev(Jrrittere. in t field, 

an3 therefore sozni_: luvn is InclAd,',.d vith thc 

rocku on r)1,•;.te 1, crspr:-.citilly in 1-oher rt of -

fOrtnatiOn 101.11- 'ully Pill n,nC, also n,Yrt:,:ity,•en;t,0 

of V,c .fterthought mine. In V e us7trIv1.110 ;:anyon— 

:rock :''ount,An area the outcrop pattern or volca!Ac 

r:/cks in the formntion could not be detcrmined 

owini: to noor outcrcinin rrkcd lensins- of the beds. 

The nyrocicistic racks co',. ,-.Dnly medium Frny 

to dark F:ro nisl'1—rray on frcsh surface but wentl:er to 

tannish ,.rty or 11,-.1-,t cray. T`-:e turf brecci,,.s 'nd 

11V1.c t..iffs cn:-- ist chiefly of qufArt7 kerntonlvre, 

1;.:)ratonhyre, metadaoitc !b,!le, end mudstone frnprnents 

in a tuffriceous .he fr.t o1 volclnic 

roek5 renre from e11 ro :need to !.-trL,-.=:1'ir, v!lerens 

!Ind nrc clon,.nt(;. "ol— 

cliic rock fr-i.:7m(In.ts rce frr i fraction of 'In inch 

to about 6 inc7Y:::s in dilineter, 7heretts fi nd 

uctitone fnteraentLI -.tre as much as sever feet in 

maxiulum dienttm. eddine unco.n.,on ifl cy.;t tuff 

breco Ii: nd ii tie tuffs. 

The crystf.11 tuffs and 11 ic—cryit 1 tuffs crin:Ast 

01•:lefly of plv.0ocl3se clnsts ri10fl. ith sp,:,rse qu?-.1rtz 

crytitql cl')sts and sparse 11tc fragments in a siliceous 
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or eiloI.itic f:ryetql clts .uch as 

in diaa.zter in beds but t'.c avcro rrAn 

size of .noct tcs i about 1 iu.At'in e ;Avon bed the 

olasta Are predinantly the size. few beds are 

.7rldcd. tly prtAoma. 

irritc over t1;e 7,_trix in ndl the crynt,11 tuffs. 

Thin ;cic •n- o tiJat the crit'a tlIffs nnd 

11::,:ic-cryst-, 1 tuffs are of two m:iin ocz7.7)031tion!il 

tjpes, metitticite nn(": keratoPhyre. These compos-

itional tyncs of coqrae cannot be dll'rerentinted in 

te fl(16. avt!Ancito cryt,A1 tuff fr.):a the r' 

of sc!c, c•'4 - • 2 ., 17!-.1e1 I fairly tynical 

of ;J•eoun s conistv li)rcly of pincloclase clwts 

mixed with a few tur11rt7. cryst 1 clqsts und smIrse 

lithic frarmenta, in a Tmtrix of chlorite, fine 

Fralned rinits microcrystfillinfF. f7unrtz, cAmito, 

eohene, leueoxen s nyritu o and 117%onito, he p1 "io 

claso clasta i”.trwe in co -osil,lon frtY:i :11-;0 to :1151. 

"any shoe norm61 w;c111nt:,-)ry zoninr; norr, are exttr,-

sively veined and renlacil by untrinned albite. 

die 0,uartz kertItophyre cryt31 tuffs differ rout 

metadacito tuff in th;.t te f(Adc.pr clnstc, qre 

poorly tvAnned albite rather t1 plplcioclIse or in-

termediHte cwiposition renlaced by ?klbite, lnd 

the :Atri.:4 Is comaonly . icrocry3tallinc qtnrtz or 

:7.1crocry3t -illinc. secondlry minerals 
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in t!-Ie '.re c'13121c, 

L'ucoxent.:, , re, 71yr1t., 

proportion or lialrtz crystal clrists tp fti_dawir 

is aroxiamtely th:. IfTr:ltor•Ilyre 

,urn:, as in metadneite t!iffs, n o cry— 

tuff frxtt tf? u7ler unusual 

in tlmt ola8ts -re clouded .:1,01 tiny f:TAns of 

clinozoisite. 

jay rlows:-- urtzkeratoplvr anC. netne19.citt ?Iva 

folnis 5-10 percent of t'c 1t for:a4tion ex!loee:.1 in tc 

mnp *7. e 1.rest body of underlie -

1 squo:o 1lc centcrinc in sec. 2, T. 33 1-;„ R.2 

several smallcr cron out ner t`'e end of •te 

pcninsula betze,:n te quaw Creck and it ,.ivf,r nriile of 

:last Lake. Other nows, not sellnrlc fr nyro— 

elastic rocky, nrc p7.ent In tL lover rvirt V‘c 

formntion south o 'u11y 1:111 arid north of t!.;e 

Aftcrthou t x;ine. 

The =DB or lav6 tl-iat is lfatFcly in sec. 2, T. 33 

N., R. 2 Is princdly massive rock contininc 

abunrInto unevenly dlzAributed feldsr phenocrystc 

as Iluch as t mm in dimoter, in less abundant ,,1:11rtz 

phenGcrysts in t zediam 7r.4 to &Irk ,,,i*eenIsIlisgry l, 

aphan1Lic -Toundm'!ss, proc,subrunded f'ragment:,, of 

Livn meaturtv: a few incb!is in kAilnirAcr irrec— 

ule.rly dir3.,ributed trou,L thc, mass. Localljo the 



rocl,: coLinos“! entimly or fr,Aentr:. 

ihin sections shoe. that the minernloy or tho 

underlyti: 1.3f-Je. 2 and adjAnin. 

diffcars mfuedly fro :A,7,ee to 21ace but tte toturs 

remain 1b3ot s4.1..1c2. ;i_c=rtwet end o'7 tiethc -

unit t':-. e rock c,Int-ilris r'1.1rtz r)hc.nocrysts 

as :such az 5 mr-. 1 , tliter, n:L.1te ralcron!..!enocrysts 

as much as .5 1r); In Cimneter, in 1 felt' 7.roun,.1 -flas 

of albite 17r!s, stle, !nd lcucoxene. 

"inor q..:.unto of eqlcit, prehnite, nn;:, pyrite rrplace 

other .- s.lnerls in soar slides. 

:bout 1030 feet lore ht7'Iviny no. 290E, 

in the north—contrU nq't of sec. 2, Vie lava contains 

2henoorysts of 0:3,eillaz;ory zoned plarioclase (composi— 

tion aUov4t :1150), a felt quartz phenocr;sts, 20-25 

percent oll.orite, 10-15 percent :one 

sr)hene and leueoxenes clorite, nnd calcite 

rwIlnee Ilnocryst!:,; xnno. .ornhic, 

crystlline albite forms part of tiv: :,.rounc!mas. 

:peclm-no miner,i1o:y were c X11eeted 

froT;) t13 extremc ea 5 Y. rn part of sec. f4nd frxa the 

westorn Tylrt of sec. 1, T. k: • 

F;octiQns of mflteriql fro rod cuts nlonr 

:11(''- vay no. 290T.„ in Vle snTr, bod; of lay., con— 

sist essentifilly of n,uartz anC nlbite phonocryst in 

a groundris of x‘noor')Iitc, mierocryst%lline rivartz 



 

 

,p-oe te finrtre.i rev near the end 

of 1; ii bet,te,:n tht, *cck and Aver 

arzx r1 to by shnle (r1. 1) 'inC -‘1‘e terefore 

mcpred !t3 Ivrt of VA. At forrar,tif.:.n. !:loy Ere, 11,':t— 

cren to Jlive—cr'.iy rocks cont-..lninc vf,ri snrsc, 

tiny quartz phenocryf!ts, end rounded feldspr crjotals 

as muct ns 3 mm In diameter, ,such of tkAJI lf..v hfts 

a close—rpuct.d, nity that 7)3-.211els the 

bed:An '• in qdjDinin 

Thin sections coV, thfat tYlis lrom cont! ins ar!:Irse, 

corro,;cd quartz anti !Albite cr:.7(It13 In a tract;— 

;*,roun, ;: intcrstitial.mlif3 of -1.bitc lates 

!..nor co!;Iponyntt; include cnorite, celadonites 

sphcnc, leucoxenc, fine—rruined tite ranc 11.non— 

ite, !,ildsnar .rllt..nocrysts am nErrly dart' Abito, 

Limestone:ever I lenss or iiH,t—ry,ly :Pmcvtone 

containing nbunoant fosslls arc e3(no3d in the extre.:ie 

eartu.centr.1 Trcrt of the mnp (Iron, nort of U. hi(741-. 

wiy no. 209E. 2!'e limectont. lcnnes niru froe.71 beds 

1 foot thick an6 10 feet lonr• to bcdg 100 feet Vick 

end nt least 2000 f, ct lonr, Individunl lenst 

sepirnted by 0121(-'. bcds zit in t'he linw.tonc 

lensee fire conosf:d c':terly of small brachlw!ods, 

ammonites, and belemnitGn r muchl as sever11 feet lom7. 

The litstone wr corrclated with the litholor— 
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ically Locsc13 limvstr_pn by L.,111er (1:2'UC, 

p. 4-5), tot It in here considered 'ts p. rt o`.' the 

fo.mltion because: (1) te, lirt-Aorto in intorbedOed 

:!-Ilf!s an - tuff t? t r indistini.uislinhle from 

tosc, of t,e. for.T.:?tion; (n) nf.e of frAunl in 

iti,estone lenses i.. "1 d1. iverecis *Ole 

'ossclkus limstone necorilln- to Aller (1906, p. 5) 

is of 'ir)cr -1-1,Assto uFe. 

Jor*ditions of (lenuzAtion 

j'encwition nrobably took place ir. the neritic 

depth zone, as is in,Aetcd by the nrc:,cnce of ammon-

ite: oter shallow wetcr m.!rirw orwinisir)s throuFh-

out try fr1J1 abun6neo of volcanic matcrill, 

em?eetlly the viecous cilicie flows in the loT;cr p_rt 

of the formati*n, necessit nroximity or vent!:J, 

and therefort, of denoAtion eont.Annp. scttered 

volcqnoes is postul(Aed. :'he distributirm and com-

nosltion cf volcanic roks suf.,evts that the Ev, le_ vents 

v,Lich tNi ;31111y 7111 royolit?-.! wis extruded ‘c! re 

the sol;rce of the v 1 r r.1c :atvrii1 in 't lest 

lower part of the !'it fortion. erne vent was probably 

In t)IfJ vicinity : 71.111y Fill, Iroter wris north( , st 

of te itorthol, t nine, and i tini was near tl.; end 

of the '.)eninfn bntv:een the ,,cluor 'reek and Pit 1.iver 

arms. Khotter these WI MO volenos were Intermittent-

ly active throughout It time is rot knorn. 



Co1lotin o1 fonlls froT. thale and limcsLone 

bed:, in t.ci l'tion are reported on V john 7. 

efA.O.e o tlw • 2. olo. Icl jurvey as follows 

(1V51, writtfrn counicntin); 

The pre:;erv.Ai'm of .cli of L''.0 is 

such as to leave identificati3n uncert'in. Neverthe-

lcss, It is ny bf)rit judcment Lat it in of :A.:(1.1e 

rinssic ve. J. P. Cm4th rc-)orts :;nner .J1nd 

fro t tlalc, but I o not find 

':ere t!;.c rw-ms h repor0 for 7.7pnor TriLrtc." 

ot' the fot;slls detor:41ned by iee5-1(18 Follows. 

ru.nbered lo•lition are sho,In on fI. 2. 
U.S. Geol. 

Acid Survey 
Yiumlior vauna 

C-120 23ZU.,3 40Gtone frig- Juvenile amcnitk2,s, 

nts in tuff terzined 

23:314 Limestone rynchonelild 

livic'-,107-)ods, unnamed 

utomocerrio ? sp. 

cotes (Proorcootes) sp. 

:;errttites? of. 

th3rtiis Lraith 

Cerutitos sp. 

C-214 =lb Lirwatone Ceratitos (iamcoratites)sn.? 

.•rcet3tes ( ararcostes) sp. ? 

https://A.:(1.1e


tanford 

who rcnorts thu followinc fauna (1951, oral ccunica- 

tion): 

Hnlobia 

Halobia sp. 

Trnchyceras 

Trachyouras s 

Dr. !uller Uelieves the evidence to be filly substan-

tial that this u4ateri,:t1 is of Upner _riassic aCe. There-

fore, the penerql area about sec. 36 may have bk.:en a 

tono,F,raphio 11101 during' Vide lc 7riassic time for the 

.beds contqininr t'- d.lf,r1 50 feet ;ese fossils re test, t

. 34 4 ;, (field loonlitics ,-434 rtnd 3;-437)h. 

were exn:Aned by Muller of --tanford 

who rcnorts thu followinc fauna (1951, oral ccunica-

tion): 

Hnlobia 

Halobia sp. 

Trnchyceras 

Trachyouras s 

Dr. !uller Uelieves the evidence to be filly substan-

tial that this u4ateri,:t1 is of Upner _riassic aCe. There-

fore, the penerql area about sec. 36 may have bk.:en a 

tono,F,raphio 11101 during' Vide lc 7riassic time for the 

beds contqininr t'- .;ese fossils re test, td.lf,r1 50 feet 



 

above the bu;c: Vle it formtion. 

flossolli.us lirieztone 

:he l!ossolkus Itiene, of n7.-)1•7 riassio 

(Illf_n7, 190e, pi, 5) is exTr:ived at tle: nortst boun-

d,try of thou tArerA, whcr ,, npe'lr to conformOoly 

overlie the -AA forilHtion. :uncl*fici,,, 11y, the Thnsel-

kus rct;eTbles the 11 ',.stone in Vle it formt,.tion 

nor the Eouthca:A, o: the tren, north of the 

'ftertui-77t T41.nc, but the !7osse1kus lit':-:olocy was not 

stu:Aed in 

Intrusive r3eks 

Intrusive rooks in the Fast mnp are: 

clue In aJdltion to the rAnor intrusive phases of the 

nvltiklala rhyolite, 71111y !All /0- yolite, and Deklk:as 

andeLlito already ifIseribed; (1) a r.:Al ;took of co9r3e-

leucoertic rock e,aled tine hit iver stook; 

(2) nn cionegte, irrellar mqsn of medium.-•!na 

::rf:inc.d quartz diorite that virtually our the 

PeCloud limestone, (3) numerous tabulnr bodies of 

quartz diorite, diorite, Ind mctndiabase; and (4) a 

few taiPANT boCio or pr modlorite and aplito. "ost 

of the intrusive rooks ter' in the western part of the 

map area, west of t h b(Ilt of vole, nic rocks underly-

ing Horse nno Town rountqins. 

https://flossolli.us


Pit ..(.3r s'ucck 

Loction nd r(7141ion to adjacent, rocks 

.:'he i,tock (1n63, 13,31 1 p. 1) is nn 

Intruf:,!.vatQV tiout 3 :111ez-. I 1 - A 1A., wide, 

1-4:.c Vac .;on 7rtm 21.0— :;0A" 

nortlein, part of td( stuck undcr1io:.3 LI1Jout 1: square 

ci11cu In t'.: vicinity 01' It brie. stock 

cor-t3ist6 c'. c.f1y of cokIrr3c ,.rrlIneC, I cocratic 

r'nuLiorite ,n- Jr soLe nlrices it 

e.mt. inc i',cluelone of 2,yfic roc.Es 

-Alth t1 e componid;:m or hJrntlenQ cit:.%rtz (io;:ite. 

T1c it tvar 1„,3 r r tlartz llornhlonde 

diorite of 1,111r (1006, p. 8; rc i litlioloylcIlly 

nillr to larger intrusivo Liclj, the Thlc 

'r.)unt, in stock p. 105) (1,inke1, fAnd 

001rn, 1257, p 43-4E3) in t '1-last9 conner— 

zinc Cilrict. 

The stock intrudes -aird forhotton tIth n 

tr-ns;.ror/Give contact. A*Itcs cont-,ct J5 r,- 11 exn(yAld 

in rtAlrok: (utf; ju:Jt rk)rth of tLe briOce, there 

Leddin: in cal fatly .riornfcilscd !..111C1one and tuff of 

thc "nird dips southenct„ ard the irreTulnr, 

contxt dipv nort, wlopVseo 0.,()(4: 

extmc; It lecist !() fect into the HIJrC, 

like Uodic: udatone nin tuff lrotrude into t!7ie 

intvraiivc rock (fig. 10), in .sorie places the intru— 



u. S. Geological Survey 
OPEN FILE REPO~T 

This map or illu::;tr2tion i::.; p:"'-=::L ··,inary 
aud has not teen e 1 ited or r•vi,,r:t.d for 
conforwi ty with Ge0lo 0 ical Survey 
standa rds or nomenclature . 

1. ur 10--vT' C ~ C . ..i. t J : Jr~ ul• r C v'v ot b .., '4\ CJ t 

, it ;1 y .1' I., v C t ' • \(. t ... i J' 1, I • l;. C n 

j i; .' . '10 U '' r _,, ; f;J of 1r! • i ,, '· cl 

t "1 r1,. •I, . !' · t '.J. V .. j C J .l JO t,t . i h . 
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sivo is slitly r Ycd ncr tc.! contet Jut 

i ir 7i!on1y not. 

!!1 extenrJic.n o the 7it 'Avor 9too t Vle north 

'JoncrIth "olvItin in st.1 - of:t(A by to wYrthward 

(117 of the, contot at t,47/ and by to nbun-

dint dikes of r;'..virtz orIe, 1Iodlorite, 

a7,11tc, 1.urlunt n'14-ctz veins :)1.1 

j' 1rIc -ountain. 

T1to1.o. 7j nnC pctro:-.r3hy 

''h' It 17or stool: tn leueocrltio, 

rocs cl)olle.fl 3f 1:1(liAntr, quartz, in oub-

ordinate forr,Jmni7nestan mincr113. TM vorcwo 

ls to 3 nra, but facien have a lioi,::opor-

nhyrin textur formod by tts,e ocoArrenoe of trre(!ulrir 

botes of milky wIrtz as moo qs 1 cn1 across contqin-

noikilitio inolunio!1:3 f'cidvpar. 'Mc AcrJsoope 

shcms t%at mc,:t of t.' j.ucc,crrtic ma}. is .. ranoc11:)rito 

and tl'Ato ThiJsetopnrison arc tronsitioniA 

Triel int177.- uft31hab10 in rtnect-rion. 

out'.1 of te 'it brl -c ntock crtAnn abun-

Jnnt Nenolithe of intcrillte °Inn() holocrysta1... 

.lino rooks rnnill!=:. from about f'n Inc; _tich as 

to foot ln 61anctcre ':ost of V olit145 rirt well 

roundctd but n few nre talb%n-ular. Toy ejiL1i., m7Arked 

vnrintione in mirwrqlogy, eic, and ftbric. 

https://cl)olle.fl
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'ost httvc i,. a comoov,1 tx.;,-:.rc of horn!)lorde 

clorite 1.111t so:!4,J tre Etopt!d tho 

wird t'ormtii.:n mcr:pr111.7.&1 to 1-„)r7:f11P, !rC Vlore 

are. intt:rmocUlte xonolit'is could 

% -;c3 bct dorivd f%)rmritione 

Sharp...wallcd anlit dikes, corfe:tonly fow inches 

to foot t'llck, crit plv-ts of the ftock find 

adjfAccnt wall 

Granociorito 

soct:.ins nhow th.it r:noV,orlte is 

tynic!Illy 30 to 40 nrcont ralrloQlame (t4125...;d137)„ 

10 to !X) porcont ;:iiercrorthi, 35 to 4 poreent quartz, 

10 7)crollnt hornbinnde ,Y11 TAno; 

a!71.!'.!tit,o, finc-7aine raic, and 

e7.1,1ot, texturo .!1;flidloorp1110 rare 

with t(Jidency tovird nornilyritic 

mz!nt placioclase. 

'-T1-11 *Allnglocinse iz in th of subhedrn1 crains 

eo:7o-11y aholk nom al oscillatory zonin, with 

sit ht Ciffcrnil:ce In oompo$ition Lotoon rand 

',6Vt-Yr o htric irr6f:!ular rinui 

of rlirly pure (vn,. of-h': sv rirc veinod 

by .11)1...o.:# .111c3 :-Ablto 18 to) be of Giter 

deutric or tydrothEirni orlino 

cr) ,Asttnt: of ort!l.oclasc; with tiny 
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ZaLle 3,--.nalysic of partly ,k1kJitlzou -ranoi3rite 

ft= Pit : iver stockl/ 

Lab. no. 524..1657 

'ield no. 

LiOr, 74.0 

-1203 13,4 

1.3 

ou 1.2 

0,G2 

Gao 3,0 

3.0 

o 

3.1,o
2 0.30 

P„O5 0.01 

,11U 0.04 

Ignition zdal OpOg 

Total 100 

ilulk density 2.61 

l'ewder density 2.66 

lj Annlysed by rapid methods in labor%torios 

of the U. Ueologieal Survey 

Li Includes gain o to oxidation of ZOO. 

0.06 pereent CO,. 

Harry h11lips, Joveph Lowd, and 
latrine ::hitei analysts, 



voinicto of albitu par,1101 to cr,,,st 1.10 -ric dime 

io int(rstltlill to and fors ri;-1 ar,Jund 30:7;0 

n11:wiocLise crjot-an rInd occurs ac unrrlaced remnants 

in 

uartz fors noiklthic :Ilsses us mue, RS 1 cm 

acroso ond a variety Jf nJaWns to oter 

miner%ls, It it intorntiti-1 to, 

enclocies crystls of Tqui71s)clase. 

7'uch of te , ,Martz to ronlace fcldspro It 

encroaches on fkade7,Jr cryst ln :tc lobe—sh:Ined 

'1m cncloses irrfwular remnlnts of icronertite 

tint tave crir7ion privntrItion. 

Oreen hornblende and brown biotitc are about 

equal in overall abundance but t:telr relative abundance 

differs (re qtly l'rm place to pliAcce The biotite Is 

in pArt an altur. tion after hornblemie. grains: 

of hornblende shot blotchcri of blue color esnecinlly 

near their ends in the vibrution 6irccti3n. This 

stk7cest an npnmciable nlaount of -!et,,,0 In Vos amphio. 

bole. !!,inor chlorite and epidot r, Arc Ilterition 

minerals ufter io ti is an6 )lornblonde, 

Ifornblcindc quartz diorite 

7ornblemie quartz diorite occurs in tic it 

!Amor 1.tock mainly us x6rtoliths in various sWes of 

asc.thilation recrystvJlization, .rid hence the 



 

varietal name hornblende cuortz diorite includes ivert;c: 

textur'll and minQr-.loiicl tjns. 2hin sections cnow 

:Icist coarser 'rained xrnolitl:!; cc) A.st of 40 to b0 

Percent placloclase (An, ), 25 to 35 percent 'lutlrtz,05 46 

25 to 35 percent lornt;lende, ane rAnor ort'oclase, 

biotitr, nvArnetite, fine— ;ruined white mica, clorit, 

an,.2 epidote. The texture is hypIdlomorphic Franulct.r, 

Polkilitic, wit irreguL;r—shnped ,7.:11rtz crystals as 

much ns 1 am acrovs enclosinr .alaciDclqscL, hornblende, 

and mnenetlt. lo in the ''orm of ouheis. 

dral and vubhedrAl cryst is alny of which &, ow normal 

osoillatory zoninc. llorW)lende forms subhedrca griins 

and has tile fcalorAn- optlera properties: 'r;extinction 

anc,le « o 11 ; (—); EV282; X pale 07cen, 

Y moderate ereen, C!, brownish green. Clorite and opii• 

dote c_re minor nitcration products of te 

3ome s7)ecimens of hornblende quartz diorite aro 

partly anitized. In a pornhyritic facies contra nine 

phenocrysts 2-3 mm across and smaller crystls .3—.5 

mm ncrosn the mt.11er (re inns are nearly pure rilbitel 

poorly trAnned, and clouded with Whits mion, whereas 

the phenocryst3 show oscillatory zoninp, and have !An 

avers ?e coposition of In a few places !trouncl then4t 

edges of phenocrysts the qndesine Is replaced by albite. 



 

pranite 

In nlqces gr'imodicritc grades into riluite vrntte, 

n leucocratic rock similar in hand specimen to the 

ain sections shoe the -11bitc 

to con:',ist c,f bout 4. perent lltity, 40 nrccnt 

5 perce nt Aotito, Anor chlorite, enidote, 

leucoxene, celadonitc, fine-r. white mica, kaolinite 

and rutile. The textures granulrx, 

ThL :Lbite is t.inr:;d !,,ccordin, to rlsbad, 

and pericii-e-acliE, t7inr1n laws, but some i:rains 

nre vtry IlJorl:v twinned, with irreeularly spaced, dis-

oontinuoils lamellae, .LAtinction nns X' C in ne 

xone nor:a-1 to (010) rqn_T from 15 to l6 de: rees, md 

refractive indices for all optical oric'ntations are 

lcss than ;'‘finada balsaiii. These propc:Irties indicte 

tt the ftldspar le'4st sodic as ion, 

olartz forms bizarre-shaped blcbs, lobes, and 

veriform msses extr;!;ively renlacinT ,Albite. In 

nlaces t f'orns n pseudoprhic 1nt rroth ith 

albite, and in oter 'laceLs it renlacen Abite 

llorw crystallonic directions. Locally, the 

quartz in siiIply interstitial to albite. 

Liiotite is in the form of aggrcgates o 

flakes Ty:rtly alter to chlorite, enie,ote, and schene. 

Cine-rained wite Ada, ccladorite, knolinite, and 

ellote ,.re minor Aterations of 1b ite. 



 

The :Abite i2 internreted as aliAtizA 

:1• - nodioritc. In its textur, miner-.Logy, and liVolo-lc 

%ssoci,ati:)n3 thp nlbite here describcrd is simiLir 

to thr rJblte ner decribed 

:ty illuly (1933), en6 interrrcted by to be of 

replacement oriin. t,i l .t1 recoEnizO zortcn of clta-

elastic texture in t'r,c. albite /“•:Inite ncrtr Srr$1rt5 '11(1 

used thi.: ct-ic1;:wtic texture to deonstrkte the stne 

of slbitiztion nrobn51€: channelways. !o c-t, alb 

cla7tic texturef slv7 chnnrelw,ty 

ivinv n clue to 

of %11Atiztion (i.e., whether 1" to magmtic, or hydro-

rF:coenized in the it :iver stock, How-

ever, for rerwons ;- iven in tht: section on albitizatiJn 

the albite ;/sanite is believed to Ilve resulted from 

hydrothermal met4morphism. 

The milky quxIrtz, vvbich enclosekz feldsnsr 

ferromagnesian erystflls, forms verTiculnr inteivrov,ths 

feldsT1r, Hnd forms lobe-abapef..t embayments ag91rat 

feldsnr, is as nound%nt 11 thL: untilbitized or slit;litly 

albiti7ed FTsnodiorite and quIrtz O1or1Le as it is in 

the albite i:7ranit,.. It encroches on intedttc 

Pla00c1t1se nlblte olike, and scecn to have nreceded 

and to be not diructly rAlted to llbitizstion. These 

features au_ A'st thit it formed Burin the lst staves 

of crylltllization of the wIgma. 



Contact e:fGcts 

lie o.,1f etior'h1z. e 1euJ r I t• to .17. .ru-

sin o: Vic it iv,r StoDel: 1; t rcryz-A llizetion 

of tu::s o' 1rd for.yitiJn to bottt-ollocl'Ise 

hornfels In fi r1,2cos i tHL,. t.rIrHrJ 0 

Intruslvt:. 7hc sNidV of !-..or-f,:ls aureole 

is about 110 fet, or t'- e -n.1' 1,-, sec. 3?), T. 34 

4 -.; in r;ost o1ce t qure,11c is ThCS 1Pcs than 

100 fcet r:;et ...ornhls':. little 

Age 

rho ai;e of the Pit • stock e'i.mot be c/oeely 

detIned from rintions in the :Lap areq 07-:inf?: to 

tc fuct te stock intrudes only the :aird for-

rxl -ction of 1 11 Iin L:77e. :t.refDr,_., from dircct 

observation at)tot 11 tht cn u. .lid is th7. ,Jt t: c 

ctue),, Is post-'. 1:.sisIn7q1n. The ttock is ..1.1t s1LIt-

1 deformed by fa:Ati-,, formation was 

fol6d befcIrc 1_,Itrusi9n occ-Irrcd. Other formations 

In to r 1 r1, Includin to as younc qs the 7otem 

Vorrrmtion, which accordin, • tu -anbornj, is of erly 

' ,Anborn, 1.bert, 1952, The geoloFy of theJ 
•it -end are!I, ,.;ounty, Cnlifornia: unnublished 

thesis, :tYnfo.711 Univcrsity. 
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i :le jurciasic a:ye, undi,rgone /11311t 

deree i. deformtion cis tht: t! •t 

the time of de!'orapition vinci ubseuent intrutilon id 

not tke pIRce F1r11cr t!,A1 1-te Our4s8ic. 

The 7-At iz7 c:orrel.td on the bfisis 

of litholx!y v1t th: ui oont,An ritock of te .et 

district described by I!'.inkel qm; oters (1)57, 

p. 43-48), The 'ountqin stock is intrudcd t;y 

apopyseti of t're 'hastq turn 

la ovi;rinin nonc,nformably by foc,silifrous roc::s of 

:urly i•ct?.1c(. ae;ous CI%utrivi!In ‘r1(1 

ftecorCin, to 'Ands (1934, p. 190), (t !ivi,•sn) 

a6e accordim: to %-urc)hy (10tA5, p. 2098L/. If fillor-

ance is :cif,de for the time reuird by eroLilun to 

unroof the ha ,Rlly lit befor tbc 

tietlalc;r,t..? ihcre (;enowit, a 1te Jurassic rqt:-er ttar, 

any 2.rt.•ce...6 -we lor the bthcAlth seezi likcly. 

lchael 'urnhy (196) hs recently rec-J 
fincd cQrtslin LoiNer .;retaccoun str. ti!:-IntAc teAts 

at the northern end of Acrw,k,nto -1s 

lector formIt13r, tin sandstn( !Ind convlomernte 

unit thqt is non-conforbly on t,-; ht'A "tOly 

britl-:olith is of *.tutrivHn gge and incluos bcds 

rfcrre to 'is 'ldd1 ntIn6 Lover '7orsetcpn by 

• nierson in (Ands, 1134, p. 182-192). 

-156 

https://i�ct?.1c
https://c:orrel.td


 

It Dro::able Vrom rel.i2t1)rs t t')e 

It ' ivsir :3took %-s emplact,.d (Wring', Inte ,Thrwsie 

tvt.rt'oll., an 4rly Crt.,c(v):s c..!n-ot 

2.! J 'to 

.uf.trtz ccloqd 110stono 

The elongatc, Irrc, ults of intrsive rook 

thrit virtirAly surrounde the 'e1:/j ('p1. 1) 

le chlfly mlfAo, finely •ranalt:r to 7-)h.,n1tic, T. fie 

c'u'rtz llorit, subord!n..t-, iedium 

Llorlte. 7h1:1 :4r;;; of int,drusly ruc is n-rt uf -the 

qu-,rtz au-ite cliorit(, of 1,iller (1906, re 8), ir1c5, 

rpIrt of th etdin_ - dike of ::ide (193, p. 10e-107), 

At!.;in tO .4!io arca Yu!rtz diorite ,--1-11.3tes 

te Ye!.:L:ud ltlestone into a number of dincr:te 

and 11- o:,t evanr.y.hre Isolates tt lir:ipstone 

adjaccnt fortlunt: of sed1m-nt..r7 or v oriin. 

The rl,yre ice- tion of the intrusive eJ)-qed 

7,ith MJJ .AFleor0.!-Inct, bctween the -cloud 

limt,, $ta;1 %6,110._nt (rlio 1), LureEtis 

that tl%e in:A.7nAve in pirt occu7,1s1. Its '1 tete 

limetonco few dikE:s of Quartz dioritc th tHe lime-

stone A.so lre LtIon, pre-intrsiv(, faults. 

Litolot'y end ptror-rclphy 

vflo ouartz cliortte:--ost of tho 
fOota 



1ntrut3ive cA.oud lirncztone rid 

5cir'.7,.t1.7.. it in ciocr te b1oci:4i le non— 

pornyritic, 6-,rk rcrii s,riykiurtz 

a finely i rtir:al:Ar to .:nhanitic texturz-. Th1 icctins 

show thit rock con6ists nrincimal; ol 

clames c,14- rtzt r),:-!vretite, nyite, 

snhone, 11,ucoxen(, and ur,11Ac .71inor 

conctituents. ;:hlorite, enidote, finc—ined !ite 

c prohnitc, celonitt: re cJT:norly 

nr.snt An, -re lielly abndrnt 

:'ors about 50 ncrcent of , ost ttin tections 

offIc IrIrt7 diorite. le1tu is 

noorly tinned :,1)ite f;troly 'lt-d to Pine— 

(.1-1rFid white rniei nc t'in ;:loction cont- lns reTrrants 

of rind,.!eine crir,t-ls surrounded and largtAy renl%ced 

by Latitc. 11,1,,ce un 5 to 25 peroent of thu 

zunfic ,u2rtz ttite constitlAcs about 15 

oercent of slide. 

The maric 0.19rite lo ;JIltred to diffcring 

deroeo of int'neity. In 1:.o7,e ecimn mot :;f the 

ori7inal Aner,A.LI exclert Aelolls, 

is altcre to lL 1 t, Allcireas othcT 

qlmoct entirely of !pc,cond:iry 

of an extrellely altered dike in the ":(,1:.)11d limestone 

conA,:As of atr;ut 90 peroent fine r Ined .hIte 

mio f7trIC, rnants of unr niced qt.virtz 

and abite constltutin t}7 remainiv 10 percent. 
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'ediura •-rylnoc: ;, r , rtz. t,€:;—.Yedium to 

1tIlt . 0 L. .:u!-Irtz 

crot.)n out% ;. 1'.11r1zr o.r t. 1rtsin 

25 ar .' i., I. 4• (p1. 1). 

is !Julocry:31,- , .1.1. '7“. it'. n i..c r !'r 

1 to 6 sect! .t istb tyni-41 

c ily of aba,..lt ;50 pero!'ri': $ :.7!O to Q :rc,: t 

qurirta, 15 to 2G .1creent --rr! te, 

rnet,te, lcucax.en, 

(-t•trnt t, tc• kno-

11.11 t.e, 1nt- • :.)A, Coon text;r I y idio ra r-0-1 I 0 

It le- ly ax- tintious ::uirtz 

pr' in as much 8 8ix in di ter enclostin2. 

nrteked cryt'i or 1 nu,Yite. 

The pingioelxise in ;11:1o. t •711:1. 87eci ns cx.rir;ined is 

of tro co .nosit..tons, 'Mc 1-ruer cryvt• 1 ne rrorn 

.', n32 to f\n4s. '!any of these cry:-, t..ls k °soil-

istory ?Ith ri:ne zi.k.1 -!.t1y more oIe tin 

corc3• esmaller ran:1.ocl#18€: crypt is in :roFt slides 

are ty-trly nurc aU_A te el -,udod It' 421,r1(•`i-7rLli nod. ite 

(ryst•.is !Ire 

tv,inned. .,u. 

s 1 111M sorost-'., nlet) occvre tm-,..} 1, rounded 

poikilitic'clif enclosed in plqgloclase. Its 

o;)t..ic 1 'Propt:: t.I, tetormine6 01 ti universnl str.Te, 

are: on*-1 c 1 ; 2V=92. ; ex tiro-Iti le Act.42. • 
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:e. , 1-tif • 13 • U;• te F! 

I' in , ; : • L a 

12L1, n. -410). It ntirtly 

to ur-lltic 1nC . Ilm,rite ?fin6 

. -.3 in surite..ritinetttc form collledral groin:-: ,In(! fill crc, 

cr..irv,. 4reround' (2 Oy leucoxene. snd 

cM.oritc; sre {-1tcr:AL-;n products of flf.1- r :••] 0 

occur, CrtIctur fillins. 

!-I:net is e :-.1ner,:d In ::ior2t slies, forAnp 

$ciatcred, oulledr:a 

The dibtribution c.,..)ociltion of t,r medium 

.0 rua•tz it 

h cour:Jer tt: fine ,;iiInt.d 

fuurtz dieJrite. 

;-e 

encl si7 V. -cA.oud I.J.cstone 

is of sr•:'ou,12,1,1! Le.tte. 'The c...t.eirtz di...;r1te 

in nesu:mbly V.c _. It 1vt r fltock„ bec%use 

dIkg:s flne-gralned mafic lunrtz. 1 lo:ite cut t!Ai 

stook. 

!umelrour dlks o qurtz Aoritc, diorite, f.J.tn-

dl'A)6e, 1r1 L:qcitc norpllyry, nng< fey; di.e,eo 

cranodlori cr.) ou in f.,(J testezn prt 

of t!--e y4, area, e:tpecillly wot of intrusiv, 

!W enclairw tne !7caoud 11%1E,ztono. "ost are 



  

 

eteeply In;)linc or v • rtAcA.; low anles. 

trikes Vrom nort't,,et to ru:rthee.st but V-1c: 

(10nl; strike I n0'1,'10:'?St (71s, 1 ,Ind 3). -ot of 

t: c di oce•".:.! J-1 'fr,ult j,siints. ht 

ccinuous w6re ,,rqccra fur - .1:1; 1 .11c 

T'1(::• ranpe fro:r1 aout ccet to about 

500 feet. 

7.J.rtz dioc1t*, 

o ' ount5lin: VA? dies In ti,.e 0° ricn -

area are ri-e-!:!rainc- :7:LYfic irtz dlorit. rcw 

c.JntAlnin: no qu'irtz arl(: 

tears still, V.,: -31t,,rGd p an intr,.rnnuLtr 

or diialz texCirl. metadiao,ise* 

xc''q for tno metldintpice d1ke t ui1y Pill tbo,:le 

vnriDus dike rocks arc n. irferenLiqtA on 711A3t 1 

and aro mlrpc6 mafic TarArtz (Aorite. 

The rinc-rained 7kafic qu7:rtz dic)rite dikes are 

litoloc:107.11y s1.11.r to t f1c wirtz diorite 

surroundin eCloud ilizestune. ?bey sire c;nr1,: 

vr14; texturff,e in han speeln textui.c 

frm 6u: ri to aphanitic. Thin sectl:)ns s171%. 

ruartz, 

aoA conlion LmItito, ngnet1te, 1e4coYene, 

epidote, calcite, urlite, biotitt o finc-rhined 

kaolinite c:imonly nrent in 

varilbl flmounts. Textures are !nclrily irter:ranu-

lar or -ranophyric. 
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fine-rrainut; mafic dike ab. ,JuL 4U feet tick 

and tyniel of t , flc errrd ikes In 

0'1r1f,n to exhittt 9ystematic 

in .•/..:17-: textur .,nkl from 

the center .:ytT;arLi. In t c(:ntr c):* dike the 

foldsar crysti.ilz ovoravc, 1z t!), 

1.0 by 2.5 14, vd,creos ncir t:(: border t.lr 

Goty.:t .1 .11 by ..05 Tat. l'ianophyric textfcs 

1yrmci1;,10 Introt; of ^,artrtz and pi' foole 

;arc Qaramon1 :3,arriotled on an inter-

-clurio in centr:.1 'art of the dike, but 

taecrf.Jisc Inc ul tiy disc%rpuar in tN9 

perioral T).t1 of tc dike. Likwloo, qulrtz tle-

creftscIs sout 15 percent In tl;c. cent(r to n trfAce 

nerir the . simtDIr prndunl decres.lsc in 

calcite frinn 10 percent in Vle center to none in the 

outer r3rt Was crserved. i;phene inoreastts at the 

oxpenut! of ilakenit from the center o:,itwrird. Avrite, 

ctA.ef fe:romagnealrin con..17.)onnt, is -1tc:,red to 

ur';lite in VJ_ centrA. part, to biotltn ir he 

outer pftrt, e:L167,1r is -);-.tly A.L1Itied in RII parts 

of the dike, Fm.ft no L,pitLmtio veri!itIon in intk,nfAty 

of albitizntlon was observed. Chlorlt, fine-rrrnined 

vA.tc I.6ot0 likc:wl!!e see to bc equ_lly 

common as ,i_t4IrrItior, 7roducts in 411 prts of t i c 

dike. 
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Salae Likcn shon n, 2': of 

area (41.. 1) 1.01:;cry;A.:77_in: 

rAth 3 eplin size r.11 

1 to 2 ar„ .:.oz.t of tlAtre rhedium-..-reAned roc%c, qre 

,;urtz t uf rtt,?4u4fficie.:It orWy.)cle 

t) be) :A.Fif,sed typec,1 

of qu:,1rtz iorltm frJm m;-r t?-,c su2. edFe of soc. 8, 

N., -Jr about 4J to 50 ri,recnt 

711/v10014:6e (2,n,,q0), 2 perceirit ''or-b1(.n:o 1 ncrenrt. 

eAdott„, 1.0 lurcent quartz, ut :ninor ort'ioclase, 

cl4orite, qp4itite, leucoxene, 

biotite, fl-z.c 1C-.ite rater!, find kaolirite* 

The tt:Jxtur6 Ia. interv:ranultir , ad bed by 77-rinonnyr1c. 

The n1r471,Jclr)ne is in t'es.e fori of subhedrrd, 

lath-sh'4ped r!rystA.b ncr4e of vOlic am z;tro-7p1y 

rcnlac(A bj rinophyr1c r roth '1.irtz rind 

ortocllse. It shows niaximum extinction mIples (A7 

6 drces in the zone nOrmA. to 010, is ontic:Jly 

an,- has a .1.(,; optto rith 

brown rin 'reen 71eocroic clr3,1!1 in form of 

0Wiedrt1 cryst.1c. It h!as optic 

2rop(;rti(.:s: Qntic (-); 2V-85° ; extinction any 

Z.Ac=14° ; and n,' 1.67:7,002. ome hrnblende crystls 

include, t1n/ kernels of Fiuite, (7;ren biotite 6nd 

ltertfon product rtfter hornblende. 
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1.1.71rtz is 1nter8Lit11 LO ':)1';eioel. E. mld occurs 

ort3ct:a4c, -rnon!4 acin 

pluei:)cla4it;. ti to occ u rs is tiny _urround— 

ed by lelco.vme, ..-!2Htite faru:s ncedlcs. 

1;ri:b clotu ant. %s i co,:trt,o 

re-laccrnt discrk:te cr;ztic.. In te 

early stcv-ss it rcr-,lacts fcld:pr trle 001 

cry6v11oo:r9nAc direction. 

:et()(linbAr-3e:-- of rn,rlish—y to 

i:rcentsh—blacK raotldiabf:.ze di:;ef,7 of 

cliqracter intrlde the Mlly rhyolito on t!.:.e eat 

arAd florths of Mil. Me !najority of the 

rare along a shear zone in thc- :ully ..111 rhyolite 

and fora an arvi3tasinp not tern witb-, in this zone. 

The Cii.es strike f:-,=„ncrally norteast And dip Ott anvloe 

vtr1;;Iii- fro,. 60 to 75 They r77-::.n in tickness 

fro 5 to 1L5 fet ,x)st cntinuous dies were 

traced for sevoral fet - strikes 

In Mr d mctudinbace simAlr to 

the v;fic 1nv3s of t4,1-1c _ck;.au exopt 

it is elli:htly morc Lolls pornyritic Thefts 

contlin fQ-ldsnr ptienocryztE. at niuch 18 4 mm in dimeter, 

otht:r man!);Drnyritio. The c) 

rAnges from 701- hyritic to no!Apornhyritic evcn 

some dilzs. ure c,:m on in cone 'cries. 
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locully p..rs into fr71,,_;..nt-1 rock 

loks I1e Jff. 

scctlJns 3;-iA; the netndiqbw50 to (r)nt of 

1.6e,:aerle p r2..1{:notite, 

dote, and cAxit.e. :he text:1re is ilq; 1Tr.nuir or 

in plAoes .11Abnsic, with eQ3rite inrstiLlfil to 

itvkAy,.?nt;ly or1'r. it1. it: avcrlc-int: ..5 to 

.4 al in lenet':is the Ib1e is 2oorly tired and a 

fc ,,:ru;le zonLil wirimd by 

altierAttpn p:7o0ucts. Ihe it,rti onsuists 

t1‘! 7oni3 n1,1 - Jol of A.fferent 

cooalti:)n ',Jut; it is to nwIrly pur 7nhent: 

Hi 1.1Qoxonc %(re in tir.l!Al eloody masses arc tocether 

mako U) tbotit p::cent of the pac--.udiabaso. tignetite 

Coms aiJoilt I '1).1r(142)nt. :pidote, iit, nd chlorite 

urit irrewularl a1tc,77:1tIon prod:4cts 

on folpwr cry:10.13 and in t1-1:: crondas. Jalcitn 

:31d (1.;rtz-cracit,e v,2inlets cut tho nibito Mt:base 

In .. few places. 

Licite porphyry 

:;ikcs or (melte pJrphyry, conly called 

"birdseye porphyry by locql minurs, intl'ude the 

fordpAion in the t:Atrec nort'Akostrn pnrt 

of r') area. (al. 1). 'oat. dikes are along 

rnults. 'tri_cs I*1.1.e from 7 to N. 25 

anu dins are nearly verticol. 



The !lot c.snicuou' futt.. e or tt c citc nr-

111yry dikes nre t tbudnt nd conly zoned 

pla[:1oc1FIse pn...)crysts. phenocrysts enerlly 

rnn:- -e Zrorn b to 10 .11r. in (ri ,:meter, :Alt in soe dikes 

the] Are un muc .1s 15 riy.1 in dimeter. -ort 

ulna fer round n!-Ienocryst:7; o. 

Thin secti3nc t -!'t the decite 71orhyry is 

csed of osc111tory zones nlaviocl'Ise phenocrysts, 

sprsv o round quctrt7 phNlocrysts, and few onblencle 

pnocryats in 7,roun(:71:Iss ol feldspr, 1p-

tit, mid hornblende. ih placioclase fr:m 

An4 to about :n11 but oo.only te cort of' the 

zine6 plariocinse cryst!Ils are only - ore 

calcic tITI rims. In some sliees the p1igioelve 

is extensively VCthCL. and rqaticed by lolt. inc 

grined vJi te lic- is abundnt a n 1itE.r" 

tion of nla-„locllse. 

craite:--Aplite dikus o. cur c 14. fly in find Idjqcont 

to the Pit 'Ivor etoc. notable exocption 'Ind the 

only 'Anlite diKe manned is about 30 feet thick Ind 

occurs islorl a fault in the Eennett forrntion in the 

,} sec. 16, T. 34 4 It is a white aphanitic 

rock contlinine a few phenocrysts of GuIrtz ind felds 

pr about 1 ram in cA.AT.ete7, in t'in section 1.1-0H rock 

consists of 90 perck:nt fAlbite, 5 percent il.).xetz, and 

5 7ercert c1inozoiiIte, T117 texture in trac'itic. 
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ock 'Ater. tic,n 

Prct-tic,Fly tie bo:Avfient rocks in the cistrict 

brave undori,one sone form oV , lt(r-tiDn 61nce con-

solid of Vie vAcanic rocks is well as 

hulk or the intru3ive rocs trie 

rceontit.,ted to .•rent,- r or less extent althoui.h 

tey retAn tclr ori(Anal Ervructures qnd texturc.s. 

In n few nlisc(?s oricinal strueu:- cL. lnd textures -.re 

obsc..lreU by secon.Ary foliatin. ocks of sedimentary 

ori;An, probably owin. .do more st,tble mine-r,11 

fliz,e7;b1?-tro:,.,, have in qenci-:1 flufered 

turn those vol; rinic an: intrut3ivo oritzin. 

7roces6,08 have brouv',t about '11.tt1on 

include; 1) dynamic !TA.tmorphism; 2) ipneous 

inchwing a) then ,a1 metnmornbism, b) contct 

metasomatism; 3) hydrotherml metqmorrhlvm tt is 

spatially unrelmted to uny exrosed intflunAvc 

and 4) ste::trirlo Of these, hydrotheraml metamorrhism, 

accop:Inied ty motaorcitisn, h^s been mo“ 1.1:nort.nt 

in the :ast diotricto estllering is discsd 

in the section on nost-oropenic ?Iistoryo 

Dynanic mctnorphism 

naQtamosphism, ns .fief incd by Turner (1943, 

p. 5) is the "structuvAl Ind minemlorTicA reconstltu-

Lion of rocs cylused by oror.enic 7.1vemcnts"i furr!c.:r 

sty. n fector determininc the 
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structure of rocks t!-,t bnvc uncle m.11cr.nism 

of i..ut t.it t e 'AnerH1 :;cbl!Ai.:-e or 1A2ch 

rock6 1 171:luenccu .cre b.; ter.,turf,,, tir) any ot-r 

concition. 

mlror excepticn2, tc bastnt 

out t LAstrict are Aner,locionlly 

to an assirtblave of minerals ec;tilvA.,nt in -/*.cci( to 

the ,'reenschist faci05. ut only in the southeastern 

prart of the %roll and locally in th vicinity of Yuily 

ill (ii. 1) aro U:e rocks structurally rectituted. 

In the art'as the b9sE,Pnt rocka co:.1 or,ly ve 

secon.kr r:- J1 -cs from fl weak, discon-

tinuous fracture cleavai'e to a vlell-dcvelone6 sclAs-

tosity. In te $clAstose rocks orir.infl structures 

an, texteth both lletzasco7ic and . 1crosconic, ore 

largely oblItcrnted. In outcron ancl h..n ineoI : n 

amyFdlcs penocrysts are T- rkedly elon!ted 

per;i11,1 to ftliltIon, .urc thin sections shcw strain-

ed and frmanted r;uartz rid fcldsnar phenocrysts 

(fir. 4), clvintz a porpnyroclamtic texture; clslorite 

or fine-graIncd rhito Acn /Are c:)ncentrated in layers 

spaccd a fraction or n mU.limeter to a tev millimeters 

apart :Larkin planc of scistositY. 

Inasmuch as the f..)lin.ted roci.s In the souttl-

enster,1 p'Art of the :clap aric in thc vicinity of Ailly 

hill cicirly fomed under conditions of stress, their 
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altcratir c1no(1 in pqrt to 

Iovrmr, 1 1nr:7e mfltanytie trInf(?r of 

Nn, (.:a l and r\l, - ttributed to !Ifeiro.-

teken nlice in *`.cc rock7, of td7e 

-11mtc: 1111 r. transft, r of m.,ItrI-Js 

hav '.)crred in nonflInte,3 won in s.'oli , ted 

rock3 af.; .hown bj to of teminrril 

a..5130TbV1,2:ev et- e-Aos:1 cornnor-ition of follted Inca 

noni-folifIted roes of like rcntA.,:7e. Tbereforc, 

althouc'l dyn!1T.ic rIctnrliorpb1s:',1 ef7ectefl roe'e ,Itra— 

tion in. sonic: 7r.t7-.- of tE;t., 11:trlet, it wqs 

flied or followed by hydrothl 

and m(.tlsomatIsm. 

Ieneoutc; !:ii..ttl:.aorph 1 8.M 

rhormal metfr:lorphism adjncent . to intrusive bodies 

Therval metnor -tism, an 1soce1cJ1 procoss not 

involvin dircted str,s, it elmplest type of 

mfltrp`nism that hfis been onertiv in the eroa. 

Tn tis type of metemornbiam wall rocks 104!ieert to an 

intrusive amss tend to rocrystollize to an nssebla470 

of TinerAlv stable under the prevolling temperture 

eon(Ations. 

The princirn1 exaTTIles of met -riorphosed 

rock;: in the ;;.gip liren fire: (1) eo.trso ..:mtnod 7L,rtIlt) 

formed by rcrystrtillzatir.!n of t're 'eCloud limestone 

in the sec. 26, T. 34 N., 4 in a few 
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other 7)1ries t!e ent:ict between the li.zectone 

and quart ,aioritc; nd (2) biotitc-oliro-

cla&e hornfels .i.( ,A by recryst,Illizatlon of Luffaceous 

beds of the 711ird rorm-tion adjacent to the Pit iVer 

stock in GOC •28 33, -I', 34 4 -. The tick-

nesz: m:jrble and hornfels adjacent to intrusive 

contacts r7inces rrom a frction of ,7.n f.ch to about 

100 feet. 'Ole ciistrib,itt:)n of wArtle tine hornfrsls 

alon ifneouo cuntacts 1; irreeular. the Ivista 

ir(xl nine coarse rained marble is locally in contact 

with, an; unoerlAn by mnf3s8S of sknrn forNed by con-

tqot metasomatism. 

Thcxmal metttorphism is relatively uniporVint 

because only a very mnnll volw,,e of rocks have been 

altered by t'lls nrocess• 

Contact metasome.tis:n edjcsc- t to intrIve 1:odies 

tietwefll C.rcek an t,&! toUn(lry or 

the map in. sec. 3, T. 33 N., Ft. 4 are sm-(11 msses 

of skarn con •ltinc cAefly or lime ;Anerrtls 

and magnetite. :herie mftes nre metosomntic replace-

mentv °V limeston(i, tuffaceous :7tudstone, pyroclastic 

rocn, lvris, and Tvirtz i.ilorite. .11 except two 

sfa%11 misses thit replace turfaccous rocks o' the

I.fortaltion in secs. 24 and 2b, T. 34 

(pl. 1) are adjacent to, or vdthin alwitc quartz 
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dioyitr, or lafic :itIrtz 

7he skHrn mat,s rnrwe frfxa ncrts fc7; incht:!s 

acros, or 1,tyrs ftv, inc thick, to 1,,;sres 

outcro-) - rct f7t5 ?3) fe.t. ":11e 

cinter: at the 11!--Js-t1 IrQn yittic ln sec. 

1G, T. 34 4 .T'An alass his .:fitaxi!:iun outcrop 

zidth of about 7-J0 feet C.n , trike )en.. t': of ax,roxi-

mately 2,000 feet. 

The nrinc1111 In tho bodiQs are 

,.rossulnr-andriltte i:arnet, hedenber.qte, 

dlooeide vir. clinozoi$itm, clette, 

.utdordin..te minerrils 1.1/krtz, 

71yr1tc., ch loopyrttc, eJorite, actinolite 12.td 

screen tine M. The -i.riertils 'xi: in diffrent pros. 

nortionp in tlitferert and coTonly •ed 

vith re:rmant.s of unrenlaccd host rock. In rlacos 

south of -arble dikes of tine-Fratned mcic 

(urtz diorite th'it cut the !!cCloud limestone nre 

onclueed by in envtAone of ccyArsely crystalline 

hedenbcrvite a few inches to a few feet thick. 

The hodcnberrite eryet.JL trc a r much as 10 incct; 

long rant are orinted por-)cndicular to t:Ic wnlls ()* 

the Oikes. 

The clone rclation or ncrlj the 

skIrn messes to the 11'.A!;:ite cartz diorite anC 

qurartz alorite in(liciltas that the skarn was fared by 

cont7lot mcltasomtic action accompanying the irtruvion 
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of the quartz -n introuctior of irun, 

silica r„ 2:12 r, and possilAy rul:ur was 

reuirtA for ror ti.dr of ttie mnases .t 

i0... re;.r in the rwllcor:,%.nt or lav3, 

71yrocl,tic rJcn, tulTace,)us 1.1cItone, 11-.1.rtz 

diorite c.A_c silicate—macnctite rock .1n ncldition 

of iron 37— 1.1.•:c tt; 7roUab1y necencary. 

subtances ‘durirw contact 7.ietrr,comatism ire, 

nrobably limo crtrbon (Ifoxie from the limestone, 

arr3 nluminum anc alkalies 'r!):11 t!-IA NTA.cnic, se612en— 

tary, mac intruive rocks. 

7y(irothum&11 zwtarphism 

The princinal A.terntion in the -%ap area has 

row.JLee in tL . re7gacorit of nrimary minerals in the 

baseakent rock by :secondary mirerls, includinv, albite, 

chlorite, quaytz, lvdros mica, crIlcite, epidote, 

celadxlite, sphone„ an6 leueoxene, .11ese ,leconeclry 

tare oC widespread distribution ;tut it.)!t of 

them difer 1.0-f,t1y in abundlince from nl:tce to nlrIce. 

:;econary minruls of ::ore r(13tricted distribution 

tLose above: include actinolite, anhydrite, gypsom, 

barit, hemntlte, pyrite, nnd bastp.metA sulfldose 

All of the above minerals rAre spFttially unrclatud to 

an) exnosed intrusiv =as.. 

To fnellitato hydrothcrl mota7lor— 

phism is here bubdivi6(:d into discrete procc:sses !limed 
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ram tho Aculur ziecwly nincral l'ore(l. :or 

extv:.ple, arc. enfich(A in %1::::ite -the 7!roess 

of fill:itizatLin, in clorite !J) 7)rucouz 

• rtrocecseit ar, 

tn;tttd RepuratQ4 in L',.1:iou.:0Jn it 16 

tic; y z.oent tc.. imply t:',A ncoes:lnrily cper.ted 

in(16peently or at diTfertit tin&s. :bre 7robly 

V::ey opc:r. 1 

Aabitizfitlon 

"ractiwilly tIle btlacnt rooks of icneous 

oi, in cort‘iin finite feldspqr, an,1 field qnd pf,tro-

drAta tt virtutilly n11 of nlbite 

is of mttas3nEtic ort:rin. fle; J-roan of rocks, the 

kemtophyres, qurt.z kuratophyrs„ 

9:ftite :franites, eolltctivly 

u...p 40 to b0 perecnt of the banoliicnt, con t' 

as th,,. only fcldspar, These rocky rf:tain their 

rcous textures charfactri-_ed c c :1! Ii;;' by 

a cory.rativc!ly :71:h content of soda and &Olen and 

by a 1(A, cntent of lime, alu:An, 71nd potassium, 

(Tablet; 1 and 3.) Another :'roue of rocks contain ins; 

etnitc includes the vieta...anesites„ aLtcldacitos, meta-

brisolt, Aiw)st of the quartz diorites, 7,1c ttter, 

3trictly ere,7!,An are mota-uRrtz olorites. These 

rocks, vTich t_ -, 5 to 13 pircnt of thet bisealQnt, 



are 11t.u10 iculli ari. ;;;;.tur,111 slfThr to t:ie 1...L4-

tophyrf.fs, quartz kuratJ71hys, cAnd 

gmnit;es. re::nectively, but e;.)!-t in interir-dite 

nicaciocl in acition to lbite. 

The nroblel':, V :)rt-l.n of crItopsnyces t:nd 

rcl'Acd 7:1bitic rocks ha reccivA muc :Ittertr, 

prLiculnrly fro :r1t1sn :7snnlanavian 7e01(3- ist, 

nince Dewei "Ind ''lett (1911, n. 202-209 lnd 2414E) 

pronooed that -1'.oup of llbitic locks occ:-JTr1r. in 

Cornwill belorl to a natnml f- Aly of 1-71ewn rocks, 

Vic "871.1itic suite". bewey rind :lett 

the "s11it1c suite" no oomnarnble in irliportnce to 

the . tllntic utte rtnd t'.1ff Pacift alt!louh 

tO,cy , **t thr Iltite to bc secondry, r07-71ed roon 

arter ;onsolidtion of t!Ic rmgma. 7!any othr hyno-

these8 have bcen advanced to ccunt for Vie oriA.n 

or ;110.1c, rocka sineQ, the of Lewey 7lott. 

These hypothesan arr %kell mummlrized by cAlilay 

(1)36, p. 336-.352). 

.ccord1nt7 to Ilurner an0. VIrooror. (1951, 7), 

there is still no un,animity or oninion o' on 'In 

an (!erivntion of no,:!a-rich 1!i 10 rock:". rherefore, 

It e:cons ,:orthwh.ile to record In som ff7t7A.1 t re-

1' tion stn and the conclu:AJnv rcqehod on these 

problem in the That 311..!tat dit:Arict. 

Field tand petropranic rtA.1,:NnT. of t''77 1.bitic 

as1.74-• 
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rockv in the glreci ,t 

io of :'.•,..!t:-A:;,tfc o;si: 

::"'iCtCr 01 rc-7;1:s t c> iWC.HAlet • hfOr04,* 

..1 

'Nith.nce for ridouproud metEiotic aibiti-zution 

?1-1e- th.A t: J:1 rdt!te in L7'!.c ;.,J'-lThyres 

rocs 1c of 11-ift.L.3omtic or1.1r. 

rc17,t:: larFs1; c.:11 Pt.i.rn.FThst! 

andc2f.tes, mcV.clacitz7, - s, mctaL6saltu, un6 

diorite . .roc 11.r:5nIu1shei1c! fro tie 

O cA.ur, texturc, 

structure rInO, t(-cfcrc co;i11! not bo differentited 

from ttte 9nit4 c VjO:S in Horever, the 

mr.dom dir,trlhuticn of therse prIrtly albitik.vci rocks 

tl.cy v.111 not controild by '/-1;;Iry 

litholoy turd trIt t'y arc gra.dution61 into tho 

roc bon n1 nc and 3cror.33 Lltrikc, (JA.6,. 11). 

Thin soctions sow that thc: roc: (;2.sed it mete+ 

Eindotite, motnbanalt, and qtp,Irt.L 6orito 

or metR+cjiartz dioritc pinOocbse of inter+ 

medig!te composition in uddltion to ncarly pure A.A.te, 

Ot1',cr minerni r, co7. nonly present *tro !write, uraiitic 

anphibole, quartz, chlorlt, s2 , nc, lcucoxecl, opt-

dote, finroinel magnetit, ar“! Wip-

nome1.7no. Ti'exty:rti al' the vA.w-tnic rocks trci co : :only 
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por.f,hyritio. textureL, c!lude 

intc.rstril, and 1. he texture of thc :;111Artz 

iE zit a 

warked tatard intor,rrnnular in :,any sncci-

mon3. 

intaralct(, n1;47!uclLe furrix euhodrA. 

phonocryt;ts and Acrlitcs in •Vc lf.,r3s; phriocrysts, 

pyr:)clastic rocks: and 

w,A)Lcdrol crystls in te r:)cr,. It rnges 

In c,:position frzw: .n41 to Ano in unt::iffiJrentiated 

mcLa-atesitc. aictabasalts, , nli to A15z)in 

!-Lt::4Cacites, to Ann. in t17e cl.iArtz 

(I:Jrittlis. The cryst5ls cAre ucll t.t.irincd and U,e twin 

tt1'C nrrow. Vany crystals t;hot os-

cillrttovy zonin sliEhtly oiore sue,ic than 

cores. .;11L;r11,c, fina-yrained w!s.Its 

z:.41.11,olt; ocokIr as alteration products 

In the plrikfjoclacci but Iru not, abundr.nt; much of t`ie 

plaFioclase is rtmarkaly free of tesc AAcrntion 

products. 

1Lit6 in ttc mAn-n.ndositec., me5tas► 

besalte, and :,11...)...curtz “oritct ocTz,rs ,17.n rerlace-

tl!ont or t'r;e intcr:nc;f!into atIgloclaz;e and as dllrAion 

vcAnitta. All 111te is at leact as soic as 

;,n4 an,J much may '.)e. 7.ost cavlonly it 1* 

uatydnned, but, so.ac is poorly trinned iArcry atnee 

—177s. 
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1J.1,—:lvd an ilditIon of' solilm 

ansj tc; t%c n -1.J11.:1t,Jr,1002:; r - ( v;.)1 

of c.:1cluT /AA4inu. 71rily rectici-, 

nrocedc11 :cf.;or.,-: to nrci-o? lurner 

and .:f_. 1. 20e) :./-'1„)o:.(-n (1)51, -

Na :1.VrACal A. + y ag/114+ + a2141+3 5 le 
3+ 

+ A. zyj“11, ccietiVIte8 frlmewo.k of tt,e 

felcinrirtl, is f..!leumcd to raYin c,)nst9nt in t17is 

rnctl. TIze re3ctior is e!_isertilly 

to v7).1.1 reaction: 

G,.1:- NaCO3 4 :1. ? PNaA?(3 

Ca0031foun: &.11.1')rint 3 lly by sk.31a, et 1 (1237, 

p. 61-ON to tAkr,1 1119 e -Iort effoctiv,qy rit clout 

3000 C. 

The ker-tcophyrs, roJfirtz kortonhyr, snilits, 

albite -173rites inditirqlsh-

atde fro:a tJlc p-rtly '10itized c { r i h c cbove 

on harts of iTi.tircoric tfTxtur, and 

structrc, but t , A.croscore revole. that t-e orly 

itpar pre:Kn 12 &Albite. Chia:blte or fine-i::mined 

14"Ate -,1t1'.1 Ire 4:7Tier1ly the Abite; 

othr.r tt.:Yt bG prcnent includc wA,Ate, 

quartz, c..11:.1, sp%ene, leueoiene, cel4dcnit, urlitic 

elphlbole, and u7idotc,. v.711csnic rocks corlmon-

ly porDhyritic; ;•rounf2.?)%s fn rtes r nc7c ,7rom t)110.-

taxl4Ac and interaertJ IrJ the krq'atoptyres =in i s'1i-

item to flty :AcrDspherulitic In the quartz 
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.4KorAtopLirea. .tic f-acicti 01 tuse rack 

have ciaic text-ares. Yibite diabase c.)mAionly has 

un inturc,rruir extro, Gm', 1b Ito IS 

r torture. 

The n"ftii..c ocourc at; r*ecri..3t-

77icr:)liT.es in 't,ft -,(nocr!st3, cl(ttsts, 

and microliteti in the pyrricltic 3'OC1473, tInd 

crystrals in tho rItru:sivt! rocks. It occurs 

fIlfio in s',tordins.Itc amount;-: of ifilltutin vc:Inlets, 

as ei,ycdule aLi crye,tals 

cavitic:, in roxx 7yroc1astic 

.i.ocks, and as perpyro61w:its. (HeeiIj. IL.) 

Cwimonly tY•:u albite phenocrystL - J1:1 c1L3,Js in te4 

vole tnI rJcIvb, and tLt, fAlbhdrn1 albi!:e crystals 

in t. intruElve rockb rc lcy,zde.J. G?- lcrite, 

fine-grfAlned 1ti t, celfadrit,c, clIelte, or 

one the e;lidotc .1%,up or Ancrul g_!; A.tertAtion 

pro,Juots. silev, howovt-r, tsolv 3lIte essen-

tUW fri;e of sue alteration protluots. Thc albite 

Is roo:-ly Ve.innud in swit, Ealdef3, dth oheckerbomrd-

type, diaoontinuoue lq.ncllAl (fig, 12d), whcrcls 

in othrt (171E. 4) it Is 7ie1.l tinned, with 

bra, continuous I ::;t„llat.J. rhc co7:nositt0n r-mges 

fro ,n0to :n but aloite more c. lcic tr 49' 

is rare. 

iC alite tlt zleculAi a velrlt5, as am4?— 
dIlle fillinrs, snc as nests or a7nar.,ntly 

-161-
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filline c 1tim le fre if 

pruucts. In flost pinces it is clt.'r antv.inned, 

or noorly tv,Inned 111ufinee; .vose 

exact position of extintion is Ulfl'icit t. eter-

mine. In one albite IPAnlet, (ft. 12h) t' 1LItc 

in te veirt is untwInned excent rbPre th e vcinlet 

cuts trouch trinned lbite n.'neryst. There the 

albite ':ovs pHrtly devt:lone with ca2,nosi-

tion plans mid 1 .• 11t oriented nqvillel to 

coosit,ion plane in the pn,:.locryst. 

:0Tte pyroclastic rocks c,-) 41,.,1n nt.. o cicr, poorly 

tinned albite :;rystlls. in 7laceS rroups of thtsc 

crystals have aTlprently recryst.l.lized to po.r :'.'ro 

O1:3 royIfle sutured bounCarics 'and sieve texture. 

The secondary on in of 1b Ito occurrin,- as 

t;; j fillin:s, ar.4 ris ncsti..5 of 

cryst 1 interstitial to litAc fritmcnts in pyro-

cistic rockt.; see!.7:s beyond doubt. Likewise, the. 

secrldr:ry orin of aritc occlirrlm‘: as a renlace-

mcnt of intermediqte n1r1:1c)clnse. in :ttn-ti.n.:esits 

and in othur Partly Ilbitized rocks 1::1 clear. In 

view o'' 134(-) occurrencr.! of Oemonctrably secJndlry 

snits in many places thrJa-hout t!'e area (fig, 11) 

it 13 conclud(A th:!t t!le 1bItf v. ich forms pheno-

crysts, cl!Ists, G- ubheml cryst,11s 

in thA! albltic rocks is also second%ry, an iv :1 
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DiseUdOM:VnOUta re..)lacc!!3,7nt opt-in lly .ore lcic 

tuld t= t:' ,ALIte 

in the arerl. The iter,Itonhyres nre tlq ande-

sites, the aufArtz allA,t1zed 

the snilites ,A.61tized ..11;ite cr 

31!)14,Aizeu Nartz (Us.)ritee, 

:Afferencev in the int Ifilty 7.1bitization 

nnparently unr.: to •ftt ecoloic Flf7e of the rocks 

irv:lved. if rr.il.ries filtitization t).ccop=inicd 

cq&I enocli volc:Anio activity tve ,A1b1Lizetion w(Juld 

bccn 7, evoni5In rocks should be 

albitized than Trilssic rocs, rut 

tlAs Is r1:-)t so. !.or is deree of albltization relted 

to t'';() ,N•m;ximity of rocks to exnosed Intrusive boll s. 

lirfercnccs in albitiztiticm intentAti secm, instead, 

to hlve been controlled at 10-Ist in p9Tt by tlIc rela-

tive n,rmeability or V:c roc1=.s te c„,r1ucnt 

ncoessibllity of •Ilbitizing fluids to t`le:L. -:vidence 

for this conclusion lics in observ-.tion 

lc.nst,s of pyroclastic rock enclosed in rtively 

impermeable shalt; rooks of Dragdon, 

and 714t fortions commonly slow Jrly prirtimily albitlz-

od clq8ts of intcrmdiate pltwioc1,1se, where=as 1.r7e 

masses of volcanic breccia 1.nd block lava such as are 

ownon in the Copley vreenstoneo L;ekkas 9.n6eite, and 

73u1.1y rhyolite, co=onl; contain co'rmletely nl-
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ioc?se. ItLYuc': excentl.)is to t':e above 

rener,,lization cAn be found, (1. L., (11-

bitized Taa.2.iocise in pyrc;clotic lensee enclosed 

in 1,11A.e, and p!irtilli albitized ninclocle in thick 

volcilnic rock units) tr,, c. excentiont. arr7ear sufficiont-

ly rrc as to su-, est a cqusai relRtionship. 

Time of 10A.Atization 

yocks rqn[Anr in mge cro-1 nrobable Levolinn to 

Tate Jurlssic arc f)lbltizek. albitization post-

dltes n11 V'e intrusive rocks In V'le fl.st :hf-Ast 

trIct, as 3tock in t!-v-, -est 

jh:Asta district, but n7)parent1y it nrfAstes tle In-

trusion of the hnsta batholith in the eat 

Alastet diu,trict. This plutnic mfiss is unnlbitlLed 

and has formed nrounU it la contact nureolu con:311;ting 

of gneisvic rocks contqlnine 

The Aasta bstolit is ovt7riin r,,:,nconformably 

by rocs of ..arly Criceous (ValarTinian and Trau-

trivian) age ncoorin to Hinds (1934, p. 140), 

and autk.rivian accoroin to . urphy.(n5G, n, 

2098). 

Except for V'ic Lie?: of A.Uitization in :hasta 

11.111y b,Atholith, t' intensity or dcA:ree o:' Albitiza-

tion Ippears unmLted c.:10':er to the rive of th rocks 

or to the kind of rocks; intrusive rocks, vis toll 'is 



extrusive aria seCiL„entrj rock4; nre riffectod. In 

pl%cea glbit velnitAz, rill sr. 11 fvActi.irt.a in 

Vie rocks. These obrv,Alrf-,: t .lbiti-

ztion t,30k place Probably in 1.:,tc tire 

contenaraneoufAy or tin rock 

defor-:iltion ind intrusior of .111 r3cks exce .A 

'Thnstm Lally butolith and lt!,1 alonhyse.s. heter 

ulLitlzation idsc) occrred one or tlies b‘:fur 

t• in could -of be dctor-:1,16. ::ertAnly T)orsiLility 

of seveml e,iisodes of .10 ic7eologic31tizatior c!rlr„.7 

history of Iron c'_.7not be dis'r.lssed, but the f'ict 

that ti t. or rAbitization shows no c'imul'Aivc 

effect !ind 16 1.,pirt,:ntly unrelated to of rocks 

sup.ertt otrlAse. 

Nnture and source or the 11b1t1-i.AnR: fluids 

The abund-,nce of clA.4.1te, 

mica, and other secndry ,xvich 

absociated with any: 30e. to bc virtuqlly c,mte:r,por-

aneous :Alth (Abite in th altered rooks, coupled Tlth 

the exPerimbntal flndinc of 'skola and others (193?, 

p. ca) thlt the snllite reaction tketi Place rrc)ct 

effectively gib:; at 30(f u, suf.'ests thit tne qlbitiz-

in vents were hot aqueous fl . Ads chlr ed tltb Le 

and A.4+ ions, and c!Aptablo of exelnr-inc tese ions 

3+
for Ca and ions, prob,Ably accord inF toand Al 

equation 71ven on paFe lijO. The same aqucoos fluids 
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may ilso tr nr-ls-)rt for 

# le # 1'7, 3nd CO3--in cf 

ttlese s,Jbstunct.:s to form ctIol. .1t, 

:41ett, art: ot(;:r 1r r. 11 I tk! 

alitc. 

8 tAreldy noted on an frArlier 

cff -!lbltize0 E-Jlocimens WI 1-41 

11, 1n1c Jit t c intrzAty of Al!,Izati:rn 

11; sp_t1.11,/ unmLted to eX7020;t. ody. 

lter.tion .if !:.h- .1y ock.& to wAnoles . id,F.c,crt to 

1ritr.1vc 1: by a6dIt1on of rvw AA%e 

r 7-.1,1j not .,) ,:surrIA1 in the ire, '!nt.1 te (34- Yrce 

of relmcoment of intermed 

Is in 3,Te places lotunlly less co let,: near inru-

sive VI . n in nlaces rcotf, from ti- cm. 

.t )1s4'1.)e1se in te intrusiv,: rocks th.cnscaves is 

so coAnlet ly t11tid in tn-t n:tolytic 

'1i tlzt.on b; fluids inenous to alt,A-cd 7ortions 

of the introtAvon Azch 11.terAtion 

would rei1rt frr too :uch oodn nnd flIct rot 

in thc rc.sidual muenla f1.,;.1s to even ceount for the 

%lbite prent in nlbttize intruiiive rock itself, 

ir surrouniAn rocks. 

In vicw of these circtrces it !er nk--ceusary 

to unon 802C otcr zourcc for the RDA -tizini? 

flolo. source include: 1) see, vtuter 
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tranped in te norec cr ;-, cet; of 7- ine 

00(-Arta ricLz; !n volc.7.1e tht !:t1 !!ren 

c.cwAtd jr) sea; 2) L;-bj'ace-A :ass 

as yet lreely unc.xosed i-);/ e.,•!--)n, and 3) 

1)en bo',;n6 in Anertas in deer 

zones, ich was set Cree the _:JAaorrism 

of these dee-.)er zones. ,hich or 4tYfe nosviLle sources 

is mot .1.11y is hicly :.,pcxulFitive; posnibly all 

.)ntrib*Jted, b urea is pert of a eueosyncline in 

it,ct accumItd. arlf: were, ;;ur'i'=c:. :0 

coubt the 1Vr tA‘q -)-%e in .*;1, rDr‘is of t 

sedin-7.s cuntined un F..1.1 11y of vdIum ion. 

or th v.ritcr by deer) hurif31, by mrwIlvatism, 

or by riorIcti,;e co old hove cused it to become 

resurcnt and to rc,Ict v.ith in the rocks 

throuh whie': It 7'.;assec,. ut rhqt of the oth,2r sub-

3tinces, es.)eci lly cr. ion, iellch have 

b€cn as tibk.snd.:nt As flociium in t'i.s rsurent sea water? 

o: the rocks in the arc!ct contlin ucapollt or 

otLcr chl-rine-bearifv7 absonce of !;finer-

ale cDntlnin:; is, of course, no :)roof that 

Vie fLAis c,id not c,.:nt7in chloride ion, for it could 

hlve bfer: ta.f,en un in rocks cithr n1r;.ady re coitA 

or not yt expolwd by crobion; or, it have been 

conletely exnelled e1thf2r cL,rinp volcat!ism or durine 

:everCmis, thr c::7nnloto absence of 
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c!.11o!'in-berin7 r 1 r!IffIcilt to cx7qain 

If V:!- r) ti) Is ?Lr,,r(m.fl t resun7ent c- r 

sunrlted the vocium in t;-. 7,r.ocess. 

The Do:,sillity tqt n tubjaccnt nl'Lonlc 

as yet l'.!ff.ely .;neA'iubeci 1)rn 

tt7e albitizin fluids I -(5trd by the Ci:Yribl;tion 

of three 13., si77111,!r stocks - Vie 

'it :,tock in th irc tiitu, the •- • 1.e -oun-

t. In 6tock in te dirtrict (kirkel, and 

other, 1:57), and a small body of croe i7rand 

intrusivti r ack exPosd in Fr.2CF. 5 and (.), T. 32 N., 

7, 1 ablt 5 :A.los s()utenst of 

rap rrcarcs s-(,o1wic man). he rock form-

ire tree stock ts '7.rnblende 

qunrtz diorite tan trondhjeaiite, nor alter I nlnc-s 

to aloite :ranitc. ''ecquse of V.e st!Al-

ariti () tte three stocks it seeY:s 7.,,:r1:!sil:; to 

sunnose that tcy nre itrynoes ahove V7,9 

p:Yenern1 level of t subjqcnt 7less tht y unef:s.rlie 

to entire art-n at depth. Thr Ilny be 

a re!;01t of a trondhjw%itic dttrentintion in t'- ls 

subjacont V.ich Is sup-••rtd b low notoTsium 

contnt in and intrio4ive rocix of 

aren as well la by the nrcence of trJndhjcite f,tcics 

In .his type of tiff(:r,-t.i tion, 

ich was first ccribcd by rT:oldschmidt (1922, p. 7), 
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and 1.1ter subbcrihed to by (1935, D. :'!36) 

to ex:)lain L:er, Cron, is 

tu t.7)ic 1 ,7.);• *'_:)syncli -il belts (:;..art, 

p. 2'2). It 1:: toui_tt to QC ci.mitioned by 

v,t;tr content in the res;A•t_, in 

:Anu abunfInt oryst.iliztion of IAJtitc. 

This c:;:.;t1lization of t'otitu leaves ti: 

deficient tnA litLle or no :--feldspar 

is formed in tc,, 1:11:r c.tzes of cryt,:lAizo.tion. 

It also le%ves -44).1p.F:wtp:At dficient in qlmnina,-

CUE:VE sc,Ac D.L.,clloe to be fai,orcd over 

cilcic 71,Igioclse in to cryntil3ization 

bf-:clue there aluminri to !let the 

or rhe result i rock 

conr,iztinc o 1artz, ollif7oe1ase, or ;odie 

and bioti te, or, if ti''• biotite, bi In so:iic w9y bfien 

sen9.rated out, quartz r1:1 olicoclas or rsAio aroesine. 

7i3sidulll fluids fro% a hydrous 110WM8 suc`.7 as tAs •:re 

likely to be bunOnt and rie: in so:Aum ,and eilicon. 

Thy arc thistu Ie1ly sited for tc role of albitizirc 

the surroundinr and overlyin. rooks. 

If tr:mdhje.nitic dirferentiation Is ken place 

in vlbjacent cLIA:nbcr beneat'.- :hqst, 

it mrly actually hive bQ(.n ioIn. on fro4i Addle :evonian 

to 1qte Jurasie U e, cul:Anatlne; in the intrusion of 



the Pi, Av(r Thlv is 

su.i.T.Nst by nvf2tif:nec oi 1-1 rocks 

lor t se7Gr 1•,cser in the 

:;# Ste, .1t 1.ty„I5')nab1y 

n;')' -:!1:Ar.1•21.A -uAly 

r y r„ • •L'_; f•• s •JI 

Me?: „J: 1.3cks 7tt Intv!iing 

Anyr,Ly-. -1(;a3, !arr. el7:ty 

miner-As t (3)!:t,i711!-„- 1-;s h s 

Is ';r1 ls r:)xk:Inc3 rt37)r-:rita a 73otn 

ti-Ai .:ert3il1y a 

li•i ,,11, 4.-cy 0 (17" j t-J; set 

frrni in 0: AP.1.<:, 

Nelms yi!:or teis $13 

t!.%e or -,11te su:Ncient 

Yn Pnd I cult: 5t14o be cerived fro. thin 1,. ,1%orni.iism 

4.bo effcct el!tc.n!Av ;:t1tAtIttc, oV 

an-e:,-. nroo:-, by 

or et,Ilcium ':rider' L1.10 olr-

el.;rnEtmeEt3, Nft lnd •1. t.1,!., t well alon 

1.,3 fr:a4 .kr.c&:rpo"rT t;-e prude 

- itIing 

uk*PnLs. 
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1:1 41tiz-i_tfon 

'71:113'ut t1-1 tLi b5ic 

volcyjc rocq. t.r, ire trn--'ly ,tre 

;;trc;ncly Q'.:'t in tese rock's 

.1e 

• n- - (),*,,13r, kdhicr-

ctitar't An tl,e 

moro x'c rid lc j it h..s 

rcicka. 4Te 1I: i1i. r'yollte is 

3trT1, 1y lr eie 7'.ces in '0:le tiout;e96-

trn Qr t'- - rAri only thr3 wtrtz per-

ocryot tJ1,t1:..unj to tht rocL's 

oharcter. 

un of (1-

c0 facerdin tc ii il1's (1y11 n, 



data, nninite (-) 

elinoclJore, y f'tr to 

00:6 .on virietif-s in 4 '1 tf.be *Albitized int, 

b ii ruci,s are C.%ltssite and diabantit, csc 

tvo chlorites probbly mike un 75 7ercent 

cl-, lorite in the rocks of k,t:r 

're' .cic less cnmo.i. tainochlore only ut 

71111i 'All nd locally in the con: or t! ftsrtought 

nnticine (ni • pf:rt or the 

, ct Of' • • y 22):. In bot!' plilces It is 

1 T*-1P.c.!(, nt o t -ully 'ill ryolite. 

*;'Mn section sho ver' stot7e of (_)f 

nctinollte, hornlende, and ')1f-07toc1nse nheno-

crysts b, clovite. In t1,Arly - taes of re,lne,:‘m*Jnt 

ttRI chlovito v.ions alonr cleawl .e p1..nen 

zon91 .1.(y.ct lines in t • e hoot crystnl. In 

tAes it sprcnch.3 out until in t extree it 

for:.1$ a pseudoornh aftcr the entire -ost 

In sore ci1orIte se,iuo:nornhs aftcr urite and TAario-

cl.,sc tho ho'--t crystmi Is 7. ):.scrved 

and is c,)nspicuously sown under crossed ricuis by 

a :n..:rked dincc in t( .A-1(ntutiun of c:;lorlte 

platen in adjncent renlaced tv.in 

The process of chlori tization sec:4,s to htiv.. pone 

hand in IvInd tc lbitizati,Jn of Intermeto 

ond mafic rocks. Jiercvor sucl rocks i1 tI:ed 

they are also 3trJnAy chlorlti7ed. concly, 



wh(!ro t..j ir, un.l.itize:1 or o:, ly sit tly alLitized, 

az, 1.1. L'J! :zays or rflot-(in(:.e!.3.itf: n; .!oelstic of 

cfH 1r form-tion betel..v! 

no7.t1ef.3t of t'Ja It bride, 

minc., ral is aciculnr blue-&7rcen crAlnolitic a:n:.1t)o1e 

instk,!nd of c'Ivite. 7,1r), t..; 

Is in turn T.)rtly o.l.trud to eAoritc-, 

te appeorance of 3.Y.e albit;J In tl:c roc. In t::c 

chioritizqtion roceas VA3 re, , 1, and C :7-Ay have 

bee derived from fer:.omarnesin nincri1s in a .:',A71c 

rack lnderFoli ltration, but unles nluminous ,3mplA.-

t)ole is present in abund,ince, the 

the :„Isf,un of chlorite 3r4st co-t( from els(,rhero. 

pot ti - ]. ourc It In rocks uneeroinc alttion 

is the; ;nort'ite -AecJe of plrliocl.lse in to 

proccc of t1n, 1U1ti7ed. Thit tLir .-;urce 

of :1 for clo:it in t!'A, Alastu nreu Is 

su:estd b;). t r:Irked 2.,Ir'1lelium In di:;tribution 

of albiti2ed cLloritiyed mfic trouchout 

the nrca. If t'Js is true, the processes of -11'612.11-

tion ch1oriti71tion hive been simultaneously 

onvrative. 

7ydrou8 mica 'iltr-rtiJn 

-or. t of the sillcic v.Actinic r:-)cks in urea 

cont'in n very fine -1‘1l1ncd clf!y-likc v'it, Acaceous 
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is (:ri',1 is ritun• nt ion r 

zonc,s and in stron if I-Aiated prcs of the u11y 

Lill riyolitc. In plrices it :;itich As 15 per-

cent i th rock. It freArks ?lancs of ci v in the 

foliated rocks ink.1 coonly Vors an tanntomosinF 

net*rork nrounC lozcn,;;•e-sh71(,d fr't in t;', 

Lrcd roci. In a few pl,ices fvldnr phenocrytn 

the selectively re!,loced by foltet:; mss o 

mincr:11 AY(..rcss the croundss cont. Ins virtually 

none. 

:'even n7locimi::na of u1iy F111 rhyolite contAning 

t-lE cly-like Acaceous minerll were cciiectr d from 

nnd Titde or, A.eek rcs r ubitted 

to the Colo ieLl furvey 111bortories for exqmin-

ation. i'obcrt I. 1:11.V; iontiVied the 7nter1- 1 uS 

hydrous a:ica on ttle of its indices of rcfrf,c-

tion r'obert 1)525, 7Nritten 

fho hi list index obt!Aincd was 1. 578i.003 and 

most of the materlf11 exnincd hsc::15-A in te 

of 1.570 to 1.b75. The trrit indsx for muscovite, 

on tto other hnnd, should ranre above 1.585. ne 

neci:r.en was checked under the olectrn 7,icroscopo 

by 7-red • FildebrInd o t;ho le- 1 Arvey zInd ite 

lclentity 69 hydrous .,nicq cnfirmed. the rhysicql qnd 

optic tl slAlarity or fine vJlite micaceous tliteril 

from ot -r rt:3 of ttc ar._ti to hydrils mica in the 
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seven :necimcns exaincd in U2c Yurvey lnl,ortorics 

t';:A -Jost c:f t fine v;itc - ;c:ace, tcri X31. .; 1 2 ..)un 

In the silicic rocs t hydrous lica 2uricite• 

rowever, the psibility that :07,c: :Iny be c=er'clte or 

p9r9Fonitc, c'mnot be ruled olt. "• • 'u tier (Griton, 

po 88) infcrred tli!)t some or the 'r. mritor-

ial (A. !All Is .T-Initc. 

The hydrous is z set:.•:3 to bear tc relation-

s'in to Atitizntion in V:e silicic rocks as elorite 

beers to AlUiti7tin in intercoite ttr lfic 

rocks. It is co=on 1r c.l.itized sincic rocs hut 

is :-, -)arse or ats, in tose V:.nt 

larn..cnIc. relations sucst t:At citcr 

611tly proceded or was contoranools with hydrous 

mica nitertion. "ossibly tei aluminum that coos 1.- to 

-.1akeup of tte hydrous mica was derived from t'r:e 

nnorthite niolecule of rlarioclise the nibitiza-

ti3n process. uther the fact tlInt hydrous 

-onerlly most abundant in shear zones, as is 

sulfide; ore, tlAs trle of niter-ition sr!wt;s to !lavo 

no deflnit: snatinl rcltition t3 sulfiCe minernaization. 

::;111cific :Lion 

'p ocks of raa,-, ft,yrc.t V-:r,.)13;Jut the ""tan 

area fAre more 3r less silicified. Limest:7;ne of the 

Baird and 'cCloud forations in in places 1!:Irp:ely re-



placed by chert, nna mud tone in n°. its of tl*J: 

l,onnott an forfitions c1 .1r,3.cter, 

tin f.!ctions fOiell. is due to a ,Losflic of -Itor.)-

cryFA.•11inc n)Irtz that hae renlaced ori:- 11 vDck 

convtituent. 11.1e (Joniny crcenstone k'LU qnde-

site contain abiAndnt 7ricroccoric quart?. 

veinlets. 7Vreover, stx::n on naFe 180, much 

vilicJn as t, t as sodium nust ve b9rn ndded Ouring 

albltimition of tie intcruliate nlar.1,3clase that 17,4s 

orlinf.illy in t1:e jopley formations. 

ti; is not sillifIQ.ltion in tl)k, sense t - t 

nez :Avfrt7 IP fored, it ncler(rtIlele sot, tt 

thest:: rocks were vrrie'- f:d in silicon. 

7;- obably Vie most 1:rkedly sllicified rock unit 

in the nren ls te Pully VIll x*yolite. lest 75 

rcrcent aid poslhly !ls much as 90 prcent of tnis 

toralon is slliclijeC e Put exccrt E!licifi-

cation is intnce, ac on ridec It)ve •ising 

;tar mine, sllicified nhrzse:: r.,rr eiffIct,lt to n eo ze 

in te fild because virtully 111 the roefrs 

iantes up the 111 rhyolite were sil1ce7;uf; orlin-

ally. Only bi rxamtninr thin sections is it nossible 

genernlly to uscert in to whit extent a gilv!n specimen 

is 

At least to degree;; of silicifietion are dis-

ccriible in tin section. In the leist ciliclfied 
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.1hses only the . r. -.0.nass of QwArt;: kr:rat:7;nliyre3 is 

m-luced by xenomorphic ,111!Irtz. 

relspc..r penocrytits d rilcroncroeryst::. unsili-

cified. phenocrysts rctain their 

slpos but commonly have; n.:-row overFroths of t'::e 

microcrystalline ;:=round:Tiss nu,,rtz. rhese overrort!Is 

. lye the ph6nocrysLs a :11- zzy border under crosscd 

ntools, and tl:.oLic 2hencryz.,:ts vin : irrerAqr, lobQte 

outlincs a2pear to be entLn into an .; rlaced by the 

7rou.q14.;- ,ss curt (firs. 8 4n6 9). Chat they hive 

?Actually not bQcn rtnlscod, however, is shown by the 

fact tn.;-t, in sa:ne she-xf:Id specins ankl,Ar 

of cuartz ptcnocryf,:ts strung out in trrAln& 

to foliation also have n=ov: over;*frov.ths of the 

oioundmass (u.:A%t2. (ill'. 14). 

Tht ur.f_; ..l.:.r ci st^ sl-,Jv no rounLlIn of e(17:.5 or 

re-entr.;nts that AiJlt be c),-ItItrucd resAtinT from 

corros ion. 

In more intinly silicified phases of 2uily 

Fill rhyoll te not cpnly the ;:roundmans but ffildspar 

phenocryst‘47 well are renlIccd !),17 xeno-.nri.)hic 

microcrystsllinc r.tiortz. The iCer:tity of thcse r)cks 

as ..,Ilterd curtz kerntophyrc rests 

presence or relict (Jartz phenocrysts, vhich ure the 

only ori7inr.11 11:1-41 comnonAlts th'.1t remain. 

ununu61 vtriety of st:condtlry 7uertz in some 
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specimens of 7):;r1tl:_.- ;,t4. • rtz Icr-to;:'e is fe ter 

quzlrtz tlmt r rt1. xlysurro,Jn ant. rc.L1.1Jitec 

pyrite cut,est ;f4. The civirtz fe::ters 

are ;:lonnte Lo te fee tr. .0-Au'n they 

lrc in contact.'oat arc. ext, 0 ry.ralel to ftlia-

tion and occupy whrA 'Wt (1931) has called pressurc 

appeart. LIL4 fe.:ttr --; ,1rtz in larce 

pArt re7IreL.ents quartz 1.); pyrite 

cubes. 

.:loubtles2 occurred at 

sever.1 diffcrent tiucs durin ororenesIs it 171pears 

th!,t tie princi2q1 tion took nlfice nt about 

the s..7i(1 ultilte source 

of introjuced is ebRtlble tend it may 

in fact '.1!Ive cmle fram never:il difforPnt surcc. It 

sees very ilnproUble th.:It it could hac been "sweated 

out" of lny rocks now exriose(: to vi 2or .tuf ncarly 

all show enrichment rutnc.r thn 1.,v6rishmnt in 

Chereforf., a (leeper ventc( source is probqble. 

If, r::s seems ltKely, a s;4bjricert vtss of trf)ndhictite 

underlies each or f'.111 of *V.,e rem, EAlicon Tell 

as the codium t)vIt must have 1)en introduced slurinr 

.-qterntin may h.:ave come from it. 

Durinp later cycics of: sllicific'Alon no new 

silicon need to havc teen intrci:uced but silicon 'Al-

re'ldy 7)re:kt:nt in the rocks wss redistributed. 'Lle small 

scale exnle of this is t feather qartz wIrruundinc 
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pyritn cubos. ;,yritc cul)oo in r1-)st oAses re -A_Iced 

a iixturc of 1erJery3ti 1. 1n wrtz stud Olite Aca 

ant the ,....13rtz c,et free Le. ; -roTt of pyrite 

ree 

. DC,W3 €,xn:,Dle if; te 

intnsely 1ic1 led lIy:111 r. yuU.t ovcr tne 

1.611; tar kmuat'_ silicl lod Lon,, nro 

b,x11c, IA tr hio nhyrite 

t. rcolaLed 

t t: ; if t:. j, . 1 r t of' the ell.-

icon e:.).11kki J: r. slicesAtrit en:Ie.:10d the overlying 

rooks in :=.111cv,I. 

tizrition 

In :)-,rt or t a 'inea boos 

of tuff bel:)n-in,. to t 1":or.,;:ti,n tire extnstvely 

r, 'incd by eA.c;itzl, WASt:(2. OC dirk 

r3ok loellly kno,:ba as '1Une rock". 77hee meses 

3f cAoltiztA ,re 6eacr,lly par:Allol to 

the eodclini. , nro oaon In the synclin,11 1:,e1t of 

It formation north of t ,ftertu,'Lt Ane (late 

1 and C) but arc rAre 1ser. Th ;IAL,scs 

in qroa ab.)ut 1CJ ;Mot wide and 

at 1.:;,st 1330 feet feA too FJ.:1711.1 to 

be s1ov;r1 on th CuiO, Ic , wre seen t,t, end 

of the pt.ininsA.:1 e,Ast of TaxtLlin J.1cYt lnd on thc- south 

s16e or the quaw ,;rosk ar of 11asta LaRet across from 



At11j Pill, :lth,Ju' 

y.F.laced by cleitQ, L(.rtztonhyro b,...lonojn - to 

Vle "ully 111 is loc 7 ly q3onc 

.jrte r;r-lns ftertht mine. 

'7.1e3 of c-:leitc I extremely Anrile, it l'orms 

froir, As Alttl qs IC eircent 20 rIcrcrnt 

of thc •A.tn,d sectiorx c- leite 

Is pr€ent 9S ti,:bhcl cryst 1 t 1111:'.1vters 

in (,.iter. Conly num,:rous er1in8id ,1c1rcf101 

otcr for 1 Of e ,lcit ctintimoters 

,lcr9ss. c'Joite tWs rmA.cen, on a volume f r 

ir61;o bit , ll L • e iincrIco-stitunts of tA) 

h .:7t rock lAlthout regrd far ti,Ar ca7osition 

An7virntl; does not in' rco.7n1za1e pytttorn 

of s(!lectlylt,• ,hc is in turn (,;..t locAlly 

by aiJoroscw)ic vc,trAlt. of mrtz 

r 

ry?..m.cnetfc relttons 

tot lnco in tho mqin after !,1LIti,fa...-

:knf] Ilicirtts mice; alterr(tion, 

it 'tily not hive been wJeL poeflitle 

source the cloim could '-lavc; intElewdi-Ae 

pllgioclAo th,:t It:as undor:-oinF tIztin lts— 

s Cn the oter 'nd, tic ciciu , qs 

the CO,, W.ich tt flulot; renrunsiblc lor 

ettlzatt)n riuut tivc. been saturated, could nlo 



:

have co:le fro.: 

a) a “1)::=1c(P:t of coon-, t id 

of liJ;e3L,..Th 

tq.e rich in 
++ 

rid Co.1- ions, or 

b) gi9SS OV 11:mstone 10:1c': lay scriAircre be-

neth c-ileltized rocks rt Ich 1VIS 

beim rf-nlaceu b7 so- c other - Ineril or 

The 'it formation 'ibout a north of VT: 

where calciti./.ed rocs occur contins 1'18t6 of 11..ne-

stone ttat t:11- south to. rd ,:re! of cicitition 

(n1. 1) • Y:lch L.nses coul ,:e11 be present 

rtt not tJo cli-th in tic vit forFltior ne2r 

ftertt ..inc whcrc the cleltized rock 18 

SJ 'Ibundnt. 

:4tructre 

ener•1 titent 

sedimntarl vAc-inIc b,-Asent 1.cks 

!Ire co- .71exly defor]ied t:y numerous 1' •lds and In .its 

to xrorAinent 3tn:etrrtl tren, one norV--

nort:. c-A!.,t rand nortrv.cst, re .:.cocnized. 

he oldest 1-..)ckf.: Occuny the core of , 1-tr-e nort!-Ivrd-

plunrin ,!nticltne in te we:item p*rt or tt7e 

in succiv(Jy youner oron oit trd the 

east in n so(!uenc,:- t in Fross nsnect 1:73 

(rip. 2). The trenL1 f major rock'flits in hoo-
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clin( ne.'.r1/ nort in te vicinity of 

r1n -ount'An to %Iyitit r 40 in t!::. viciity 

of :07.n -ount. itn. The ho-'..oclin is di!,r':nted est 

of thc 'Aver ir. 4 .17-J irre,:u1(ar bit of 

m“ric t, fly isolten te 

•ct.:1:).it unC:erliin7 !%i rd forsti7-in 

a!-1 Cortion. This 

d1r1 t 1 bfgleved in n2rt to occupy a left-1itern1 

ft.:11t betv,een the -cC;lotid (And I,onni formltions. 

ftrct,:r in :(r(A.n rferrt'c: to ior convenience 

pa t),c2; iostly of 

mlfic cqt t'e clouci li'nel=tone 

other fori.ltions vtellto. t.ft„ fault 7one 11.1t fe if 

nny !Ire nre:A..rt to the '1st. Tobt of teFe dikes 

strike nortIlwof3t tr occly norava torsion 

fr.Ictures. 

In '.1-trirkc,d contr('Ist to the :eort!:-nortist :Aruc-

tr'd trt i th t 0;of%innt-n in the €t 'fl n - rt of 

t. nortwet tr-nd domint-s aoth Ind 

of or 'ount.in. fl1s northvtet trend is 

ren*:-ricritcd c!-Acfly by tt sbric;c of fol,:s involvinf7 

te It rorm.:tion, 1.111y !:111 rhyoltt(,, 'Lekkas 

andeiiite. 1,ocA.1, in the c9st(!,rn 1T71rt of U(Arat 

Vic rocks Calve sconc..r: fAl'Als)n tLt strik(A5 

nort4.kc(A te axial .ninnes 

of f;)1(!o. This foliti:)n f*rum a ww-lic cl(Avne 
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to a stron-

Tn tne INern 7).trt of art2 te n:irth-

wer't structurl trersd is prent bit 'sat 

It is murked by the nor',h1Acst-tren,:!n,: dikes fiyntlon-

ed previously, by a nelrly ubiquitous rortilest 

:trike of beddlni in t*c 'cloud iji(: t.)fl( E yell 

in thc !aird `;:of:oni for tins, and 

by a few DJorly-dcfind crx3rifcl.:s 

tract - 1 o. tc.:,,n1 area fire s!7(mn 

on plate 3. 

c of Oeform,,tion 

co,plfAL structr.11 tstjri is indicted, not 

only by t!Ie exit-it,:nce of two f„. 10. systems ncrirly 

at rivIlt n1cs to e..ch other but ::lso by the Pre-

senc of nwiarou.s urconforien tnl n abun(fince of 

volclnic rocks an(". orocnic sediTcnts trouout 

stratirnphic column. Me liter fetures 

're' unstnble from 

at 1t*st well Into -t:s.Dzoic tic. 

''rior to ;.9.te Jurlosic, to7ever, defor tl:ni sec:1s 

to P,tvc: cJn3ii, tcd !wlInly of roourrent uplift and 

tiltinr; it much' fAdin:: :And 

faultim: t.,5jk niece until the 1:6te oro;cny. 

blsis for t is cu-iclusion te strqti-

fled bflac,ment plu t'Te 
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YO. , t!.0-

for—c:Ion, er.)-1 out k.. :.;t :,) 

tl 

Iv (1.: 1, p ott- fJr tif)n 

to V•1..: 3t9c of L :'1ff tiur:.,sic, but :lore 

riloent tfl bi 71.nborrij t it is 

7,1--.1y of iCC t. n 

oldet tl:m In to reein t!ylt hls not suffer-

lv fortion of 'Arly 

71actoxeotl i;e1, If milov:Aroc Is for te to 

6'.nroof t7.0 h!! -1011A'.. ii ost-d;ites 

Alon nonecw- mtly bene,Ith 

'arly ceout, sN:111nt!:.ri roc. it ses like-

ly tl-tt .2.07ormA.13n toit 'lace in L;Itf; Jurssio 

rItslr LH !irly tie. 

?olds 

Two pr,Alinent fold systc,,s, a north-nort'. 0ist 

s:ortt.7! nort!-meLA systii, %re prilent Ir t ft 

lso rrc nt, thou;!: not c ons'qouous, .!rc 

fv 6:11.,111 fJ1.6s In thc 0° f rien -ount In 'rerl tt 

tren nc!.Irly eqst-wevt. e Poe. the thinuv'h "orse 

*inborn, l9:-)2, -he (ir 

tn. Count.. , rnici : urr,uhlined 

t:AnrOrd .!n iv rui t1. 
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u7)1.1.,40 Jo oNi3 ucql. -:acj ucoAa, 

f-zPri-J (r1 ur.r) u ..1 I k) oql 

iao.toq egl o 

14 g in TOT A 

sT ,uT.1:4.1wp 

17, 1snao ou1 4'• UC;400q 

oluaoaeti 03 () cT T 1.1;r.1- c 
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•-r1;3Q6sR- 'ytoj rjo 

c413 u; N).Tio,“ ?Ioj a./auT 

U't fic1Lclo,:u sr suTt4unc,. u)AcI., put 



4 

stlovn j te or t iinrwtt 

r-47don fortiuns.,#Jh 7,rnp amunA.! 

art nose of 4It5 thc ,;opley cr(n:7t'Dne 

rAnd t,t; core (n1. 1) • 

i:.enett 

formtl:)n d1:1. in 71.,Dst n(.1 Is 

nrevumol7 ol- rturn. Lt of e.e. 17, 

T. H. 4 ., it is 'llso ly sefrcd and 

ra,4 bc ir 1, 1L contact zlth t'Le ',";opley if,re..nstone. 

In tic prt c, rlee. 8, V. 

finf, -- r,tir.c:C con 1Jfacr-ite beds tt din south-

ct shov in,.rted su-

the !qon forLition sv,•11 !is the henrett is 

1ocnj1y aiong the west fink .f 

the %nticilne. flank or the (riticline 

sedlm, nt:Iry 1;eds (.1p wirt rkt naodt-rr:te r1es. 

Ihe overturned bcds on t .:. e wez,t 1'1'1; t te 

17tic1ire is overt!Irp4-:d so( t to vest Rno t 

ra plqrle 1 inferred. 

Y!-A., scarce:le ., of beddirw or oririnal layrinej 

in the C:oplt:y i..reeni-.3tJne and r.ilnicL11,1 rhyollte in 

the core Df the J''..Tic" ,o!;ntin , couniesc 

With t ifli '; rtOfl. ;Ir. o the to forJi•tions, pre-

vnts the 7rec1:e locr.tion of t' rlticlinn1 crest. 

Peddln in pyrocictic rock on to e-:st sitieo the 

Aterr-; Gulch arm dips 40-60° ou-cistin-
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tst -„A‘o1 1c 

tLt up ch ':, 1 re T-Crflt t ‘f tY..c :.tr'ti:'rrh 

Ic 1,.c? ccJrtinuou .-rkcr bcd,. ;.- very 11', ly 

vem not lAd 11, t lic 

Cer.(:ps ox- n:ore arc co.non rt 

TJ-Iny recent uncefor!;:e,,f! 1, thc .:)nst1tutin,(71•v:As -. tyre .1, 

te ,oni: -1- entoneo ,:nc:uAtc, 'alaklnla 

ully '111 ri,1 0 1t. 1!3o, 

;•'P p c or the. fJ1 tions 

AIVr(,rt vent, Must the result 

In Inlenic pile for e 311 !Arit,s, consisti-lf7 

of intel•Vinrin riozs ryroelsticF, v:Ith 

cue litoloAc unit u1 t: por.11;1y o diffrrnt 

initil :A.11, no Joubt cont5r1rA Telry uncon;Jr:At1wt3 

ni wtn ety:.nlex even leforc ororenesls. 

QE te T‘c* 1 i)ur intrDret3tion or Vlo 

otc.,ctlre 7nd '- ount or 

:rel'tt6r on ntructArAl fetQrs 

In 3edlmk,rtnry tn on tl:ose in urits. 

.trflcs n tp t en in ir.in tfd :FedimF:.ntIlry 

roch4: rcied as rclliblp 71i:elz:urr of 

defon,,otin tbT.n strike fold 17)s talmn on llyeri.nr 

ln P,Iva fl '7s or pyroelfitic m-tf- r171c. Probbly 

lerAlt rcliRble striki:t; nrt.. on flov, brIc7Ing 

in silitAc 

—2:07— 
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tte crcst r.rter “!st. lso, onnosed in 

attitudes in ::ragdon formntion on tho rose 

the qnticlinc rlort1 hClp to dufir;e:1 of 

to potiition of the crest in tht loclity. 

elswhere orIy :•1J.c.ic is t!- c f,..ape of the care-

of ',onicY rcnstor..7irc reyolitc,, the 

err -1;L:su:aed to ts or. 

7ma1l f1i V;.:t trel rf.)rt 

In additIon to ti-te 

nortc..6t-tr1nc 7x4(= stov.n n tte 

7 r,..:•CDn fortl,:)n on the Ride of 0'...ricn -oun-

Vtin, in tte fortion Gn the pcninsla in 

T. 34 4 Of in .1 Ycloud 111;etone 

:5c),At ut. rIC:rcei:, in t ne :I t: on rorse 

-ount'cf.r, orc! In thF Fully Fill r.jI I tf !v.7 Tit 

soutJltet of axt.rz?. Cul& (n1s. 1 rind 3). 

w.iv int'sir 11.11)its of tee 

fc- f(:lt to n few hurrcd feet. 

?ossible syncline Ly o.fl,crop ttern or tI!cl 

At forn,.tion 

!hc: 723V of At for-iltion tt lier i*rce-

ly betren the n(,uov c..re R. r)nd it AT/Pr ,IT-ns of 

Alnstr7 LakE (71. 1) !my rark: a) a topocr. -ic de-

nrer6in in 7,ich th 

It ne(limentc, tleculwintcd tie; 
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b) j nortst4Irif 

or o) i cmbinflti.:In of (n) (b). 1v .t 

.vidcnc€: sur -,.. tin t i. ..)cc 

a topocrhic denrion lief.; in 

and cifferir t' icknr.; F, of !Aly 

1.11 rnyolitc 7 on . th in of art, in 

te nroble nr, nct. ofl 1/A.c.rN!c c#,rtrt nol.t'. of 

$Boi: of -la, 

sue7y,,ost1nir ...t it !:,y bc n syncline in f:.:ct 

nort'not of 'ully T.111 1.171:.: ilso sout?-17wit of 

axtr,-; Mich ac it foriltl.n !10:.thi„ast and 

dips off t , r-,-)ckr of 

A.ov te irrc ri-rin of 

Jf 'it for;r1.,t1.)n evi,jonce r 

st7Jotur• 1 trt n is 1:ckir. If A tr(,,nd ever 

existi:.:! it hls b, on 1-4st - of 

north7st 

".csist proly t'n i V for::.tion lcca-iultesd in 

trJuvh tJ,.t 1 >t 1tAn th aron 110, 

nurtl - etc.' tr6n. th'It proC\wed the 

nAn tilted tbe nort:.wost rn 7rt of the 

troueh sout st. therforo, 

forarition rwv be c:pisicircd ‘!,9, n 

11.(m warn nst,:ocid zith the nort)Inst 

oclinc rt:lf.lted to northeast foldin. 



ortvot-trir,in;' folds 

E,tr-ct- Tn rt,;r:., i 

of te -;3n A‘cia a reries of nrit,- I'st-tr,:,11r. 

f1ds lrv7vin: the 7osnc.ius lietorie, 'At f=7:-.tiDn, 

-)11.tc, '.r.6 pnO.cc.itc. 

folds arc. veil ;';:red Li I;6d.1,1 - -.,ttitue -: in t'.e 

sedients,ry in6 in nlaoes by to watcro YAtern 

of lit;ololc The most con't;in)tou f:)1d in 

t'Ir r,crie5 I'lu c' e' tr ftf.,rth:)u`lt .!'ine on its 

nortv is here -!'111,N1 *0;i2 ,ftertouPt flti-

cline (nl. 3). The ,!t;r1i,-,e or rfin from 

oitc1y '-. 70 ... in tc little :reek nren 

to about 25 in 0".e ,Thst 

nc)rV: (Jf tr (An •reck ar.:: of 7hast-2. Nike, ncf:r 

Uhf ;i11, w'ini of tl.a nortl:wet folds ciefinn 

CJJIU f.:rvc.1 by rort-n3rtest fJr 

a few thousand Perot ticre tneir rorth%ent 

tr(nds d;ln . out on tc., flanks f 

:or;e viivklengths ir 

tudeeo the rv:Yrth%et frx;1 n fet hur.6rA 

feet to about a lie. The oortently steep 

so'..4thtest clin of fJlintik:n as roll lttittide 

of drsp f310s a fc-' f..eL acr:.:ss Es,n in inilny n7aces 

or the filnks lrv,•r vrruct,.!res thtit 

Host or f3lds or t It ivcr arm fire 

asymmetricf.1 und hve nort'.e%.1, 1!:1 dees 
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stepEr tt.n so..tkest if; .1.so true 

nort (s,1 ivcr rity 

in 1-,ttrr ar - ry 

317n uy t':.e olitcrn it for-

r(11.-Iti..)n, to t',c unItG, 

r)him.. Qti.s f!..)1ds is n •rt1-17-et-t 

O t. IL .ivr an6 north of the 

:citeen tf:u. ount ..;.rvok %nt1 - it 

lvr r n linttions (n1. Z) 0.';t nort!-1-

3iUt _t plunccs are about equally oo:non. 

:he folot; in tHis n)rt of :,rea lre very 1! u3y 

uL., en cc.- Cton an. 1rwtte folds riue in 

opootAte Orctions. 

Cr.:*14 folds 

;:est of si line rouely joIn1ri owroun1n 

nn0 the :ove .'reek 6m of :h!st ,-, Lnke ( -A.. 1) cross 

folds tht tren6 nortivest qr.(' !,,rised on t-7c 

nortixast-trendine homoclthe and on the 0".irien 

A)untain nnticlIne. rhef-:c 'eh, (-ire 

wit vstc!, of r,..rt r-)ds 

in t'r:e (rstrn pf.,rt GI 1. -.e tIrt!ri p Jnc146e: Ft) wirs 

in tlw gencvl i Lrer:. of litolovic 

unit;i; in tu b vor-t1 or. %. .e 

our :in •nL1c1ie; 0; fAds n few feet cross 



Tbnt f!(.21; d) fol(f.s !,n1c-ted 

ftr. strikc of erciss 

froT rtnroxi.riTtcly ! rt-orr. to 

tvrr, V:e 7!mro.e 

, 20-40° 1 1 te t' fi 1j 

as thoFe 71..c - td by c ,,(A fAtitu,.:2 eLi arc 

fo'or on rls. 1 r7rtj. 

and cr:?ss f-s?lds the h:;mocllne are 

indic-tfd y onocet.! b,L(A.np ";ittltudes in muotone 

be s nerr the sult of Tcy;.11 .3unt1n an by the 

sinuous form of mudvtone beds b#Ayen on and 

':ountins (TA. 1). H.:_pttcl:Illy pror,:tnt:nt in 

Vile !ire," If (1 sync:lin:11 w,Irp th7.t striks i'bout 

r. 30° frwr, the stLlit of T'or.ne 'Amntain. 

evcr, 1 cross wr!rns on the O'rien -auntAn 

qre in-lc-ted by te s'-!Pe of cont'icts 

between v-,riou!5 frm!,tlonz-:. The crItct bAween 

te 71r!AgOon Aird fortions in the soutl-,weot 

nart of sec. 1-!1, 7. :34 4 is st-r-)nily 

out!cestive of n synclinfd wqrn soutest-

ward into t'o.e ndjolnini: sec. 2. Just wIst or t\-,Is 

synclinJ1 in pnr of sec. 

21, c'.)nt,Ict is (!onvex towqrd the 

s'Jute!la,t,n n Tqr-. rliis anti-

cltnA 14..p is qlso sucj,7ected by op9osed be&An;' 
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attitu6. vor-i'l:ion in C. 

fo.r. e...)ntt between onley 

rrr'ensto etn, fornItc)ns 

fielgwectr, 1 fncli cJr, fror. ne-r 

the soutblient e')rn,:r see. 17, 1, 34 : 4 • 

soWl.”;!stwnrl..to 9nnroxil:1,1tely c.rner 

of sec, 2"), 4 ,, where it Is intfm-Int-• 34 • 

ea by .1 

,n oro5z.5 cxtentini: fis‘) the 

3711 ti `l centr. 1 nk's; Of: 8, N., 1, 4 

;11r.)xl. -. :35 ./) tJle t!olat .Irt* centrA n! 

of sec, 2.1, • 34 4 • is vtlested by convexi-

ties in c7ritct 119twepn '.;o"14 n:`-ton(: 

and ovErlyin• Col-nations. 

In ndition to tIle cross fo1d3 9nd warns noted 

above, the pr3otio;illy :011(11.11tpli:F nriftwest strike 

norteeir3t dip of boileiins In .0A.oud 

and of tl't- TAird nn(i forions 

in, 1c cross foldin . on 9 nortbtxest..1.rly axis. 

c..AltIv)eh te present 9tt1tu(ie of the 

Aloud 11:.:loton.:. is problbly ir rt,. 1t of 

rwAtinr, the si;I:11r aA.itude of bf.(!dini, in !..3o 

of the ',aird 7,osori formtiona thrtt 

fA.din q part, 

The basement rooks in mfiny pinces in Vic eetnt,?rn 
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pert of the t-vesco r7 f:11-1t!on L 

c'ure ele9,1i._: to 

1tolty. 1; ic e 1 1 , icuous 

1, •it‘- O. \'''0-‘ r. - c. r t. t 75 

perc-t 0, It r-.7t, or .f..t-

nort"%ct 1,!Ins fr.) tc 

(21. 1). of ick'3,)nl. The 

?it 2.rutk 'r o' hatti 

r,11 , t! - - cnt mostlyis rrc,r 

*1M(, strike wikes 

a LI) dIrc:ction betren 

Uc.1 6re-A doer the stril...e 

of f':)1. -ctse - n ::;11.1% 'orrc: '.'o -n 'oun-

t')inz _Rinlj nortt ',nit in nlac2s 

rJrtiiA; efi3ter1f dins 'arc J ct(10::.Y1 as 

(!l2s t'tr. $'-t of Pore 

01n.2in s(.condarj ftli.ti.3r is virtually n!'nt. 

The secor!dfiry P:Ii.:t1Jn is t!-.1!7ible Into to 

tynett: 1) cltivq,.7n, and 2) sch1stof3ity. tro 

f)11%A.oris ire essentielly nr111,31 lri in nlnces 

eah thtr. 

Clonva6a 

Post r1.11k3ts bubpArallul 

or c:16.1 

t;) .iy 's -.3 :iot In n•Licos 

t oqriAllois tL, -1A1.11 21Anes 
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•7of (1/- I- ".:).(1;•;5 t`.)f * it forrnntlon. 

Thin uections cut r.ri f,c) 

the 7,art1n . ttr! 1 yers 

of f.in cllorite in 

anc -Jtite 

mto In ;;71.loou:7 vAcry,ie finc:—f.,r%ined 

viti '. 18(.1 In WItcow.lr vole- Ar'10 :Th .11vs. 

In 1 1 :' 71ty :A.ncrls tire 7,0cAly parnliol 

to clonv,I:e . Anr,r!Aln bt•tecn 

Ar, e;Liefly felds7P:r, mIcrocrystiline 

nu.,rtz, nrC other :1.nr!:'!.1:4 -i (of r..,t1bu.lr crl3t1 

orly J77,rly irfine—erAircl nlqty rlIncr7.1s 

t:.(7 rock. 71L,ty 

rmr.1n alon . cic-,wes nitiv have fis4.1e,11ci tr cn— 

t(..-rorpneoly .1th 3r l!it€r clenvrwe n]Inels, 

in tiny eNent te istrildilt5on of nlaty mirE,r1E: was 

71robribly CrtF11d 3r t)le clefivIce nlnnes rW,e'r 

t!) n verszl. 

In several place in thc cener.J vicinit:7 of 

t':c A'terthouEht .aine and in tL u1ly 1A11—,.,Axtc;rs 

uloh arcn rcicku Alth ci cr, rlrely, rocks vAth 

no folitaiun lcns:s of t.sron:•ly 

intcd roc ;Is s 3O foat t'nlck and up to lf 

a Inc rook ;eithin tc 111;,..s or zoncs 

wise 

https://rlIncr7.1s
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is in sa;J: placcs so•bt and In Wlor D1-;cen 

:;tr ly cont 

visl!)lo to nkud f4e. sectln4; of VIE, z,:chls-

tose rock cut nnrill to tynic:1. 

outclr.vtic -t47cn of crIlsod rock re 

surrounded '.)y br,Ak;ed or an,. ntoot:irv-

of fin, (;ralncd (f 1 ;-. 14). urtz and 

felds71fir pherocryst fIrcmnz.ci and Y'e 

ollst3 Hre vtrunv. out in trIlinr; 

to :;ohisto8it;$ t'VA rkod ,_-twIlIce7%ent 

occurrIA t1J: r.ctonIty surfacos. AP!Ir-

ly VA3 sc:Astosity formed in rsnonne to uhearinc. 

'Lineation 

Two typs of lineution in t!le mnp arca nre: 

1) plune of drar folds; 4nd 2) t}le intersection of 

clav,A4!e w14; iF 00 .:Lon In- ricot 

Vie At :;. itn..)ra:;tion in VIc estrn p7rt of tr 

nnd i&1 10 1" the 7'ra. don fo:._-Ition the j9;ri.„:n 'oun-

tAn The second type ms sc,n only In t7-:.v it 

fortIon in tit etern prit of th 

t1n.e llneotions are plotted on plrite 3. 

IinctItion in te for•sltion strikes northtcst 

pnrIllel to tLo area of norttwect rold:. plunge 

is fAti:..r southc:it or narthP:cr,t .1r11 ntni,7es from 

horizontal to stout 70 devrces; of 10 to 25 
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(Cos co:non. 'Touthest of th. it :Aver 

t.Ari of Itst Lrike moFt lineqtiJns pluncc nort'-lrerit. 

Yfetwen Fincl - it Awlr note: t 

and c;outr.-tst rqunrcn about cqully or7. 

In -1.11 area 11ntion!:, are 3PAriTIble; 

nortire:3t an northe'lut 71/Aen arc rlbaut (1-Aly 

43(xlv.:on un t 5rc:ir. also a 

Nort1%6, .st of uilj 1ii t. c linentionn 

is 

1 t1 sout.r. !anc u,Ist si,:es of (.;trien (.yinttitn 

minor foltts thArlinntly east and southcrIst 

et low ,;.hrw.lv on Vif, sAet sic:e the 

mount.in t:le7 pluni.re i1nij riet +Inn nortest. 

On the nosc of the O'rien 'ount in f. -Itleline fet 

sm,211 folcs north-nortIlerAst. 

're relf:t1.)n of Tv)rti:efitit 1n2 n)rthwent folding 

:vIdenoe on th rolltiv ere ol northelst and 

northtest fA.ds is tv)t the fAlowing 

thAt thc nmethwIst f:Ads 

nrc(itc the n'.7);tYc:A fJlds: 

1) rhc nort('t-trf-ndin hoocllic find 

the 0°P,rion ''ountAn nnticline nr(2iTPOC alort. sues 

th-t trtIld nortvcst. 

2) ;he tr:):)ciP".e in the 17.orsc :-"ountain-7own oun 

tr!An firer: is loonily cut by frJoturc ,A.crivatre that 

u.218..b 
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strikes mostly nortryest ('al. 1), in qnr,ruxite 

con-ord,incc cle'lvr 0 in t'.° :,it i2 -ully 111 

fornntions in t vicinity of Gre,A, 11L)o 

apnro-xilf n.,r711101 to te axes of n:)rtest-

tronelin,.: fJlds. If Vils ele,avage e;Aited in the 

rock Vlo time the stronf• clefortion 

(Tihich producc.d an stccp ns 83 dc!r',roos) 

occtirrc6 it seems rdAist ccrt In tt-; cleavatTo 

vc)lld not have eson2ed be ins severely cry;' pled. 

flor;evcr no crullinr. of dell :re w secn in t' is 

area. 'orcov,-r 1: te cletivace f;31(! axes on 

lorse and :'ovin -ountins pre;':' t whe the 

rockn thrre !.;uirce, toir southeast. they TIrol-bly 

riould have bten nuslicd uu.t or riline::lent with tine 

10. fold s.)is in. tie vicinity of guar 

CrecI V:c rJcics To_Illt have littic if qny coponent 

of din us rt.,45:11t af northe-Int foldinr. 

3) In runny pl!Jces north we: bedding strikes 

prevrIll for sever'Al hundrud feet within incompetent 

fommtions that in cross nspoct strips northeast. 

exn.ple of tiA.s is Taird forantion in to 

vicibilty of Jorla Greek and licileys If 

the nortle)crist foldin were yo!Anqer It sems 

thflo incoApotent rocks could hnve °scraped 

pu&'*.1 into an orivntntion more 074)mtlble 1.4,;l1 the 

rensibly nortImest-soutast comprossive forces thqt 

would hnvo con oper!.1tive. 



:aults 

Oenerql 

few moderately 1,1170 nu:!ieroun s,- 11 

ones irir_;pt roeLt3 in t.c f:Antrjcto 

'rhe llrgest fault, -:.1.on . est (Ade of the -c..71ouC 

limestone, in a left 1 t, m1 

"ost fults !r1:.1() dips (re:stor 

tln 41) degrees. ,Jority of t:Ie 1 ,r-cr faults 

and :,any of the orTIllor arc '')77;cd lefom the 

emplacent of h:p)abyst,!31 ieneous rDeksz3 before 

sulfide minr:ilizatlz)r.. f:AA.to, however, 

;1.(1 of postintrutiive twe few ire of postr.in-

r •c • 

:Astrition hnd orienttlon 

e arcompanyln, is 9nd tectonic rn .\ps 

(nisi. 1 and 3) show four princtrql 'ire is of l'uultinF. 

they aro: 1) the #7;enern1 vicinity of tl:e A'ter--

thout Ti7e; 2) .in aren exteniqn7 fro te penin-

s:An In V;c terA ccntri.1 rt of sec, 31, To 34 r., 

R. 3 7, n.ort!:etwrird t'roufn All .y Mill to tho 

ern slono;:. of Town Yontqin; Z) the r:ren in conem1 

occunicd by the !.'o=.;loud !nfic 

diorite; and 4) the 01:Tien !-ount;l.in arca. 

In the _ftcrthouFht nrca about BO per!.:ent of the 
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faults strike 50° to 75° H.; nortenst-trinr 

rare. In t?;r, vierit of ncirth-

wcf:t ?rt: northe,Ast-trdin- fwIlts arc fl,p3ut 

aburinnt but the nort!-Ict er. .1r3o, 

(DT' nort1-;tve:A-trmAn :;3111.ts :;tore 

,noz 
l fr±5 about . 3° to -. 50° 

The northen8t..-trenuin,' -. 10° 

to 20° und 7•;. CO° to 17:';° 'n.„loud 

atone is apnlarcnay bounCed on t'.• 31,fc 14 a 

st - i' c-slin t trcidr -.bout 30° 

LlorifAt of northve:A-tren.inc f-ults also din-

rupt tt!e limestonc. fa.k.dts in t!'is 

t' rien -ountAn area virtuolly boxe the c..-.PrAss, 

but V- rcu: 7rincipIl directions, N. GO° 60c -op 

20° doninat. lastcrly dips nredomin;tte 

ovor woterij dile', in t'::e :'ount'An are 4, 

Tynes of faults 

Uwilv to poor exposure, to the p,IrrIllelism of 

TI;Arly to bedding or foliation, wid to Olc lack 

of rcliablo marker units, te rectlon Aaunt 

of is 7:11.ic :lent could bo (:or only fer 

of t; <f: ,2any f:!ulta in the rlroe.: -or t'145 reasQn, 

the clasaifiction ,3dontiid here is 1:r. 04 coo :.trio 

rethor than g(cte. The f11.1.Av1nc typcs of' faults 

will be considered. a) lov fults; b) hitt. 



 

anFle strike faults; c) hit arlf-le transverse fits; 

and d) shear ..JriLT. 

Lo, - n 1, rsnIte 

:aults win dis ofless 1.11 45° are uncoon 

in the district and mi:irt of tosc recoFnIzed have 

jisnicentn or only fey feet. '1.()',bly -t-T* 

et by. ni. f4.,.1t is In t::e ftortl:ouht mine 

whc,rt, block of -ully 11.11 rhyolite beteen the 

200 and 400 levels is t1'.rust northc<tnrd for ut:out 

150 fect on Vic it formation. 

crest o t1-..e ride 1-1Anr north from 

!iorse -ountlin, at n altitue of about 1,400 ft.et 

arc tAo ftJtn ITIrkod by p* tnentf. of *lickenIA0d 

quIrt2 e;icL about 50 feet squor(. Theve faults 

strike N 75° F. and (iir nortbrost at nn anrle of about 

25 deprect; the -vrooves or to 311-,kensideel surfnces 

nium:Te dovtn dip0 ispliceraent could rot he determined 

but lo probably only ,1 few feet. ter low nrv:le 

..2>orw sbovAne roverc17- otrs nor -A_ :%ove-

mcnt, r_r(: .also seen in ro cuts in the ,Inrien 

:!ountlin area. 

7cCloud fault.--The 1.rj,est fult in the area is 

a pre.-intrueAvo fault trendin about N. 30° 

the est side of the "cOloud linestone. Thls fnult 
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is now!lere ox7osed, but 1 t7osltion is m(Jrkt( in 

r::ost places by r continuo b(Jt of: intrusive rock 

1 ana 3) . 

the preenoo of 

1) limestort, rtn t!.e Yoroni formtidn 

are both missin fur t3trILo 1:n t. of t 1t a 

mile ...:TaJ 1:nlf in Vie vicinity or tH It 'ivyr !7:rm 

(71. 1); likewiw., the 1A:moni format1, 41 iv sinp7 

for lcmt between the u. er part of 

Cre, k an: the up.:)cr pqrt of ,Airl Creek; and t :.ekkas 

anclesit•,.! io .7)rtly cut out in the nortelatern part 

of eec. 4, T. 34 4 Innsmuch as fo*sll 

dnt t presencl c) =flps boteen the 

betrie n trie 7cC1oud and .!ononif 

art nrobnbly bctween tb Jonon1rtnd :,okkas, ti3tinc 

anC: , romtyn ,:riniF. these interv111.1 may be plrtly 

responsilile for tir: absence of these for:TAions in 

the plaoss mentiontAi. 7owever, if c()rsidered in 

conjunction rit Wier evidence riven bel.:mt it seenis 

thlt 1,t1tim: is probobly the !- Alin cause. 

2)fhc Ci3cor&Int 7Atitude o bi''ddin in V1! 

:.!cOlond limestono lkith revpect to and 

L;ekLeAs formtions and in perh'7)r Aronvest lndi— 

ctiJn of' n In • ross 1!(;cct, toe three 

units vtriku about 10° to 25° E. Nowover, the 



hstrike of bcLIdin:,. in t e 7Pc:;1oud li'L;(!st:)ne 

nort".et pr!icticylly tlImu;7,',out tho urot (n1 1 find 5). 

thr, 11 6tr,: beds. if 7, ojected nouthonstvArd 

alon thclr throw 7h ' fic ftvirtz Cioritc, 

v. int or' )verrle the Eosoni 

ant* 7711 stri of bc.ddln,7 in the 

gin... f:rckas 'for:- :aso north or north*.Ition.1-; is , 

rc:;t ir ao.e nlfices, purticul,:rlY in see. 24, T. 34 ., 

7. 4 in(lic..Ainc the tinmc typo of :Iscorc!lnt 

relntiorslp. 

3) North of :›Irl :::reek the unr,er ,-reenstono unit 

of the foci tiJn lies (f.irectly onnosite the 

'7)soni forrntion, soltcd by a few hundred feet 

of ilftfic -wartz diorite, the 'cCloud limestone is 

r)rer.t on ne'lk only u few hundred feet test 

of tm 7reenr,tone outcrop but it strikes and 

di7)8 nort'', about :t rt to the youner 

Coratii_;ns, v,'A.ch lie to the eau t. 

7he "ciaoud f!tA.t -11):tlrently dins v.erA it 

oderfitel) steen bncle, but the 7recisc (Arl is im-

nonsiblc to dctemine because the limestone west 

of the fault Is disrupted by a series of northest-

trendim: normfil strike fmatc mo.::t of tvlich rir€3 

;Ire-intrusive nnd occupied by dikms of 

quortz diorite. The do:Angnt strike of ::,afic 
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th-t fill :^'T-ict,;:-Is in t- ount,An 

area is tv)rtIlwebt (ft -. 4-
r 

1 
N 

4, nortest trike 

of t1J-Je cotiA.e6 t:J.? 

strike of ia,Arie c1 1“-:,s in tIle rien 

'!ountqin aren (nl. 1), !'!r: t'A :2137:17ilou:4 rirttv,est 

r3tr1e or bedin' it tf in:Acate left-

1-,tcr• 1 Llrivr!llent on tht: flalt. The ltaetone 

broken it to di:,:cr(Ac t; locks rotatd 

by left-1.,1 motion into tt.t,ir lresnt posi-

tion of n(,rttlest -hc outcron 

ncittern c) -cAouct liston end tL; coo _ inapt 

northi.est strike of i-Iri,Jus tloritie dike rooks sown 

on iller's (1906) map of tl.e "eddinF 30 minute 

,Tso strnyly su,7:est mover...(mt in te 

left-11 sunse lop tis ?:)re. sire 17.ount of 

rov !:,:nt is unknJ1 tut it 1.:ost cert, lrly cloci3 not 

exc(%ecl 1 few thous!-in' feet. 

TTit7h lc strike 

!,ost fulto In thc sct'ent-rn ly:rt of te ter 

nre,'. InJ n 1:Arre prc --;tnec. of fslAlt is fqr west 

as Vie ':cCloud .trm of It-Ike strike annroxi-

flitcly to adjc(.nt rock units, -nd tith 

one notP.blc: exception, dln •- t trvle:7 to these 

units. These f;llts nry classed F&F. strlk IHAts. 
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or 1.,:r,.ar!ot.,s of (Je.-:seril)tior. tLey rtre 

e.:)rdin to t: .e ar(-: Is in t'-ey 

occur. 

Avst :a-tjJrity of flults 

t :ine strike • 50 to 75 • and 

di:) !:t st(.ep arV71ef.,„ siqest. hc 71.r3. 

.4c.inpiny. shows tb,t. this !attitleie 

of 't tlt tr.)u.out the 6,-.)at'Av.t.st.;crl ri - trt t thf; 

tire. Tr, V.:: ftertou.t.t mine the diruction 

of :-(ioN.:-:7;- c.,nt of tlitse foults is :,.-0.01,41 

by t , .:Y!..3n1fice-:-.cit cuntnct betwe.7-:n td'e 

1'1 rt..yol.itp r te Pit fornntions ot of thc 

lts on wtic th:itsplacem;:nt c,in be demoncitrited 

vcry !_lteenly out1 est !.- Lov.. the n.Drtl:e5st 

olde do?n,y,..tra with ret3nect to ti•2 southwest 

.,.'16e; the !3.....aount .:1)nnreit dip—slin disnl.qoc::rte!nt 

rani. es 1:r 'AI f(.w f et to -,uch as 250 feet, The 

str1ke—s1 n co t 1: not known, InqsvIch thC 

11 - 4117. 1ne wtAll s 1.rd disn15.cenent v.1 th ret.;nect 

to the.: footrall, of ttlec.-c f .oltt; be re— 

vertsc. fnultr:, in r nt—tie el71efAlon a few that 

t3 Ow t1'.c ::o?Ithwe.t.tt 1s doyn have norrip,,1 rt)overlc,nt, 

:‘t dpth rimy of triKe fnAts In t .ftert11._,u,f.Tht 

irio see to bvin&.,. out into stheir zore.s. 

The ii t. in t' • fterti. ‘.• t .inc is 

te "•.in r—,..11t. It striker: .7“)rthv,er3t , is:flps 
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norte9st, riprotuly in places to bedint-

in t'.0 1t '3ri..)ti )n. It cut:- 11 f,1,1t!, in 

7!. 7', • i' r Ts7'1c • • 11 side .-)f 

in .' 'it I. tr.) , rmrd about 450 

feet z1tY1 rc1cct to te footwAl side. 

LL d tirt the strike foults In te 'ftc,rthouPht 

mine Lrt rcnrcent,Itive f tr1 f,lts eler:.v,here 

in thc. soutntcrn pe rt of . ciAn t it 1!3 

thrA :cioc.t at t. strIkt. friults in t. n_Art of t7.v 

nrcI 'hive revrte -avt,mLnt. 

rt; oc nrinclnal htoth 

strie fnuitl; in iih-t btt cIlle( ti' 

n-r of t!-,c 2.0-en ore :',211y 7111 

7s.t.Ict fiult, 3 f!r.lt v.trih 45 

tLrou-!.: t centrA. part c Gec. • 

and 9 f%-,11t bt tic: it form-

tion strndc.l!ry bound-ir/ bet.o n 5 ,inc 36, 

2. 3-2A *, • •.•4 (nl. 1). All tese flJlts din 

%Net or nortrest qt ..!neles 60° to .90° , 

hv thc: older rocks on tclr hanir! wnll side, nnd 

ore protyibly r'vt:rtie ..;ontet 

fault at the surface 61ne eo° norhwest Hit (A fi 

de”th of 500 ft in t'.e Fully !All mine it j3ina 

the fully Hill c4c r :lore and at lower 1 vl d178 

about 700 sollte=3st. 
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 ir -cAoud 

liestotv in the vicinity of Thrtde is cn,t, by 

•tLJ t Vree flflts t',4t 

d 4 -ly to t:oc;.1n:: r .; 

1. 3; • o or t!'.et 72-t1y filled 

tj:1s it tiees 

liely thtt scverk.1 otr.r f10 J7Artz Glorite cAkes 

ttit cut. t:.e 117;:cstone parpalcl t trike alv 

:irk Ihot!,,r11,--iw or FArlie 

LC cx;j!I • to the tv.?aao-

eneous 11to1oy ol tLe 11 tor t the ftot 

t' t f- 2,11uil where not tillt!e, by c:urtz diorite, 

Irc 1,1- ly healed by recrystAllization (:)!: the 11'11e-

stnne. eA.denctl si.wcettv VI%t te outYwest 

zildc on t.( i'..21ts may have movcd dovr. crocs 

vocti-in frJ:n ir td'c ::J1.th of -nrlDle 

norte%stward across .:,t3-11,;e to C,uri :reek shows An 

Pol, tront, t':ickness of 5000 to 6Ck);.I feet of 1i;lie2tone, 

(iisrc,.Ardin the strike faultv$. Hoviever, if e oh 

,$)f t 0.irce or four sowest-dipning faults crossed 

te line of f;C . 1O i lssu:ned to 1 -.1ve nor7.'.1 

rtt (outlr.yizst e,e, t),.e app-Irunt 

ticknr;ris of •Ve, 1..1d Uc reAacod to a 

more rcusonatic i, u €. vi t„ on t'ne 

othtr. woulc V. A) tAcknesti. 

Evinc:. of fuslil1n16 horizons ti.r,-Juut t!7e -cA.oud 

https://t:oc;.1n


 

�

by .efAcr / in 1 I lreri ...... 

• LE to o L.) h1p re!.oL( tht 1 of trick-

no3r, aric Thultine in foraOun. 

trInsvmrsiie faults 

Mk! trnsverse n.t:Ilt in 

b. .1.r•;FA is tlIc f•tilt (pls. 1 and 3), 

1/4ither 1 flt in tic lclucle: (a) 

tnobctht uisr4m; t;:c thct 

a filt -.1but elst— 

vt:t In :it butN%ecn sec, 33 and Z4, 

T. :14. iN.; and (e) a f- ult otrikir 1;. 10° 

• 41-1, 1,:1rr(-ly in bee. L I, I. 33 2 - ., 

r t-.e.tiee uuotttrn etip;.0 Of tEap. 2. ozIt or 

these fults v.crt ,sut Liven in lield but nrc 

inferrd from the offset or rock units, 

• .1c!I fault 

extont. rroul vc:- t of t.it, uf Mckerz.3 ulch 

abouT. -. 10° :. Lo;' iilvIrtert o/ 9 '2.1.1e where 

'Ack,zrs ,u1ch f!);1L.--,The -;•.-

1 
It t.urn 6 46 GO° L. unJ exitinucs to Johns creek. 

Ihe prescncti of tlAs rdAt iv 1,1ferrLd 

The feAin!: curreltin of 

t cC1uci L1: ton of norti.” j).1.ifornia: un-

7ublibhe TjnIvrtAty, p. 1-166. 
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th .t t'•.:: ti r_ly.-ft.v:7"; 

L531.:th or flvit iki In 7} 

Lart'tx 

'4 f..e_;.u3.*; t!:e 

fc).-ti-)n is ::11.sa35.n:., n 

!trL. 

Occ. 21, 

-17't the •- --:„.1J.d 

tloi. urits 

on ett,',C7 r:-o\t,r4 

• • r‘' r t.he (117.7•07. ion 

or 7 t 1.-)c..eftuse 

•- it' Q72 di7.), is un 

), norn. 

s 

hir zon€:s 

Tn the 37y 'tEr Thi c1 irt. al.so 

`41,e, vio.inity of t'- c •=ftcrt:os.2t ine, Ire zones 

cf 1.1.s.'',1.1 sl*:c.rt- t rock (is COO 

ff;.?et z n. 7: 1 .7. t:'0.0( k't for r.ttmut 

for 30:1:0 t ).on , - ;:trlitc... but 

fosi k*Y.ter143 for ors, thlr iY fet,. In 

ht nri,a r1.i tl*:e onor 

an:', dip southwest toly prtrn3.1o3 f-r:c-
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ture e. Inclic, 're: (a) 1-tcrtt. 

s'nr zone; (b) she .r ,c:tirly In 

•loser 1vcL. D 7-.71e; (c) 

7(-vk r 1 r ; €,X 710F3e.C. far! tnlj nrthver.t of the 

.terth-:.0 t 'ine (n1. 3). In t 11ax 

tors 1)1:-01 tr ui 1, 111 cie ,r zone fan, one 

in :iecs. 20 rn0 34 t, 3 =„, stre nort11-

east, 'ht r'38 thr 1i tar 

zhcir zone, rIn:: te Idc i s1tnr zonfJ, Etrikc north-

v'est. erushinc and stringy out of 

fJ'! : i (Au.irtz p',c,,ocrysts 4) 

nt h-s tl'Aen plaice vcithin the she9r 

t%.c oisnlnoent o rocir, units by the shiy_r 7orts 

t no 71,,ee 

to bu inesureablo oistv, of J19.0 units, and 

sc:nsc on .:1Jf:t. o:' L.. hear 2ones is indetcr-

The shclr a7-, ar to ')e oicr th.:,n mast 

or te hip qn;Je inc 7tly 11,1ve rormed 

norgneously foldin . IblY Is su. tte 

f:2ct thilt the shear zones . Are larrely in siliceous, 

brittle rocks of the fq111y 7111 ryoi Ito.2hefle 

silice,)us rocks probably trided to rlpturt ,3n; sesr 

vtress r1t17.r tn yield pinsticmlly 

did t!-,:t ovuri!tr.- 1.,..)cis of tl'e it formqtion. 

Th.. 2:;)ncs are of crt 
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) • r :7;bccrause .1 1 re pr:Dnortlor of t - .-r 

in cir,t.rict •r: 

'ummnry deform-Ition 

he sedl%icnt,lry tnr v(Acrinic t' t'e -nst 

“,re deforme;7, !Ino intruded by nlAtic 

and ',y1,1bysnl rJeks nr3b-ly Llte 

tIe. it: ou:' there w-:s oubtltss a rood (w1 of 

•1 (.;rcli.f'ne". t!'C 

oronj sen to•h;-ive t. Iowa: 

(1) Co-:nresE,ion in n (tat or rirthINe.:;t-

sout rew.lted In t'7E: of ,o!A 

of Vu t17. t' t Ir t':c dev, lonmynt 

f !'ountElln Firtiellre in 3 s 

(.') The Pit ,,ivcr te wn:-3 nrobnbly e;711acod 

at t1 tit Vie ovience is not conelnive 

and its e.rlocornr ,q tali(' followed staie 0 of the 

orocny. Howevr, in t et 015:tr1ct 

"ount'A.n stock, .vCAc I blleve6 to be 

Banc! 'It iver stock is :1-iue 

nnd serlred, iri. n subridlnry tocc of t'e 

litolory Ir tne aurcAe of te hn.sta 

litb Is strongly foliated. This folition i boll(Ived 

to h3ve formed qt the ra:ric, time ns tt foi In 



 

stAE! 360t.:7;r1beu 

("..) ri 3ctin. ,Yner— 

!=.:111 in a rirti-i—so ri11 in t'E 

:.orik:3if n,rt'lwest—tre7!Lin folcls 

on c;t rtn. rilf)st 

utiy delazAopt Dirt of tl'e 

.iii or ;Ve ,rek 

Vcs art'. d ,nly snoorly—aeftrIed vars. 

(..,:p-ouir.:1 -1; r1/ t1 .t.cr.1 

it Qi of .710:51vE. li'stono 

an 7.0 t3 Cloud 

1)tt.i .fst,17 uaL4t,rn side 

of r3ent.3o on 

tniv, 01:t of 

anobit fort.!on °lot ur tthe 

nr)rt'lwnrd r,..1%tive to '411 :c:loud 11 (.;,, tone. 

The 11n3to1'ic rot . 6 into iLi 

of no,:qiiiest .R;rike .tno '1,mt;t,;J:Jt, i i. in. turn 

into H3ek3 1,rt 1:-,ter,11 

:Y% • 13• he !'urf-tion r units 

rent o: Vie ,c13.16 lic;Lestc,nt: likewise r:re andcr 

te.n:- i..)n at thlz. az, k;1.0,- nL t.c. .', atit.',Ide of 

mwt tiortbw(.34., in 

t.)ain area. 

In con o unction vItait lati.n of tr,e : °Cloud 

ftult n r'rn of ::1.01t—l'Ayr .1 lat.Ilts ',ere fonrled 

swILIIJus. 
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in t OcinlLy of 'ully i;onner 

'idch (nl. Z). 1Therze 

unwv; rczneet to the 

f1 fILl tams fit f- r. This .ov•'nt 

is in:A.C'ttfd bj ,AnDr dr717: folds in bAo 

1,`:e f1.11t zonr. by to rJrthrard bf,nd of 11-:)rttvest-

trin, folc. '.(s north of' the :quaw reI irrn 

(nls. 1 lnd 3). 77. un It '-nears tht (:urinc stave 

3 of thc or, y t bl,ck repre:cc,ntd nnproAinly 

by the belt oC 3m.ovIt fortion 

arse and ':own oit lis 

northrnl in rA.'tiun to thc rocks on st .e. 

(4)Probt.11:.; cont.::or2nJus w1th 0,0 

dev, 1.D7nt in stac.c 5 tf.) in-

ectill of m'Ific flurtz diorite im relitod dikt_s 

talon t and, In plccs, nlonc bcddln. 

It is n-)tort!.:! t : t, -it a :Linor 

tLe tr. virtuH.ly re:Arictc:d to the 

Aet 0' :TcOlJud fault. 

(5)Tycroter 1 ictivity, IVAch res. ted In 

widesnrcHd llhitizatlon, sllicifiction, chloritiza-

tion, an oV-AcJi tins of si.lttlon cinmtin:- in 

sulfie raincr liz$Atton, raly have W;n 6urtm=r stre 

3 :Jilt cwItinud after t'-x2 rock or e:n 

place(;, by ntct t,t intrlve 

rock thc- r;c1vc #11.s .1. hl; ult-red. faults. 
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sli,htly prcec&,1 or !Acco:nnf:ric_d 

(6) The yoqn(Fes :;tructurct; in. t'-:e tre 

minor ch—n.i-le cut dl.kt rocks fInd in a 

few nlat.:es cA, -:7.t)ser these for.r.ed 

A.n..-11 stage of t r.r oro.ny or nt so::e 1:Aer 

could not be asccrtnirv.,d. 

Post—oro ric Ill;tt)ry 

7ost—oiwnic denosit:- in 171 lrec 'include 

te Jusc,In faruation of !:11ocene bqselt flows 

of 7lioccne or -1.e1stocone v.rious uncon— 

solidtated dcr)osito of Pleitoccne or ..:scent; e. 

rock:, of ;:retIceous or er(rly Tertiary !xio are 

e.losed b,ut rive ecOlt'iry 

roca of Lte .:;rctqcoqc., ace crop out a r:lle or 

so sout V1c., :•;FIT, boundary, and flt.ivial conwlom— 

er3te of ''ocene a,fe crons out just et of 117) 

area. 

Tuncan formntion 

eneral chnracter ant. ArAritution 

ftc 'T'uscrin fomItion -Irst described lnt1 

rigle6 by Diller (185, o. 1), I wns 1.ter renamcd 

the "Tuscan tuff" bi Turner (1.96, P. 540.-b42) 

Liner (1906, p. 6) followed Turner's reNisr,d non.len— 

c:Lture in his description of th !,eddirv- quidrqn4e. 
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flders,in (1?3, o. 215-276), n”nlied tt7: n me "Turten 

form,Ainn" because vc!.r littl of tc unit is tuff 

An "TIALlcr, 1,off" is nerefore Tdsleqding 

anc': t*tc v.rit;7:r h r)lloted tinoloFy. 

Tn thc' Yhfist7, Tusc-n 

, ly of sort, frlablo tuff hreceirl. 

It cik;fly so,1:cst of theit Aver and 

underlies tinny of t,c, 1.;w, rounded .11.1s in the :3Jut'.-.— 

f.Instrn prt c) t nort of the 

ivelr in sec, Z6, T. 34 L., .1 • , and 

in sec. 30, T. 34 ;=.1 are nortrn.st 

known occ6rroncev of te Tuscli for7!ltion. 

The um2c:oriced Tuscn form.:tiun lies wit !:corked 

unconfority on eformcd 1:184 .1t rocks, incldinF 

the _ckkas anc.3.51te, the Mill ryolito, and 

Tthe Pit for-v'.tion. Tusc,?,n lis on a surftIce 

of 1oi relief. 

she t'A:;kncss :Lwcan for:Ation rnrcls 

from A few feet to a maximum. or shout 360 feet on 

a h1.I.1 between secs, 34 and 35, T. 34 N,, R. 2 “. 

Tonopranic exorctsl.on 

The topoie surftce dcvloned on t -te jAiscn 

forx.ction 1(3 chnrnotrtzed by broad, sllow villeys 

and rounde ridcs that strld )1:;t in mlrked contrast 

to V:e c• rides and V—shiped vt_~I lets 
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c!Irved in the bat;e-ient rf)cks, The subued 

an7Ilrently rosult ic' 1e (1::!r.)ctr of 

t2le tuff breccia wit a rulAn r-Ac 1•:1'11-

tratln. rinoff is Crius at ri Animu, and 

the dev!loplient of :711111ct,: in LHe tuff breccia is 

wuch 1or ri tr t1.-.c older rocs. Numerouv, 

thA, is*ue rn:)1;.: of tLe Tuscan dJrin 

the otrth. rt early suraer furt!--:er attest to tl:e 

perlimability of t forntion• 

nctronhy 

The Aisc'tn fur- : t1D*1 in tTc: copPer-

zinc cfttrIct 18 030!loscd of :d.sive untwjdPd tuff 

brc,cci-!. It c3n.:;1:As or 1ock ot sever-J cinds 

of 1,,:ac,in1c rcks hnhzirdiy di.:tributod in 

ltt :ray-to brownis11-( turfrJcous 

mutrix, -7̂ h(; blocks ml(c. un 10 to 50 percent of the 

tuff breccia. They are arwul.lr and rrrie fro n 

fraction of an Inch to about 6 feot in 

Plocks or framents vAnc17v from 1 to inos In 

dliameter lrc rA>t coon. Thci bl;-)ekz:, •re cailosd 

of (incite porphyry, dark bron oboldism, b1.c ob-

siL.Ltu, and- sevr-1 textuvAl v-J'icti of 

bnsalt. .0.09 110Its.gray mqtrix of te tuff brecclu 

in tlAn section corist of ii t c fragnts of qn-

https://arwul.lr


dcsite, bas,11t, ..1,16s, and %rcr elncts 

of quartz, plq, it, ny'lrsthene, 9.nd 

Tacnetitt: in fi!‘—craintd mesosis of crjst 1 

cllts 71.s :rosicm t3 scol;r 

nw-ly t!lc triI te blocks 01' the tuff 

breccia concentr_ited residuals on the surface. 

itge 

No fossils have been found in te ':uscan forma-

7om?ver, riderson (1933, p. 230), bs s!awn 

tL;it tLc Thsc,..ol is the rqme age as the ;:ebealz! Comb— 

tt)n, crir's out o7 te vet slce of thc acr 

nnt Aver v- floy tout - of :.cddirv. lnd cortnins 

verte;brnte for,sils of ln.te Tliocene 

T're—Thsean tononhy 

The surflce on AvIch thc tuff breccitl of to 

fortion was e7losited Oifferent south of 

:lekbonc t'- nn nortl-, of .'outh of 

'!ickl; n 1de thc pre—Tusc,In 1-ndsw37Ne was Ynilarently 

a plfiin of relif y-ontly west, or south-' 

went, 01(.:refts norVI of the rite it -lush more 

rurged. 

The low relict s-Alt* of :!.&c:bon, :104:-e is :1.isted 

by: (1) the present unlands on either side or Little 

Cow ;x•eek are broud surfaces of low roliisr, ?At,. mrmy 



of t:Ie 1.1cep conned by te :uscAn foration; 

(F) t 0: tc, ':uscnn --ntly 

tLe 1.tituilo of discrcLt: outlior; 

cJirci.Anc closely vith a hynotlieticl nil? te 

throu.liout t;*c aren; in (3) tIle tilekict8 of 0,-Jlte 

sectic:n.s J: r.:71( Mr3crJ1 fcrati,uri benttn n bctsalt 

ca'''.1121:• Is fair.14 wliforn scuth or .1c;:bon 

Nort of 'Thc0Jonc. the pro-:uucn landscape 

vas -.or rued. 7he 61:3tributi.)n of turf breccia 

t-t in Wtti :ulded 1on -4'271c;s 

'proxi-toly cJincidc te preent 

c.lnyon !- rid fiver (n1. 1). In sec. 22, 
-,. 64 I. 2 nenr of 'rent 

Clnyon, b:Isc of the turf breccia in at an 

)f 7h fcet, wile f!irtl.mr so 

in sec. 34, 34 '., A., it is at an A.titudo 

of 1600 fc,ct. rrot ic loc lit./ in sec. 341 t2:e Jn-

ccstr%1 Cdnyon a711.1rently turncd westwqrd, 

ac :1...)tn by tLe 3cricri of tuff ,)r..ecola out 

eiteni from sec. 34 nlo- thc. nort of -1*:3r-

pine ..:rAnyon. !or the Pit Aver, in F:cc. 3, 1. 34 N., 
•••, 1.) •the bsc of tl:e Tusc..::n for .tion is 5t 

A.tbin a int..t7cetilLitude of 1200 fet-:t. (nl. 1.) 

of "ti to 4 xilleG, t!)crffore, c)° Vs: bsc 

3f the for.Aatl3n ducre se 1)75 fret, 
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trou:hout V,c_ entire distince t1* tuff breccia 

outil, r 1;) hi .!1,r riur uncrl:tin by 

roc?:::;* tc ren(7.(,:If 1 

in nrc--unc‘)n ttrio in about :11(1 locfition 

as the prt:sent .1.1,;-arninc JrIjon. 

.hc1 1 4/)e,!urronec of outlicrs of tuff breccia aior 

t - e .7)it , her in t'.e. ' sec. 35, ft, 34 N., 1i. 3 

lnd In t'm !I, sec. ,r, :. 34 R. 2 shows thot: 

(1) t'"e 'it ivc.1%, at lcIst betto(n rec. 36 lnd 32, 

WL 1 ruximntely thc :are 7osltion Olen t'o Iun-

c-n frtiin was . it is to.Arly; and (L':AcItcd .) 

t, in ;1c, t. itil tuie of t.c preser:t canyon 

bottom beru'It is about E3;5 feet nnd the 

b-Ise of' th,: ti. iT Urecl,i in outliers I]on' the eAvon 

is y,,00 r(ct, t;;c- amount or downcttin . of Its canyon 

sitter ,ionosltin of te Tuscin is nt less than 375 

feet. If aownouttin, of tY,e cslnyons Is used as a 

nlerleurc e the .ciTOunt of ullift strte. ":uscAn tic is 

37b feet. 

144821t f1,m0 

Generd ohYlract(,r rn latribution 

9'Asalt oro u out in the ooutoflstern part of 

t'nc 1,.t7, area as smq11, discortInuus he 

bsalt in overiies the Tu:,>oan formati.on 

but in a few ple_cet 14; lies on the b!ksement rocks. 
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Individual bocf,if:s of bftw..zi.t 431.7.iL fer, 

2-:undred sunrc. 4f0;ct to about i n rlrc)f' a squ,irc 

b:apIlt 1E, ,ICrer(' tilt, u ito 7-cn ril 

tyncs n tic :Aap (7)1. 1) Cine tyni, ex7Eed -ttirtl; 

north ir. 1:t of :.Iarloaf, is dirk :;rAy, 

and locolly :snotIler t.1709 whicl; fors 

sc211.1ix bodies, is ex7m6,A1 nort qrd of 

Tt is 7.eC1um -ray and co only for 'yritic, 

it! nbenocryst:3 -1 - loc1ase and nyroxene. 

t:ird trc, which cl,labasic texture, is exnosed 

in t.o iii arr:s Ve extreme eastern teide of 

t , 

'P-7f7 1)r:1st:tits 1.110..2r to overlie t':As Tuscan forrls-

tln 1t ot:lon!ll unconfoity. Phis roLltlon is 

suizeste in ecAfer:1 pinces, 18 for 

cx.fv_nic in t'e nortLcst n.irt of 8cc. 35, T. 34 N., 

R. 2 sw t cc;ntact butveen tt7 anhanitic 

balsalt tind tH - turf brecia of tbr juson is stccply 

inclincd o:' vcrtical. Apparently t1J: bnsalt filled 

steen-wrdleCi cilics in tht' tAiff breccia. 

The .11axLiu::, tIcknss or t..c vk ,rly !Iph9_n1tic 

bt.isalt is approxtiAely feet in t'.e, eostorn prt 

Of sec. 35, T. 34 i'., R. 2 'retest tIck 

ness of medium porIlhyritic tinsAt is about 

1:1.- ..rpine Canyon.) feet near the herid of :utr, 
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".e t. o, r•-17)hy 

Uark ,‘ray 

Min sectict:. t;;;_ c rk 

1.t.u;alt is compLicLI of ni . cloclsell nrc.f 

in about eual proportiGns, and !Abot 5 percent 7nr.-

netitf- finc 

text ;re 1 sicroporrtyritic, it h.)fulcrilitic 

CO-64 ) occur. frsc, 

otron, ly corroded :;,Inroicnocrystf.,,, tar::: !Is -.1crolites 

in the cr,)urass. alr,o occurs 

cor odck: Acrophenocrysts, ut V;cs. bul± of .t.( ite 

is In the for7 of tiny rrAns In the :-.rJunmass, 

7hc r,reen Fiqs.sy roun'rrinss h s ,cerractIvr: 

inex sli;htly less than Cannch balsrim. 

v(,sic141.:r f7acics te 1,Ark ;?.ray apIpAnttic 

basqlt di;fcr fro rv:n-v,-7sicular ,,escribcd 

ut,ove in t'% •t olivine is nrent in nmounts lo rent 

as 10 peroonto iddin,Ftite an(); paponite oecr n5 

altortion products. 

Hyperstene...mu It:` 

The 11171rsthene...xi..iti; bdsalt .415 

.nith a porT)hyriLic, ard locally as diktitaxitic, 

texti_kre. Thin s(tions snort Cltit it cx1-121.3 
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about GO pereenI; 71:Tloclao( (:,n61), vith 11:71(:rsthtlne 

,!.nd iu I t 1r tuout equl 7;--_-;-,ortIons Is vtirttal 

2.1rt(J!.71:.1, 

Thf.) rroun.c -Jas texwire 

lar. H.11,)clase :.icrphonocryst as .-:11c1) us 

1 raI v. Jcrolitos in th,.; jr..- The 'ie,ndrc:lss. 

croucryt rata'%egi onctlit3:v zonin W-1 

only 'ore c1c1c t1.ar the rims. 

ilypi'rsthcne an( nuito (2'c. z1-) -Ibout 10 to 15 

pexent rJeki. ..)ceur as crystals 

.1 to .3 mn acroov. u ite plienocrysts 

as uc HS : n, 

Inke un about 5 percent of tl:e rock, and 7i few 'Icro-

phenocrysL23 of - -Jilen:rs. wit?: wile, nelrly oaque.;xycr! 

border fire also present. 

Diabase 

'm11 bodies of ec,-liprAnii.iqr diabosc are exposed 

in 1.43c. 20, T. 34 - nortive!q end 

of u 70-Irs of dnr1- :1y baa3lt nn6 in voc:3. 

34 and 3b, T. 34 N. 2 o body of C.i,rk 

fo',anitic basalt. 'rho .Anbase occurs mo.inly 

as jumble of blocks tl;nt mantle tcburface ri 

cc its rel!itionsip to basalt cul6 n,:A be 

detcmined. It weathers to a dark brown soil. 



A thin section sholks t!tat t?;(-2 

about U) 'prct.rt. r)1. 1:HocliAse (r7,„) as l'!theu, 25 

per,,,crt, orfrI1Lic - 11j, and 

ab-J,Jt prc, 01J7inc, 5 ,,,mont t i 3 per— 

ult :::117,1t,D, boyAin.itc ;.ls an ,.LIZrttin 

or 

sAnbqE,O, :Hlic') is y-.-;ur ts'!2 -:uscra 

rormr-Al7, Itiy mark 5as.:41t trs 

extrud, or 1,, :fly 1c tie 'ytii.11ne 

inti3ric)r of thick blsalt flow. 

The bR6alt flov.s overlyin tYc, T1.3can foration 

prol2bly of 1.to I'llocc:nc or cnrly Pleistocwle 

• 

U. nconsolV,Ited 

riconzoliotod (eiduLiitt; of .tornlry Lie include 

colluviu,tiu, 1anct:311de 6GLrio, ]luvial 

frin an(., tGrrace deposits. 

Colluvium or slope wash for-:,s a vonear on many 

ilislopc, but it wno mw:ncd orij Tbhere it cffective— 

ly obcurcc Vle bcIdkock, Ths J.1 ourvw-loeF re 

east of ivcr .ancl o; Tot,1 fount41n. 

Tallie is n,f)t dil"fertlated fro'l cn,liuviLel. It 

occurs mainly beneath c111:113 of 7'cClow:, liestone 
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and is f.:31 1,,ccl by calcitn. 

dc3nov1to occur on u-r;er slops of 

r tin, f)n e5;-„ u: orao 

of ":;.c canyon 01' Little 

,.;reek jut r.,)rt!1 or ne ftrt1'.3u•t 

Mene (13uvium by 

teir top:)crnhy t ccon 2rescnce 

of s scar on the upill sife. :ost of t11( 

on . A)1111 -ountuin and rorve -ountnIn reto 

colluvioh on the co.mhill siGo. 

)11.vin.1 f'.n tin. terrace (Ailosits occur ,)inly 

et lov, -11t1tudes tlonr The 1::.ri.Test. 

alluvi,d unocrlits tt-;, lor 74-te elst of 2ully 

rill. It conists of subroundvd rock fragcnts de-

riveC fr(y% bcdrocl:s "ountein in 1 slty 

m'Atrix. The b-e:e ceosit slorcs 

an anilfi of abut C decrees, tint. rel!!XiTAr: thick-

nf.)ss iz about 20 feet. 1.171-x,T. cnd of t%c Nn 

1**rides into colluvium and landslide debris. L'errace 

dc7Io!-)its occ:ur :c;ainly Rt iltitudPs of 1000 rAnd 1.tO 

feet. Mc trIele of the deosits is .r ox1tniti'1y 

horizontql. Lock frqw,rits rir, of lonal oricin, 

and thc; mIstrix chos about te -ame (e6roo of 

fic,fitlon ls nlluvill 1"'n dc7,o5vits• 

si unusul tine of lepooit cialstinr 

rock fn:le-,cnts in a mutrix of lt%onite in cxnov,ed 



at of h,;,,;-17;.;,.; ref:t Lito -r, rt of 

A.nit 1 i t . 6J6is t)o f3.'.111 

Lo vtp but Is tnioccli J'or 

etrvcC;i1 rcet t (:)!J'ar. It 

ly 

hys1 o.".,r/.1nLy 

The ..Rst :n:15tn 717)re 11c6 t‘?,o 

llornhic Tht oartici QV n..)rth 

o- tt IL • is in .6-:(,v 

(„.131er, 1n6, n. 1; Jerft1n.111 1D33), 

wIlf.rofip trt.)3rti..)n eJut, of* the It Iv€.r ,Arm is 

in t province (Jen:,int., 

n. 1) lncl,:deil te ,Aw:A of the 

"IL in ,:l etLltfd the Ticdwn 711in 

-Le 16 .;) 1)n?:(.r 

Ttc trjo[* 4.re 16 drrrtntod by tbo 

c.4t, lar!- e etraa r -11 of v.-lch flow 

sr)utrws3t. :rci Wecit to et •I.cna; -rre tie 

tr.)r,0,1toiVf, 01.u( 

. it iivcro ..111‘; fitle :;r:1!. Thc 

_eA:fis ,011 L oC t 

,.4ap( 1;. 1 rin,1 n1. 1) ic 'z'Ir nions 'ire n8rt-

1y fllodt:o by ,:rf,ok, the :;-lt 

and LILLI.. ;:jY. tr.!13vcrec to the 

ztrltcLIrk:, of the: ..ar.!rn-

mento -iver end t'J! Avr tart -, m,,rc or lcsa 



plarullel to V16 t.':,v4ioturc. In 

north o tc.: it ylvr arm is in Lte yoA,h, v.tc!reus 

of ')1 4.; ivfir 'Ar_;.; it is in c-irly youth. 

..,,1;1to by ,Ickbor!c 1dc tJetween 

tLe it Avcr and Litle .reek an 

soLtnit of .1.i-ttle Ire rexnqnts of if.Par-

face of T r(dief t.t lones tv.tst t to 

r- 0r 1T) 1re,;3tc, of lbut 14D feet - witin the -. 

tiboot L5J feet .Itove 

1(2vel of Mcktont. id;2..e (p1. 1), prob9Uy a 

mc/nnock or su.rfee. hcsurfce inoisf,d by 

Little ,:olt tnd it triutnrits to denths 

of COU to 00j feet. .1'tin or !*if :.ile to cl mile 

Of tic main strti t'c tritnries of litAe Cow 

fl,itpted by fuirly 

c'rn riecs unoc:rl!iir by hnrd btient rocks. Put 

fro ttp hetTen 

trIut!1r1 '.rod ill-C.. are oa.nly t:pned by 

50 to 1J0 fcct of tuff bre:,e1:1 of t.E1 Yusc.in 

forYAtiv. Inn r 1, thc triLutftries where deeply 

incisc,d into VOCE ti Little 'jow 

;roCc. ark] tho It ivor hive ecrwe1y devfdoped 

t7'ellieed p'Atrn, hiher townrd t vain 

divith:v whore th streaw not yet e'1y incised 

the 7x1ttcrn in le7r2r1tic. Ibe trelliseA nittt_tin 

nrobbly develops in re5nonse to tl:e north-



pest-treo,dft Fr'.. t44,)n in thc 

Mc! t- -it 

is 6'11. Lli t idpe 

lt .4-An,:t. i„; :rueL (Ititucle 

L7L4 feet). 

.roe,, vcr tranevorse t;.) the 

strut.lv.Are t,ributry 

C. if to :r6ak iJm-

anc t.: fl '!rt 

ht;, trz11:im ').Att,..!rn L. and 

reflt'C:,1r1 u 'fl::-fits. ::itruc;tur,11 7- 1--Cf.test 

tr4.n;:m boaz o: Pit l',:rv.,tic.7. (nl. 1). 

;1:e betv,.er, c_r,j V.(2 : 

..intfx. L:Jtiir ;.;1 171t, 435 feet) 

Bill' orciJ -2;_:..t) the lcilev.t 

peaks in 'no7;er n'.:isio-

cr(17)1110 l'ero in ' s.:..!tr Jr 1.!1 

ot eCt)uti tht, et si6e of 

Ivor. to 50,7,0 nlJef rt'le 

11t.:;re roma cliff's 

203v feet ir r,!rked 

ccintrast to thf.. l'etAc.t&nt rtdiqeont 

to tte eot or th -ccrr-w drainiv70 

;,.:sirs on t!,c !'orrie n , .;ie, 

t' f? 1.4.n.,..• :•' )C,($ 

to pfittum 13 ut 'tco' 
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and its tribut!=lriez Beni.:' strem:is el.st of 

:econd Freer hove 3 trellis p.ittrn, reflectim: oon-

trol by thc bedded &'M A. t!lrf of t1-,e underlyine 

Pit formation. 

';he inner slopes of Thwn "'punt tin and orse 

Yountain are scarred by landslides (p1. 1). These 

eliues 3re recognized by their step-likc tons and by 

the jumble of boulders Knc loose rock debris tbnt 

cor,ipoe them. That the slides have nut moved much 

in recent ties is shown by the absence of cracks 

in the slide and by V.!c presence of everrreen trees 

as much us tJA.t...e fct in dieter ,7rowin on the 

slides. all, pernent sprins isFue rro near the 

toes of so,!le lndslides, mflectirw their greater 

nemeability and c.ipaeity for absorb in water As 

oxim,ired L.o the underlying bedrock. 

North of Mackbone Idge traces 3f prob:3ble 

old vane:- levels urc! visible aloni.z• t1-1 cnyons of 

four nrincipal streams. These oli3. levels are 

marked by sainll pecks qn6 flat-to.7ped snurs with 

ooarnon A.titudes. Some levels, however, .17e marked 

in part by denosits of cvAvtl, denositz: of the 

Tuscan rorm!ttion, or deposits of spongy transrtoted 

cJivnicuous levels !Aro at about 

1025 feet, 1250 feet, and 1750 feet. 
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he 1025 foot level anpears most nrominently 

llonF :r7uat 1.0ek 7.1:(,re it is zvirked in so7::e 7)1-,xes 

by bench-like oe -)osits of ,r5velly matoril cr.)!List-

inr of b:11ders .:J1:a cobbles in a silty m9trix. 

The 150 foot level is zlriced by fl%t-top7ed srs 

and peaks rilonc the T'it iver and cluasv C.reek. 

lone the Pit 'Aver it is also marked by c;dtlit:,rs L)f 

TusoLn formmtion in the sec. 36, T. 34 

7. 3 and the NE sec. 32, i. 4 ,11 R. 

These to outliers of 211scan f'ortion ,::re especially 

sip,nificant in th'!.t they shot tht the nmount of eIown-

cuttin by the it -1wr since Tuscan time is about 

375 feet irvismuch as thc present cnyon bottoN is 

825 feet. The level at 1750 feet is ;11rkcd on tLe 

divide bcAween ArL5t reek and :'econd Creek by a de-

Posit snorry transported limonite as much as 20 

feet tick in sore lace'. It crops out inttir:Attent-

ly, forArr.: a skii on the hillsies and wss traced 

for about a mile and n half. 

The old levels topfirently mark temporary hise 

levels during which stree7is wi:lened their vtIlleys 

by lateral cuttinv. No levels of t1s type were 

observed aloni: Little Co% jreck, surestini7. that 

tis strotrrA wvle into beirv. after VIP Tuscn roma-

tion tv,d been ,jenc)siti:d. Little ov J;rfJ,It ts incised 

itself about GO to 800 feet into the nre-usc,In 
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rocks V:11: the 7'it nivfx has been cutting. its cgnyon 

375 feet into the pre-Tuscan rocks. 

eathering 

The rocks of the district weathered to cenths 

rrining T.ottly frJm n fraction of Hn inch to about 

40 or 50 fect.Fore 1.y, wentherirw hn!, nemqvIlted 

to deaths as grerlt as 100 feet al, stronc frlo-

ture!J. The :rost deeTAy reflthered rocks are the feld-

spatic v- intrusive rocks. The limestones,,)1clnic 

sh'iles, and siliceous volc-Inic rocks contain mirwral 

assfiiabla,:-.es that are rtivoly tarlble under conditions 

of reaterine and ore t'nerefore t(.• 

:,e.filtherine of the feldspatY:ic rocks causes the 

feldsnars to alter to clay :ninerals, clAefly kaolin-

ite, an c: ferrovignesi9.n Tlinerals to oxidize. 

This ilelds a rotten rock or salrolite tht commonly 

has or buff c',)loratin ovin to the nresence 

of more or less iron oxide. Tho mafic and intermed-

iate volcnnic rocks went-r to red or reddleh-brJwn, 

whereas the siliceous rocks; commonly weither buff. 

The agents werthc-rinc penerally poletrote 

downit-,rd from V- c surface alonF faults and 

fractures. In areas vhere rentherin is a tev feet 

or more (icon Idj!-Icent to to frr.ctur,:'s is 

-251-



qltered first !ant:, ith Tlenctrates 

more and more deelly into the r:Dck mcie,ses between 

fractures until th4y. are completely alterk! to sap-

rolite. te ‘z;urface thi:s sanrolite 

breaks dov,7 to clluvium and soil, ane. is eroded 

away. 

Ore deposits 

7.encrol st!ttement 

The ast ':hasta coprc —zinc diztrict has produce% 

in Vie -roxiaelte order of dollar value, copner, 

zinc, silvr, Foie, iron, and lead. The total 

val-le of there mctals, oIcludin,,. iron, its abuut 

416,000,0:)0, of which copper has accounted for 

aliFhtly Tore than hnlf. The vIlue of iron producf2d 

is not known. !,11 the base motcl production and 

practic • lly till the precious metal production h7ls come 

fr ..n the :Lilly -tar-Co-r,)er City area 

and from the 'fterthouchtonkey area (pl. 4). 

Iron ore has been Produced from the ::h9stn Iron 

nine In sec. 26, T. 34 4 

Three typcs of or depot: its present in the dis-

trict are: 1) massive sulfiCe deposits, 2) contact 

metasowatic maom(Aite cie7)osito, and 3) quartz veins. 

virtually all the blse me=tal proOuction h'is been 

-252-



from t:e masive suiftle deozitt, ond rr.ot of the 

rexairer of th iv renort IF devotc to te descrip-

tion of these den:)$ttf.,„ oUm-r tiro tyrs of 

denoslts hlvo been of riiich lets 1- nortcmce as producers 

and are here tre9ted only brifly, 

ArinF this investiltion the only base motal 

iiincs accessible %ore pirta of the :Ifterthou-t mine 

ar3 pvIrts of the T.ully Hill minv, 7robbly no 

mor then 10 nercent of the individual stiJne,s and 

orc bocs in tl7e '2istr1ct rero cE en. !7,:rice it has 

been necccsary to rely ';!eavily on man!:,, records, and 

renortt kinly made available by,the Glidden Co'npany• 

tN. 'oronado ::onper and 'Arc Co-rpany, The 

histox-f of the district, ac to17 as certAn descrip-

tive clta, is token lar6re1y from publisNA sources, 

These v:!riouL, sources of information, both published 

and unnublied, =are In :any nays ineJ-n7lete rind 

even contradict,ory, The author hus tried to b( 

objective in els!An11Rtin this material with that 

derived from hie o.?n observations in order to Five 

as co:liplete a picture of tYc sulfide 7losits as 

possible, 7owevor, it is orly fair to ;,15r that :host 

of the detailed descrlot.ion nrcticllly ell of 

the interpretation is ty:a on V:e. few ore 'Jodics 

that were accssible iri!l• the nrenent study. 

For this reason, so:11c fctur,:s of the deposits my 



be ovoremphasized, and other features ,F3scrvin, . of 

more ttention underezaphasized or even ovvr-

looked. 

Cne sulVie deposits consist of intlividual 

lense ur roues of lL=nscs that re7lace 

the :Tully Hill rhyolite an to a lesser extent the 

?it formation. 'U 8t of the lenses are alone shear 

zones in the "ully rhyolit; or al:)n, fault 

contact3 betNteen the Hill and Pit fonilations. 

The 1.:.nsos ::costly tabular and arc stce7p1y inclined 

from the horizuntdl. , few lenses are cip,r-shped. 

They range from a rev, inches to a Lich tis 400 feet 

in ereaterit ,:imtnsion. In the fully Hill mine about 

lt discrete L- nac,s, separated by only a few feet of 

country rock, tirc loctilizcd alone. a steeply dipping 

shear ;)r.e, and thus for a (.eposit th,:lt in :ross 

aspect has the s!,;pc? of a tabular lude. In the 

.i'tertIlJu- and ikisin:2: -tar on the other Mind, 

discrete sulfi6 lt_msec occur alonr severA. different 

faults and shaqr zones; so:tie lenses in the3e nines 

are islated fro:: their neiThbors by qs -. Lie! as 

scvt,;r1 hundred fez.A of blIrren country 

The sulfie lenses are structurally controlled 

by otoeply dippint.7, sheer tones art, fJults witir the 

many flill rhyolite nit:I between the gully =i11 and 

fornatione, b: a stratirrAnhic cover of; 
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shale of the ',A.', forLIntion t:, +A is thou: _t Co have 

Acted ls a lurrier to the TAncralizin:: fluids. The 

shear :ones . and faults served as fteder chnnels rand 

the crushed siliceous rock ,:A.thin the shear zones, 

beneath the shale covf.r, wuc a fnvorablc locale for 

the dEnosttion of sulfide minerls. Locally the 

sulfides replace shale. 

The ore con:Astri typicnily of a nine-cr?in&I 

Liixture of pyrite, sphA.critd, chlilcopyrite, g3lena, 

and tetrnedrite-tennantitc, alon with quartz, barite, 

and c;n1clte. -Zhe proportions of these !inerale 

vfAry creotly from place to place. The Individual 

sulfie and gangue minerals cor:nonly are more or 

less segue: ri.ted into discrete layer, so thglt :such 

of tht orc has a bonded structure. 

The overall a.,.,say of :Lost. of te ore mined is 

about 15 to 20 percent zinc, 3 nercent co2per, 0 

to percent lead, 3 ounces of silver, and 0.03 

()Alec p;J10. Iron comonly rnnpes fro:,i 10 to 2f 

percent and insolublc nviterial 25 to 40 percent. 

The ratio of copper to zinc varios 71..en.tly from one 

ore body to another an even within an Individual 

ore body. a reoult, so sulfide lenses hove 

been mined principally for their copper content rind 

others for their zinc content. 



The ltitst bFlse ritItn1 production from the district 

wrIs from ,fterthoucl.it mine in 1952. the 

19 52-1250 tro lenses of sAfi6e ore were is-

covered in ;'ully 1'1111 inc by the Glidden Companym 

under a (!ritrot with the Lftnse inernls - xnlora— 

tion . dministrntion. It aplenrs likely that an in— 

temsive 7,rospcct,!n nrocrqm in .01e distrfct would 

revel-A tlle presence of 3d:.iitIonal 

0001o:71c-illy frv!Drble are-is most likely to 0J)nt;lin 

such lf2nrcs *ire shorn on flure 20. 

History of mining 

The history of mini.tv, in the Est :"harts copper— 

zinc ,district date: bacl: to 1853, when placer 

was ;:lloovered in Tor Creek c-st of Nally Hill. 

The stampede th'it a result of this d13o0very 

resulted in the location of a large number of placer 

.1.sost of aecordin to ubury (1n2, 

n, M) 11.cri.. of lfttle vlquo. The pLIcor :.old was 

aorived in lar;%e prt from the lode 4te7losits on F,ully 

Bill and silifr as well as copper were found to be 

presont with gold in the plmmrs. 

In 1062, about 10 years after the initial 

nlacer discovery, 7~old wis found in the :-7.urface rook 

on the Acoelsior claim near what ras to beco7.:e the 

https://fterthoucl.it


minim. torn .)f* Coper City, by two men naed Onck 

Killini7cr and reult of this 

discovery, -uburi (1002, p. 33) reports that: 

another ruzh into this district w..s 

begun for the loction of the supposed rich 

veins of ,.o1(7 end silver. The bills were 

coIwred by loctiono for muny miles'. 

This activity rasulLed in further 

durin 1E162, of t1-.e 1-211y Kill and Copper 7111 ( .f-

terthotOlt) deposit a. The 13ully Fill-Copper City arc . 

w7is in Lad peen na]rieC the 7ittsburg minInF dis-

trict 61;r in r the 1850's and the Coprir till ( .fter-

tLou,T`A) dencwit wa8 in 01,:4.t 'ins known as the Cow 

Creck tinin ~ district. 

Durin 16&O's minine war; confined larce-

ly to Vac: oxidized ors nar the surface, which were 

rich in precious .1,.,t 1s. thesi; ores were worked 

out utter.tion was riven to extr'Ictin ti.1 metals from 

the brwer ores but Cost attempts wert 

fer shinments of ore evert made frcx:: the Copper 

City mines to 7wansea, ,ales during t'h' early 1050's, 

but, according to Aubury (1002, p. 34), only one 

rcr1117ed a fair profit. This was a 250 ton shiment 

made in no thlit is wlic to Ifiv(.7 ,:ssayed C pereent 

copners 740.00 in Fold, and ',20.00 in sliver per 

ton (:AC.Iury, 1coe, p. 74). 



Owin to the difficulty in trcatinE th ba3c 

ores, the bottom dro-77ed out of the initial mining 

boom in 11365 but t.oro wls a fevival of interest durinC 

the 1370's. mill was LAIL at ;:o!)per pity in 1077 

by the xtri Company and an expensive tram-

way was built to convey ure from dully Hill by »ravity 

to this mill. ,13.bury (190r., p. 34) states that: 

"Durin few yau s (peraps three 

or four) in which this company operated, 

it vus EvAid to have extrRoted as much as 

::640,000 fruai these ores . The J-..xtra 

,:inIng Company wurked only the surface 

ores from these wines, having no successful 

process for the reduction of tte baser 

ores, thoLwsli an attempt was Lladc at roasting". 

The hi6tury of the copper Hill (:fterthought) 

mine in the Cow creek minirw, district was pLasallal 

in uiLind re6pects to the hi:.tory of moppet City and 

Fully Hill. C. 'ecRip who durirk, the lents had 

built the first mill at copper purchased the 

Copper Nill property in 1673 and it was renamed 

the reek mine. Peck mined the oxied ur,217, and 

wade si.Jall :;hipmen Yea to :7wansea, but h %us unable 

to reduce the ore in (A.t of to reverber— 

atory-type furnaces that ht: built around 1875 for 
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V7is purpose. Lntcr man named Ooneph Conlan0 

acculre th proncrty from neck and tried unsuocese.— 

fully to rt0::ce nulride orc In a swill water— 

jackcted turrece of fn t,:)nr :ubury 

(190P, p. 45) reports tt In .!Cdition to .11f:, ti,)rk 

at the 17tertout InIns.? ':=eck In 1C 7C :.1::,covered 

tl!e :..onkey nine, 7 L1cs, he sold t:) 2). J. ook (larinc 

the .sa4x ye,:r for 4,1CO. Tietteen 1e76 and 11.'97 

repertted tttc :pts were ar-tde to oxtract the xetals 

fro: the ors 1,ut little success vc, 9 etteined. 

bout 177, J'Ines '7allee, who in 1f '9 had 

discovpred tlInt the great (7ossan at Iron "ountain 

in th e ':est ''hgsta llstriet cDnt- mounts.Ined 

of pol‘1 .,n.d silver, obt!Ilned the Fully 7111 property. 

drlvinc several explortory sdits ane Jevelop— 

ine cons1r.lerabl;-. ore talles in 1809 sold the 2roperty 

to J. !ar for ►225,000 ( ubury, 1902, p. 75). 

reLa !.Y.ar's acuisition of the property varkod thr; 

beFinning of the mo!_lt active and proGuetivn years 

of the Test 7hnsta district an Vic bezInnin 

of cDpnt:r minirv. The Mlly 7111 7ining Ind 

Cor.npan:y err r for.::ed in 1201 anC:, a sr:lelter. c()sting 

rnoo,000, wit a 017acity of 400 tons per day, wns 

in5t1led. %ceordin,. to fAlloury (1902, p. eo) the 

nroOur:t or this smeltcr vms blister copper, about 
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98 percent fine, wl'Ach waF shinped to a refinry 

built by :cLa on :All von Yull near York City. 

In 1005 the 7A111/ rill pro7erty was acuired by 

the :,:erv,11 .lectric Company, which, in 107, stmr)ed 

oper:ttions in ordcr to re.:loel tl!t) :smelter 

an'2, build to railroad the r,:ine sucker, 1V24, p. 122). 

began wain in 1VOC fInfj accon:inq to -iubury 

(1006, p. 7e), "boA.cs of unurthilly ri sulfides 

v:ere. opuned durin 1208 %itL remarkable cJnistency." 

etvccn ay 1901 and July 1.710 ully Hill 

TJInc, A.nr _nine on tht south7ost 

flank of Fill (pl. 4), proucee more than 400,000 

tons of gold-silvcr-coTpc:r ore valued Est sor:Leting 

like r1,500,000. The crc also contained a Ma 

7)ercenWe of zinc tat was not recovered in te 

Llincet zImeltinp: proccos. 

1:11e activity was taking plIce Lyta 

-:111 cot2 dol of )rospoclAnc y:.13id CeveloP:7ient work . 

vorc oini‘ on c.lseuhere in the "ittsburc mining ding' 

,
trict any t!! 7'eck (fterthJult) and Donkey mines 

in tie ,.7ow Creek eli:ttrict vier qloo rein;::' worked. 

Testern (;old Copany tlle Peck 

7)roperty in 1,:003 and erectnd 1 150 ton win:ter jacketed 

blast rufnace thA, blo'm in 1205 (Tucki.:r, 1?24, 

2. /13). ;.ccordin: (1D1C„ p. 7), this 

s2lelter opi_xnted ;3uccessfully until 12408 during 



CA.c! nuriod the averve yonrly output was 

ihin riclter preduced a corner matte tiqt war shinned 

to a furnace in :„Ilt :,ake City ;rere it was converted 

to blister corner. In 1909 the mine nassed into the 

hqn0.8 of the .fterthour-';t Conner Copcny. 

Vhat might be c!,11ed tl.!e boom erg in the history 

of rninini: in County ended in 1110 when most 

of tY:e smelt(!rs, that at were 

forced to (own because smlter fumes were 

caul in great awe to thc c)untrystfle. ,%ecording 

to tar anpublised rEr on 7 ully Fill Property 

dqtA 1119, by 3. 1!. !ell e,utdorn qnrroximnte-

ly coincided Aith the denlction of co-)ne7 ore at 

Puny 7111, thou;-' ore bAie5 rich in zinc remained 

::urine- the next few yfirs only development 

work; was done in the mines of the !:apt Shasta :Litrict,7 

an6 a ,Trest 0_151 of exnr3rimcntal cork wee Oone to 

devise TAy.? to ellAn :37r.7.1tcr funis rind to recover 

zinc from zinc-ric3. oro boeis tht been avoided 

in the minim~ for copper. : sms11 expPrimenta1 

electric slmltinp ri mt -E1 built, r',1e1 for awhile 

in 1g15 produced 300 to 400 pounds of mrtllic zinc 

per dry (Tucker, 1924, p. 4"2). 

In October 191? t1:E: ',rnsteir interests, known 

as tie Fully 'ill rinirw Company, took ever the 

7 111-Msint? Star propertiev. The 7- isin "tar 
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shaft was repaired and in 191e about 25,000 tons of 

silvf, lower ltivels of,.r-old-copper ore 'r'. t 

th isin :Aar mine, wAc'-. hid hue o.,“,r1'.)oked 

during earlier on(;rltions, wras shin, d to Unitc'd 

;:tates insi ;()ny, smelter 

loc ted it nnett in the ?.est MfAnt- conre?r-zinc 

district. A7nstein onerate6 th x11 7111-1Asing 

7-Aar nrorwrty until n20, daring which ti7e h.e 

built a 150 ton differcntil flotltion nlrt thrt 

was unsuccestil. :iccordirv- to Tucker (19P4, p. 423) 

rnsteir in 1920 sold out to the 'Ilsta ,inc 

Conner Co 'in, of %Mob L. jpcklin we. presi-

dent. A 1b0 ton reverberatory s:,-;eltf.r nnd zinc 

oxide nlant were constructed and %ere in production 

from June until ecez:b;J:r, 1922, when orerations 

mere stopped ov,in to a ro in the nrice of zinc 

oxide. 

LIrin: the ncriod 1909 to 1919 no ore vas mined 

from the :,fterthoui7ht Ane but te ;fterthoult 

Conner CoNipany constructed a 500 ton reverberatory 

furnace tInd a 300 ton oil flotation mill in an 

attempt to treat the ore by the rantood nrocss. 

In this procovs the sulfie was prc,roasted In the 

furnace and then trentA by flottion 

1939, p. 174)* The furnqce wtls blorn in 1919 find 

the oper!*Ition continued until ebruary 1920 when 
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it viv, stonned becnuz;c thc zinc cnd conrcr 

minerule could !it: cicanly tted fry :t (.!ct 

other. urter ox7eri:Lents c - rried out but 

IEte in 123 the -tt 

CoT)or ‘,111011 nclr:4!r to Tucker (1926, 

wa.7: 711.111n dollarL in debt, 1:,st control 

of the nronr!rty throu'l forclosure. 

Tn 10::4 Ann ::orlTrIny orin1z-

4 7111-Risinc nrope3rty,,o tAkp over the 

froc. the 'llavta Am° & Conwir ,3ompnny ("uckcr, 1,n6, 

n. 148). ' ne7- revf?rberatory furnIc flot'ation 

111 wprc Ytillt and mininr. of zinc-ric', :we bL)::ics 

in t ie "Inlri -ter ,!line wnn ntrArted In Amtembor, 

:'nurree by demnrc! for Inc. 

oxi d&' for export Cr.liforn•ft Company in 

loar, le12.7d t ftorthcluct con:ttuctvd an 

8 miln uerlA tr71, emd tra:ntreC to t'', eir mill 

nt Fill for concentrttlon (Tucl,lr, 

p. 143). In .1.ipust, 1927 the operations of the 
Callforria :Inc CoTpony rcre stopncd crirP' to e 

drop In the nricc of zinc oxide, and slride Tining 

In the n6trict w- dorrffant for .Alt 20 yers. 

r.tctiv!ty during tl?e e!Irly 1nOts i8os 

not confined to cxploitetion of Fnet,A1 

sulfid or s. From 1')07 until 1926 (LTT13y, 1948, 

r, 140) the MastP iron 'Arc', 7..1.r the junction 
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of the ?it anti _cClouti riven- , was an intrmittent 

nroduccr of ralgnetite iron ore. This mine 'INs o‘\ned 

by the sT,hasta Iron ,A)pany but w%s operated, uneer 

lease, by the roble 'lectric tecl r. for 

to about 1920 ('Town, 10.6, p. 605), the ore wtls 

re tortes in an electric s;1elter on Property, 

run into sqne. :air: 1.m( ;Iccordin7 to 

silicon conte nt. In 10.3 the daily production wls 

about 25 tons of ore (`srown, 191e, p. 805). `.')ome 

line; was maruffIctured :Ls a byproduct of the opera-

tion. 3tartine about 1A.9 or 1920 and continuing 

until 1927 the maenetite ore mined was shipped to 

a furnace in the :,.tn r-ncisco area at V. c rate 

of 12 to 20 carloads per month (Fucker, p. 732; 
Tucker, 1926, p. 192). 

7rom 1927 until 1942 there was little mining 

activity of xny hind toun it is probable tht a 

few quHrtz veim; in the centml and soutistern 

part of the di&trict were worked on a sm,L11 

for icold. 

Peginnine in ''ebruary 1942 and continuini:' 

throui:h 1944 (Lamy, 1948, p. 140) mrlf7Ictite vele 

produced at the rate of 100,0')0 tons a year from 

the :7htiota Iron mine for uFc by the U. :7;4, Navy as 

ballast. These operations ceased in 1945 .Tla no 

further Anitv has been done on the property since 



(to January 1, E)56). 

The year 1945 saw a resumption of int,yret in 

the conner-zinc deT)osits of t'r- F distrlet. 71e 

C;oronado Corner an6 inc ;;ompany t::,ok an option 

or the 'fterthourt mine, and 'after loc'AinF several 

ore bodies by dlmonci purchased the 

property in 1947. - mill was built and mininp 

ntfirtA:d in 124C. drop in the rrice of met,Als 

caused a 3hu'vdown for a yir durin 19491950, 

after wtich opertions v,ert- resumed. In 1,t7ust, 

19b2 the mine closed owing to the depletion of 

ore. 

:lazily in 1952 the fAidden Company, owners of 

the ',tiny Fill-'ising - t?r property, obtained a 

LMEA loan to explore -Olt lonc doravInt :zul.ly :ill 

mine. DiamondDiamon dri 111nt. resulted in the discovery 

of two lenses of maive sulfide ore in the northern 

part of the mine on the 870 level. 

In sum!-Ary, the .2ainin- history of the district 

is sonarnble into about seven more or less oistinct 

phases: 

ltK,3-18C1: interest wry s entirely in rancor 

which wrIs on R smell sc,Je and not very 

successful. 

1862-1899: oxi6ized ores overlyine the sAfide 

denosits were worked, mainly for their nrecios 
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,iJ)C; to a 1,sser extent for cc.y:)”cr. 

-robTbly SjMC 8:;lfide ore was mind fr= the ..ftc=r-. 

th.Awht and Donkey denocits. fe% ore shlnmnts 

were made to c.vvInsea, ales ane, viny attc:mpts uere 

made to treat the or loclly. ;,11 of these atturIpts 

vier ecom)mically unsuccGssnil fllt.̀1ourh some metP.1 

was nroduced. 

1900-1910: The boom years. joPpfz-T ore mined 

in quentity an slted 1,.)cally. The "roduct was 

blister cop'er that slia shipped elsewhere for re-

fininc. uold ars Pro6uced in quantity as 

a bynro,,iuct. 

1911-1920: Copper mining raw dormant 

owitv to emelter syLoke litigF:tion and to depletion 

of corTer-ric ore in 7ully rill mine. experi-

mentinc done to devise wlAys to treat smA.ter fumes 

so as to amke them h,, mless. Other expEriments 

conducted in an effort, to find method to recover 

zinc from the ore. Conper-rich sulfide ore over-

looked durino7 the 1901-1910 operltions vas Aned 

from rlEAnc 'tar in 1917-1018. Iron ore pro-

duced on small sc,,Ale from Chasta Iron mine. 

1921-1927: Z"inc-rich sulfide ore rind and 

treated m8inly at Aidly rill sclter. Chief pro-

duct wP.s i.nc oxid6, v,ic1-1 was in crelt demand. 
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k>perti;Jns ceuned in ti,J1st, 1927. Iron ore Pro-

duced at sLdA.1 but steady ratc :hasta IrDn 

'ine. 

1c28-1941: Virtuelly no activity in dil;trict 

due to low price of :attqls. ; fe% unrtz 

veins prob:1lAy worKed for gold but production nee-

liible. 

1942-195: Magne.tite 1)roduc,:,d froll Thast!.! 

Iron 71:ine ri)42-1:i.14 for u() as tCavy ballast, 

A7terthou..`'It roanened and viorked for :3 years. 

drillin. care t - ft.,-rthouht and !ully 

Fill. Bully mine reontmed in 1953 an new 

ore bodies discovered. 

Pro-uction 

Lata on production of base and precious metals 

frol4 tra, Tha&ta district are sketchy and in-

coaapl t for th,1:: period Prior to 190C) are 

fairly coplete for the period since 1900. A.rtu-

ally all the production has ben fr3m t'c u1.ly 1A.114 

the -ising and the Afterthou#0.1t :,Anes. Pro-

duction is su=%,rizod in table 4. 

Me record sows that copPer h!,8 been the flost 

lis,portnt !Lct!li produced, havink accounted for 

rouchly hair the total ir:Aue of base 'Ind precious 

metals. It shoulCA be borne in mind, however, th'it 

https://Afterthou#0.1t
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durirvi. the main pi..:riod of from 1900 to 

zinc was not recov e. from the su.112Ide on,s. 

accurate record of tsne production of iron 

from the .'.hasty iron mine is not available. .ccord-

int: to Laney (1948, p. 140) ore tles mined for 

Loble :lectric Compuny between 1907 and 1926. 

How much of this 7eriod the mine was actually in 

opc,ratiJn is nut known. Brown (1916, p. 805) 

reports that in 1913 the daily oroduction was 25 

tons. In 1')21, according to Fucker (1922, p. 732) 

proteuction %as rate of to 15 cars pr :rionth 

averqFinc 85 porcent iron. In 1925 prouuctIon WeIS 

Fit the rate of 15 to 20 cars per .:*onth ftacker. 

1926, p. 19'd. the period r:ebruary 1, 19.4 

throuAl 1944 or, was being lain;-=d for lavy ballast 

at th€ rf_A(1 of 1i.0,000 tons per year (Laney, 1048, 

p. 140). 

'1,Thouction of Tolci quartz veins hue been 

irry small but no quantitativc d'Aa are dwAlable. 

!!assive sulfide deposits 

General features 

:he muuolve vulfiCie oro bodies 8re In the form 

of lenses vt-lace tt'e :"ully Hill eiyolitet the 

1:orx;ti:)n. and metadiabase dikes tht locllly 

intrue Hill rhyolite. The three prin-
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cip41 loc.litios tl'Iore sulfide lenses hive been 

raine are: 1) the Puny ''tfAr nree; 

2) _olncr AA/ abo.lt a Ile s-Jutla,e,it of 

1!131; and 3) the :.ftcrthki.t oru area in 

the extmae so ltiestcrn part of tLe distriot. 

These princlp!Al depovIts, as 7611 as of occurrences 

of sulfle.e ,inor516, and occurrencez of lionitc, 

nre cho'in on fii:ure 20. 

n:01-.t of the sulf1c]c lenses ore tLbulfar and are 

stee;'l 1 rclin d frog. the h:)rizontal. A. felt are, 

ciar-shr,ped. The lenss rane from a few inci'les 

to ns much r s 400 feet in f7re,:.teElt dimension. 

"ost tabulJr 1(.nsos arc. nc-it ,lisrkedly elongate but 

are roucl-ily elm:111r in a section drawn parallel 

to the ert.test (317.rision of the lens. 7ew individ-

ual lenses ;Five a wr11 defined pitch. The naximum 

thickness of Vlo larTeot L;r1siis is 35 to 40 feet. 

In the Fully 77111 mint:, the sulfide loast,is nre 

ratly arrr).nf:cd closc tor:ether in ,"r cups Alone a 

atceply ch.e?ir zone; the lense,3, as a group, 

nitch ste,nly north (71. 5). In the :3ising star 

mine the lenses arc closely ii-roupod along or neFir 

a uries of rtAult:; shc':r zoncs (pl. 5). In 

the :fte;tboult tht lcnscg nre -lore v;idely 

dirsed ,long w s',7r1es of fnults nd sher zon a 
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and are separ&tc fro eac'! oLer by sevr:,1 tens 

of feet to as much as f!vert-z1 hundrd fL,et of brren 

rock (1. 0. The Donkey deposit was an isolAd 

lens containlne a fei hLndre tons Jr hicll grade 

skAfije ore, and the ,;opper City oeposits :Jrently 

conf:,istea of severA. lense .,1Q716,• a shemr-

zone. Gencrully„ because of their IsTAll size, 

isolted .111:;;es cannot be mlnet: proitably, and tIle 

only auoceLssful mines have been those in which a 

nu,-4bc,r 0: Unties were rfAirly toi7cther. 

Virtually all the sulfiCitl ”vrqllel either 

foliNtion or beddine in the enclosin6 host rock. 

:he of :iust lenst:e are tiither l'rozen to the 

country rock or are separates fro. , it by a 1,.,yor 

of eltlyey eot4,7e rtint:An,.- from a thin film to a few 

inches thick. In mo6t places the host rock adjuininc 

a sulri6e lens is brren, but R few 1!:,A1:ics arc en 

veloped by rock containin (A.ssc,:linatc:d 

sulfides co7;_aaonly arranged in striners parallel to 

foliation. The walls of most sulfide lenses qre 

sharp and swooth but the edizes, in contrast, Are 

corm,only irre&dar. ohe lenses simply taper to 

a single knife ecLe. Others tiAil out in nu::Ierous 

tt,in LAyers or 6heet axtunding a fey. inchez1 to a 

feA fet irAo the host alone: bed:iing or foliation 
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edres o: sulfie 

layers in turn 7.:inc-r. out to a knife edge or 

coT.e to a blunt "7,2. In crass section this rives 

either n sqvitoot ertm- form, 

resncctively (fir. 15 tri 16.;. 

'110'. of the orr is blnded. The h,.nding 

results fro~ the crude se-rction 7)f component 

minernls Into :'.ore ci:icrete layers n rrnc— 

tion of a - A.1'171ete,- t3 n .ter , 

In places, renr the eties or l_nsen, band inn ir 

the su1:21te parallels beq!dlr or f:)11.tion In the 

enclosin . host rock (fie' s. 15 eine 20), The perfect 

prIrr!lllIsu of tAr rit folintion or both:ling 

indictItos tht the bandinT wls Inherited from the 

host and that the sulfide is of ren1,_Icemont 

Viner,ao6y and c:ratle of ore 

ltisoeilted zit;1 :Aa.5tlive cu1fith3 

donosits !Ire listed in table 5. The c.ain hy'orene 

ore minerals are pyrite, nplIlerite, chrar:o7)yrite, 

Jena, end tetraf.,edrite...tennntite. of 

minor importance 1nclu6e borritr: r,nd L.:zoritc. 

:unrtz, twri!:01 calcite, ar'vOrits, and Fypsum are 

the nrincipal gancue 14incmls; 'Anhydrite .nd e!ypsum 

are restricted to t;Ic :'tar end Hill 

mines. Typical slaficle or 1s an exceedinply fires. 
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Table, 5. Yinuria ();* V.:43.Sive slafle deposits, 

,ast co-nor-zinc .iztrlot. 

''in(;rfal and cowpositi.)n ';eoloric occarrenco 

Albite-NaAlSi 0 - 3 S :idespread hydrothermal re-

placement of .;lore onlcic 

feldsnars (see p. 103-200). 

Alunite-7 WON)r .,inor cuneue wineml in nully0(304 -
11111-TAsing rAlr minez 

Identified in two thin secti3ns. 

Anhydrite-Oa X04 Abundnnt as a replacement of 

the Bully Hill rY,yolite In 

lower levcil!3 of th6 

Fill and Fising tar mines 

(zee p. 322 to 32C.) 

Azurite-Cu3(03)2(011),)Occurs in pito .and shallow 

adit8 In the ..fterthout mine 

area, and in o.A.dized zone 

just beneth Vie :::ossan at 

ul1y 11111. 

Darite-Da30 Jne of the most abundant 
4 

&aneue :Anernls in Vle sulfide 

arcs. Copt ;only forms the !litrix 

in which sulfides -ire tr!beaded. 

''write Aso present ns replace 

ment of country rook remote 

from known sulfides. 



 

 

 

relct1vc1J corrtItuent 

af the mat;11e 

pre in moct vulfide 

ft OM OS MOc'ea1citta3 -.71nerT.1 in tIle sulfide 

oze. :.1Go abu:ItInt as a re— 

rlace::ient of eountrj rf-ick alonr 

:zarc 4,n:: or aoct sullee lt”tses 

in the 2.fterVaought zinc area. 

:,;rraz ms6es 

ia lw;:-notitc 1-Jodies. 

t'roduct oc: z19_7.reni!,, enrichment.4' 

cc:7.1vs in :Liner, but is 

not anant. :In important 

orc ;ainL,r,11 in Ve upper part 

oc 

atFo, Th3 :IoLt Laport_ut copper miner-

al. o3n in all the :lines. 

L. _ixed 

with pyrict sphalcrit, and 

other uulfiCos but loe?lly 

forzs 1,:uncs virtually free 

or othe.,7 41nura1ze 

Jhloli've—eomplex hymi Co:Jnon do an t'atert.tion pro 

drouo sUloate of 4uct diatriet. 

et rc, and Varicty elinoeloro is locally 



op 

Currite-Cur) ,;-, 

Galena- ibc. 

7,msent alone shear zones 

in which sulriex lenses rire 

locf!lized. 

-!epo..etedly occurred in iLinor 

umounta 'lo: walls zinc joint 

planac in oxidized portions 

of ore .;odios in •ully Lill 

mine. ;Iv (Ilvec:,_imstions 

in volccinic 1;recciu in a prow)ect 

on l'sorm 

minor ;.1dpergene mineral seen 

in so:Jc, speci7Lens from the 

terth.,ut r!ine. 

cl lcopyritc. 

sportedly occurred in small 

amounts In the oxicized 'hone 

at Emily hill. 

distributed in 

virtually till the aulride 

de7ocitin but more abundant 

Iii th.o ^fterthouat area. 

‘;::nunly very intimv.tely mixed 

y1t;#1 sphalerite rinu tetra-

hedrite...tennsIntites 

.;courr6d in oxidized portions 
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of t111e.e bodies anC, in 

nlacers below outeconpinrs of 

oxici2ed ore.:. -11 the s'A,fide 

ore cont,ilns cote in recovcr— 

able illantities. 

(4psum—:;a4.21, :AJundant as a replacement of 

anhydrite in the Asin,7 :'t1r 

",ally mines. 

l'iozwatite-1743203 :orms small IAJI:el in shcared 

rocks near La. Ator's 

northwest of s.opper City area. 

.:as nut seen associated /tith 

sulfide deposits but wens 

!,;o occur in si:%ilar structur— 

al environment. 

14droEdce: Very ooc.z,:on as an onertiOn 
r 1:12(;41103)01007 n 

prouet in oiliceous volcanic 

rocks trouhout t71c. ;:A.strIct. 

Lspccially abundant in sl",er 

zones along which sulfide lenss 

occur out rariJy is present as 

a gant!us miner l. In the sulfides. 

h.aolinite—Al Si205(011)44' Occara in small amounts tlong2 

eher zones in the 7,ully Uill 

and. _ftertllow7ht areas, :as° 

is weativ.riA;:: proCuct after 

feldspar throuAlout the district. 
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I1nonit.s, •nU t;-----Occurs tis ossan cappin over
3 2 

maz:;blve ::iuiffJ.Jc, au pseudomorphs 

after pyrite, an6 !as skims 

or isoLitasd markine 

foi-aier h1 ater 1.2vels on 

in t;:lc v1cnity of 

A.rst an :econe. ,L;reeks. 

Luz.;n1t. ------ rare :aineral ;cen in tvo 

s-:eei.%ens of salfiela ore. 

:7ilaohiteu,(5)(,..)102-1. minor laineral in the zone
4 

of oxiLlltion over sulfide 

depoaits. 

7'yrite-702 —4,Crle of the three most abun— 

dAnt !,,u1fLie nlnerals In 

=salve sulric lenses. !slso 

vJtiespre77d as LiLseminations 

in t!.ie sully i111 rhyolitc. 

,urtz-- 10, n aOuri&;.nt i7an:are Aneral in 

o041 :uartz rJuo has 

exturAvely replaced country 

reck in Lhc vicinity of sulfide 

de2osits. 

FM* .•••111•111.:liver— : uautiful spcciflins are mported 

tcs boy.° occurmu in oxidi2;ed 

port-ions sulilde lenses. 

https://aOuri&;.nt
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line :raineC dark -ray 

°rite 1 the 1-Anc 

mineral In 'Al t'--(.2 mrtssive sul-

fide ler.F. 

Totracdrite-tennantito-,Present In nrcletic, illy all sul-

(ul:Fel:43) 3t1 MAI oro but atundants
12 4 

(1:, Fe aszocl%ted rith 
1 I1213 



i71-AnG of tL.. flbovc .th1'lert1147. (II" 17). 

ot thc p:,rtictaftrly tbotie 

at !'%;11 4. 111, rc (Ippec. 1;€r 

pr 1nri1a 1no1u In. ohLleoci;e, 

cadrite, eric. 6iiver, 

anL, 1-ichitc;. iloAevt,;.r„ tUoc: dt;pc3its wrt: 

out in LL,c, early 1000s anu the vvrkint not 

inacce3sible, 50 thtit little infortiQn on supr-

Fene was obtin urin. thb pvu6ent 

study. 

'Th. vrie ovcrll drade of 01.' 

1200 has bec;ri about 1 to 20 p•„:.rent 3 per-

cent conier, 0 to 2 percerd, 16-A, 5 ounccs of 

silver and 3.03 ounce eJld. 7ok‘eqer, tho nropoz-

tion of the. vriouc, ort , tly,:irwre143 61 

not xily fr, one inLiL;e Lr to anuthr but rith-..xL 

;onstuontly, 6Cne lcAlons 

or T)rt..-, tLcreol' rk.1-:ttvt;ly rich in c2,1co-

nyvit, v,re copr 

whf:Irea ltirisely of 5pba1eriL.(;, 

wor trcatcd as .inc or (fI. 17 and 18). ; 

veru copsed pyrite. 

Lur1n6 the carly years or tYii c:iatriet, rhen the 

ore vms trctai by LArcot 61titl methods, zinc-

riet veil s tose consistinA: main-

in inJivi(uul lens. 1/4

2CO' 
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ly of nyrite, score uvoiced lo possiblo 

(1,1rin oper7-1tionfi. 

alenl is irregularly ,Ac.tributed in virtually 

311 t!le rvAssive sun'ide lenscs; ..: any lenses cantflln 

appreciable glaounts of this m1ner31. :bout 2 

percent le d i nil from c7,1ena, is recovered during 

the 1 48-1952 operations of the ftert'-,ou-t mine. 

ithcr co7ptx-rici: or zinc-rich ore :afy cont' in 

galtnat but it alAInc,t1t in zinc-ricl, ore. 

!L mineral thot etch tests in:Jc - tf. is intemedIste 

in the tetrahecrite-tennantitc iso:,orphous suries 

is i co=on but not abundant minerul in the massive 

sulfiC.e ore. its GlotribuLion is elo,oely related 

to that of cA.enu. Y. o silvta" minorals were seen 

in the hyrogene ores !,2nd it annears that virtually 

all the silver is contained in the tetrlhedrite-

tonnuntitu and ,,":lens. Cre rich in these mincr-

Ells la elzio rel,tivcly rich in silver. come ore 

taken from tit •fterth.:wht %line contined us much 

as 40 ounces of silver per ton, although the ovr-

all average from the ,Astrict has been about 

ounces. r;old is rathr evenly ,istributed trouwh-

out n11 types of ore ,And aver es about 0.03 ounce 

imr ton. No free i-old r seen in the hynoene 

ore althourt oxidized portions of or boc!ies yield-

ed free gold dul-ine the curly days of tl-:e district. 
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t,1(;ments in the sulfle ores 

rourteen sq21',1s of sulfiue ore from t) le ully 

1611v t,lr, and :,ftcrt'::ouht Alms werc 

annlysed spectroscopically in the laboratories 

of the 7eoleiicql Alrvey for five minor elements -

germanium, cadmium, cobnit, nickel, and F.A.liunl. 

The results, riven in table 6, show thAt the only 

elezvnt nrecent in siPnificant amounts is cadmium. 

an averoqe zinc assny of 10 percent in 

the 11 &i:”nles classed as zinc ore (table 6), 

the ratio of cadmium to zinc is about 1:40. 'This 

is sirific'antly ;-re:.1tcr then averrAFe ratio 

of 1:200 for zinc ors i- iven hi Clarke tel.;7er 

(1')14, P. Cl). '''rotpably 1:ftich of t:-le Cd substitutes 

for _n in the snhA.erite 1.,:ttice, but in view of 

the hi: L cadiam cont:.:nt it nnpeerE: likely thilt 

some greenockite Is also present in the ores. 

Powever, ;reenockite was not i:,entificd during the 

present study. 

Structural control 

The mnssive sulfide lenses qre ciefly localized 

along moderate to steenly d inninf faults and shear 

rones lqtl.kin the Fully 7111 r15olite and ...-Jonf.. 

faults betv,een the Bully Pill and ?it form,Alons. 
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Tall.° 6. .......71argntitative r- • L..., • •- .`'or ‘7.-es Ts :,o1 cnr.'. '7... in 1L ore f7r:.. - lens 
copper-7.Lnc :Irry r.stror., .nr..17st 

• rield rnscr-i-...t-17;71 ryl. 'bet:1117r 
4444•41/4104111/410 

Cd Co 
0.0.0.1.14144111110 

171i 00 Co; 7 .1.17 1rtim 0 .62 .0011 .0056 

(Tn. (.7o-::--nr ores -21.xlly .77,4 ns 0 .0014 .0015 
,m ores T•ully .003 .32 0 nnlr .0002 

•1. OD 9053 71C ('irr, :111 :144 '1C .74 0 rSr."11 ,
• 0 

53-1992 0 OD 905. rs, orns .22 0 .0009 •0012 

53-1'793 O: 

53'4994 

53-r95 

53.4S% 

53.4997 (K, 

53..19'3 0" 

53.4999 5: 

53-2000 si; 

3- cc a. 

0i: 90:;, 

17 :071 

02 

1/158 

M s 
000 level)
-, or,.;si,-

(300 level)
rYr.*P1 nine 

(700 1evr1) 
r-a ryine 

(900 levnl) 
-a ore!-11sin7 Stpr mine

(900 1evel) 

re ' (7 stope) 
7ine ores I rd. no 

sto',.)e) 
ores .:7"tert.2..-

nine (220 stope) 
r'inc rtiLm 

(1:20 stope) 

•cr22 
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.011 

.010 

.56 

.36 
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11 .,•14.; 
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01.4. 

0 

0 

0 

0 

0 
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.0027 
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0 
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It aT)pears that tte shear zone F.nd f!lult served 

as feedcr crinrels for the alincr-li2in.:7 fluids 

and th a t tL crused silicf.ous rock it in 

she%r zones Arls u favoratle envirorrnent for the 

deot.ition 3f sJfie,e minerals. 

Unlie t.t sulfite bodies of t=4; ,,est 1-!4sta 

ditrict, -'*.tch are 1)calized within the :riddle 

unit of thc l.k1la rhyolite (Kinkel 4nd ore, 

in press,), tLe denolts 01 V:c., :as. ..hasta district, 

retricted to t: Tully ill r'yo'1ite, 

are not controlled by a pe,rticular litholot7,ic unit 

or units within that fornation. However, the Pit 

formation 14r,:1y of sbrile, nrobsbly 

overlay t'-e 7ully 1!.111 rhyolite at the time of 

7,inerslizat1on and it seem likely that this shvIle 

acted as a reltively 1ermeable barrier Ahieh 

retlrded te ascendinv. ore-berinF fluids, thus 

resultini; in to loe,:lizotion of sAri . e 

in the more -)crileable P.uUy 111 rh yolite. 

1lthou0 large scale control of sulfidc lenses 

alov shear zones :r716 f':Ats is -1nnarent from the 

loc,Ilization of :;.c)st lcrmes 61onv these structurs, 

the reason a given lens lies in a -rticulur nosition 

along a flult or shear zone is not fully understood. 

7eatures tht way have nlajed a part in the detailed 
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locAA:tion of lensez:, incle: a) transection of 

n feeder ollunnel by a ftslult; b) fnvorrible din of 

beds or foliatin adjaent to a fe(dcr chnnel; 

and o) dr fols in or Aj:f3cent to :A feeder channel. 

Mtaileo structurA. control ')y the tranbection 

01 fccder she.r zone by fault sees ;AronstrubleZi 

in nt lest one nlace in thc -ftrthouht !Line 

(fi. 19), anc, ”robltly in one 7)1,1ce betwe n the 

470 Ind 570 levels io the 1l T111 .1.1.ne. The 

40 ore body in the fterthuu-ht In ws loc'lltzed 

1ari-e1y in a she',r 2.JJne tbt dips stenly southtest 

in the bully Eill rhyulite. Just move the 450 

ore body t-ie: sher zone is tr.:nsected by ti 

fault, which dim 50 southeast. The sh!1e in the 

hnin will of the rain fault in thc vicinity of 

the 4b0 level also dips voutheast, approximntely 

prt1lelL'o t; thue would have formed 

an tapermonble barrier to fluidE cilong tt:e 

lout shear zone (fig. 19). the ascent 

of t c fluids would nresumably tivc bten retarded 

beneth th juncture of tl.:e !Vain fault 9..nd the 

shcr zone, thus 6:ivinp, them add1t1on,i1 time to 

rcaot with lnd replace th e c-usbtd 1.)ek in th e 

shear 2::.)nc. This ty (x!' ;:,:tructl control is 

riot clerly Lu the 450 sulfide lene 
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but ;•,nay also have been h factor in the loc' lization 

of the 700a lens. 

As figure 19 illustreiteo, the 7 in fault qDnar-

ently served Yis a chnnnelwv for the ore-benrinp 

fluids, ut, leqvt beteen the 400 am! 2,03 levels 

in the A'terthouE7ht mine. 7edclin(7 in the shfae 

in V- e hanFIn w&ll of the fault between these 

levels is annroxix,ately Tvirallel to tl.t fault, thus 

for:mink- a rel.tively 1..nereable barricr that 

would have nrevcnted the flui, frx: access to the 

rock In the 1"iin - Inp wall. short C.ince above 

the Altitude oi the 200 level, howeve r, beddim, 

in the "'it formation and foliation in t'-.e iyully 

Hill rt:yolite din stce7dy towardarc: intersect 

the Thin fult at an anele of about 45 derees. 

.s ere th,, fluids ,u3cendin alon;: the '1:41n fault 

were abl,: to enetr,Ite bcddlnc. 110. 

planes 3nc. tus rcnlace the host rock. The 1.onper 

1!111 ore booties at thy. fterthou Tht :inc seem to 

have for:n€:ci In tnit: type of otnictur-1 environment. 

The 120 and 220 wilfiCe boon in ,ftertouizht 

mine are similarly replaceLlent of .hfile beds that 

din toward fredcr channels et a favorlble cnple. 

nnor structural control (rani. fold hnvin.rp 

en TInlitude of I fel,, feet was :een near the north 

end of the 420 sulfide lens in the .ftertouwht 
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7,irw (CL.. 20). his tyne of cntrol aearF to 

be of only :incr. itcprtr.nce. 

".ock alteration paragenesis 

is described on papes 172-201, most rocks of 

the C!itrict hive undc:rgonc eixtive hydrotherual 

A.tertio. Yost of th1 alteration, however, 

prdatt-..s the deposition of soll'iuc n1nr.ls and is 

not restricted to the viciniti of known billfide 

denoAt. 7:evertheless, cert1n tync:s of .1tera-

tin, notbly s111cif1ct1n , y:ltization, hydrous 

mice alteration, and cAlcitization, are low.tlly 

more intLnse in arenas of known deloliits. Pulfati-

zation is llruly retrIoteu to the gencr'l vicinity 

of E-A.fidc denocdts. 'nhydrit Ind gypsum occur 

only in the loRer parts of vully TIll an 71:Jing 

7Lir iIn. arlte 1 a coon gangue AnerN1 in 

the lfide ores rid locally e1 - where ncr.‘r. the 

Corper City and Pully Fill ore bodies. 

The altertion th%it secme tr.oFt clennly asso-

ciated with stafi(,t deposit:: ic :It the '21.clin:,tar 

mine Olere a i:roup of sulf1:,e 1.nsea are overlain 

and 1!iJrvely surrounded by Intensely silicified 

Bully Fill rhyolitc nd are underinin mid pnrtly 

surrounded by massive anhydrite nd insurti. :he 

sptil)1 rfintion betveen the intensely silicified 

rock and rock r -,laced by sulfates nd sulfides 
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Ltugf:ent renlacc,alent, or the siliceou:3 Bully 

Fill rhyolite by suIf'ate unU sulfIdeo t.3ok nlee 

the s11ic tL.tLIE; liberated in the ;i)rocesE, moved 

upmrd kt:erc, it replaced r.iniy felsn!-:r rIc! re-

sultd in ;Alic), co:-.;plete si1icificti3n of the 

:ill rhyolite. Virtu,)11y 111 of t.is intcnse-

ly silicified rock is on the 111,11ri?=. wall side 

of thtl -ising :tor her zon, ich rf:sumably 

ims one of t fteder cnnels for aiinerA.izin 

fluids in the RisinF fares. 

is also reltively lnt;:nse in Plces 2.1ong the 

fully 7i11. shear one, above the Conner ;lity rA.ne 

int,, loc.,11y in the .fterthouPt mine. 

rIllydrite end gypsum are intivtely relrited, 

the 1,,y7s1.1:!:. nrobably being fore b' hydration of 

anhydrit in place, ..nhydrite pnd fvpsum extersive 

ly r(-71.1ce te Sully Hill rhyolite ir the Rising 

Star the. In the eully Hill mine ttwi rc,plce 

alterod and sheart-id Bully TIll rhyolite tnd :cat 

difibase along the Bully Hill sear .one on a much 

smA.ler sale than in the ::tar Tithe, but 

locally they for; fairly 1..irge pods and elonate 

lonses. Althou01 thcy occur in large -mounts 

at uepth, gypsum and anhydrite are lcss abundant 

at levels, and neither Anrral has been 

foun,:; to crop out at the surface. 
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In the Thlly Fill Hine, tht. Iiighest rioint at 

cynsal has been rurt9d 1.!; nr:r the 3C)0 level 

1:14, 100), rouinly 350 feet be10 the 

surface. the r)73 and 870 lev:ls of tl!Ei 9u1.1y 

t ynt3ull and anhydrite were .reen in 1JJ13es 

as much feet tiAck .1() feet loni;, and as 

strea ani i'AtirJemin-A1:)ns in t.',7e :1211y eJletir 

7,onc. They uppQar to have re7laced sne,Ared ami 

altL;rcd f,Jr-hyritic quartz kerutophyre and alr.:ta-

d11411, in ts7e l'!ully 

mine; anhydri :)ccurs as ioLted ma:3sos 

wit'An the cy2sum. 

The vypsum is brflliantly c:ystuiline, 

art erartry craincd. It a bunded :71pearanoe 

owim- to -preservgtion of foll:ition from the re 

21acf)d e.7111asize:: by discontinuoub tin-

screen43 remnants of f.aliated elorltle -nd 

sericitia host rock. he remnants or host rock 

range fro q fraction or :In inch to 2 inches or so 

thick. The liasses or i7ypsum (Inc! -Anhydrite do not 

Evppe!Ir to have ben Plaited or sheamd, 1.751sos 

of 6ylaum arv3 Elnhydrit in the :Puny Hill riin.e Ere 

rathor 117aited to the mcAin shelr zone, though minor 

amounts occur in the adjacent wall rock in veinlets 

and zllon fracture& an.. sho;Ars. 
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Informtion concerning the occurr e nce of Fypsum 

anc anhy6rit in the A.sin:, Ytar worLings, which 

are inaccessible at t'As been taken 

1.arely fro:r.1 :Foyle (1914, p. 99-103), and fro 

privte renorts kindly mode ovnilable by the 

Cliden Company. s far as be ascertained 

from existini:- records the cloFest to te surface 

that gyns.;11 been found is on the 500 level of 

the Asin -tar mine, yhtre it is bare ly 100 fiet 

below the surface. Relor the 500 level gypsum and 

anhydrite become 7:lort, abundant as a re-

Placent of country rock; on the 900 level they 

constitute about 75 nercent of te wall rock, and 

on the 1000 levc1 nearly 100 percent. Gypsum is 

the nredo2,ainant sulfate on the 500 level; the 

amount of ,,InhydrIte, relative to rynsum increases 

rith aepth belot tht level. - nhydrite is report-

edly the predoinant sulfate on the 1000 level. 

The lateral extent or outline of lnre rasses 

of pynsw! and -Inh:,idrite in thf. - ivinc tar 7Ane 

is not known. 

In placee, t11(, bounduris country rock 

are reportedly irregulflr and erqdltiorf:Al, 

gypsu:a or anhydrite feathering out -s 

V-,c proportion of c._luntry ruck increases outTrd 

from the mass. Fmall veinlet, ani1 frac-
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turf-fillings or fynsu:r, or anhydrite locrIlly ext‘nd 

into the country rock. :ct other rl1ices, however, 

the bound t ries are r tlite slrn and ci=nosition of 

cypsum gne 7-.1.)pears to have bc!en liited 

by ioui!e-fillod nallts and shear zon s. it' ouch 

b-Indin preserves relict sher structures of the 

replaced rock in places, prG-exi.:;tin structures 

ten to be obliterlted by introduced anhydrite. 

In t'-!e lor:er levels of t".e :",tar mine, tr9ces 

of thc. ml in slienr zones beco.r_c obscure or lost 

entirely. !!asses of porpyritic qua.rtz kernto-

phfre are enclosA by c7psum and anhydrite. 

of tesr_. m,.it;sec, of country rock contqin ore bodis, 

as well as pods, strel'i\s, and dissemintions of 

the sulfide winerals. Lisrein,lted sulfide also 

occurri in the anhydrite. 

-htn sections W'iOW tha t the .tnhydrite has 

excllent rectarular cicavewe, lmatellEir twinning 

as a rule_, and high birefrinccnce. here anhy-

drite grAns =ire altercd to zipsum, the 

gypsum coonly a7pwirs as mat of fine-cratned, 

rando:.iy oriented, acicul• r crystls. In places 

the gypsum occurs as a CrinFe bounJini- the anhy-

drite FrAns, showinv that the r plaeent of linhy-

drite by p.ypsum oroceedy frxr, the grwin boundaries 

In areas there renlacement is nearly com-
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pletc, anhydritc cryst:ils art. i3o1rIted cm ins in 

a ficld of: fine-q-rined ..ynsum. 

The oricin of larEe mnsses of lnhydrite 

and gypsum at Many Pill h,As 'seen much discussed 

in the liter lture but is still 1.r.F7ely speculfltive. 

Gr9,ton (1n0, p. 103) btlicvs th,it the nhydrite 

at gully :All is of hydrothrmal or107- that.1n, 

the Eynsia is,deriviA from anhydrite secondarily. 

This view ls shared by .:off era (1915, p. 133). 

Doyle (1914, p. 103) su i.?.ests that either anhydrite 

or cypsum tas for:,ied fro hyCrothermf-d solutions, 

if ..ypswil had been derlosited first, he sunposus 

thA, it could have transforaled to anhydrite, 

then later re cJnverted to *•':/psum. 

From petrocranhic: evitlerce 5n6 conend rela-

tionsAns in t'.1e Fully Hill and `Is in :'tar Tines, 

anhydrite is most reasonably explained as derived 

from ascend in hydrothc!rmni s-)lutions, whcreas 

Fynsum anpenTs to have been foraxd secanderily from 

nnydritc th Ad of sunerFene apv;ncics. 

hydrite increlse!:. in amount vAth e!e.,th below the 

zone of oxithltion, replacin x iv:st quintities of sil 

ice:.Yas country rock, whereas rypsum decreasezi-, in 

rel. tive a:rount. :.nhy6rite ezist in the mines at 

dopths attained y little or no ::,round vater ex-

cent tLrough oponinps orovided by mine It.orkirws. 
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It is nu accopacied by oxidized ore minerals, 

nor flocs it o::eur in the oxi6ized or enricll.ed zones 

as 1.•.t be ,J.xoected if it wor f:Dre,x1 under sunr-

ne conditions. InEtend, it is intitcly 

-A,th the 71rimry sulfides Gotn to the ‘3cerest 

levels or the ,"(preovert it is at least 

in part if not llrgely older than the s!Afides, 

narite is a g,ant,:ue ',1iner':1 in sulfide ore in 

the three - 1-incipal mines of the district, and 

massivt barite: s,r1 as 1 replacement of o tuff 

bed in sec. no T. 34 3 (pl. 4). Small 

masses of tryst-:21ine, 11/711t grny to white 1nrite 

mensurin q foot or two thick by sever,J feet long 

are exnoscd the Dully Hill sheer zone in the 

vicinit of ndit No. 0. The gully below 

t).( edit cor,tAns :tinny boulders of barite Ilarnt-

ly dug out in mininF or eroded from this zone. 

It is fine to medium prained, massive or banCed, 

and replaces sheared rock in a manner to 

the inhydrite. ite iv a co-nmon Fnngue in the 

ores, mostly in mir)or amounts, and it also 

occurs in post-ore v.A.nlots caleitc and (luartz. 

Thin sections 1,hol% th.t britf,: is in the form 

of anhedrn1 to 6ubhcaral tabul'Ir cryst,Js with 

excellnt cleavage to tile 1('n - th of the 
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crystA.s hut r(21atI71y poor !)t riht finplc,s. It 

commonly fors the mmtrix in ..hich sulf1(7e :zinerals 

are c!mbedc,d fin0 in !zost nDlces I pll by the 

sulfide!i. 

i8 vl-tu,Ally 

AA the principnl %lie areas (pl. 4) but 13 ql:wst 

eu-lly cwon in nlqc. roote Ai,x1 '4110n lonscs 

of massiv? 'o%c, sulidc icnsas lre 

srrounded by country rock containilz- no di:1!3emin-

ated pyrite* 

Hydrous 'i1ca alterltim is 7,onctr:Illy More in-

tense along shear zones that contlin sulfide len-

ses, but within the shear zones hydrous Ilca is 

no more abunnt close to lenses tha n remote from 

th em. 

Calciti rock occurs alon the ireins and 

at the odes of some sulfide lenses in the ..fter-

thou:TY.A. line but fors much lgrer masss remote 

trop Known sulfie bodies 2). 

Textural relations HE detmined by a study 

of thin and polished sections 111Acte tt7i.,.t, with 

a f€ local exceptions, rock altoretion fInd the 

de7ovition of L.Tanue Anerals t lest 311Fhtly 

preceded the, enosition of sulfide mincrcas. 

The cequence of de/,)oltion of i*FIngue ;Abnerals 

difers F,cvic'ivhat from place to place fmd only 



 

very r,ener'31 11.;. e 3eruo,cf c11 be detcrA.ne. 

"icrocrystA.11ne qunrtz is tie oldest 7,inrue :lne.r 1, 

as flovn by fact tt it I. ev.rycr rlace6 

by other prlue minerals. onhydrite 

nre in :;(-, rf:r - t1 tde younifest of th r9,nrue 

hut they were not seen toeether in the samc slide 

and therefore teir ae relative to each other is 

not known. Clinoclore, hydrous "Ica, nnd barite, 

in r!ost plces Fiee:j. to t)t- of mntcrin 

beteer ir_terocrystilline quartz and cA.cite, or 

enhydrit(. The age of clinochlore, 3r•drous mien, 

9n6 b , irite In relation t;) ecich ottr ;:AfTers in 

diffrtnt, plces .mnci no penerl age seuence 7T.ong 

tl:ese three mintrals could be est .bliehed. 

In a few places deformed c,J1cite crystuls are 

cut by hydrous mica vtriners, olthough in .nist 

Places elloite rc7)1.,Ices Lydroos This rela— 

tion succsts either esentil contemporaneity of 

hydr,Jus micetind cA..cite, or r.leruticns of 

one or Vle other. Likevi:;p1 bc.rite„ quartz, rinhy— 

urite or i.r.ypsum, 9.no cICit re re - l':kccd 

by sulfides, but the fct ttt ritrincr of one or 

more of these minerals locYly cut s'.11:ic':es shows 

tiwt th e y were dw)cv,3itA tlrinc' at 1.5.Ist two 

diffrrf:,nt reathr cullrtz (fig. 3) ru.ijecnt 

to pyrite erystls replaces all other I;; ngue 

anL i eJscntinlly conte with Pyrite. 
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:.Jyrite is thc oldest sulfide mineral ,Ind sees 

to have shov,n a marked preference to replace rIlicro-

crylline -11:artz. rather than othar fTaneue minorqls 

%;herc py:itt enclosed in tar.i.ue :%inerfA.6- ft is 

comicnly eutedral or subrt11; in r. fen plucr;:s 

it forms tiny e7hericql blebs in panue. 1.:4 

where it is enclosed in otl, er sulfidc minerals 

-vrite is eo7clon1y rounded or eT,b.yed 'Ind is evi-

dently older tY. r, the cncloz7in:: sulfide inerhls. 

7Dha1erit, 110. bornite followed 

pyrit in the depositionea cycle, nnC; .end 

tetrfthearite-tonnrIntite &ppenr to be the younest 

of the ore - inerqls. 

;7nbalorite is b, ,ileved to be older 

ch,t1c:)pyrite althowi.h it cozuy be in mirt contempor-

aneou. Lirk sphal.3rite carLonly for-s the 

matrix of the masrA.ve sulfide ore ,,nc< encloses 

mass of nnwue as veil other s.21ric! ,nincrals 

(lips. 17 and 18). It corrodes -,nd embays Pyrite 

anC is therefore youTw.cr. In places spIrllerite 

shoves mutuA. boundry mlations ct.,1copyrite, 

but loctilly sm!;11 masEu. of elllcopyriLe re fllong 

t'Ac. t,o1.4ndary bctween sphalcrite lnd either nyrite 

or Aneue IT141 seem to encrotIch 

sue4:: esting that th.: is older. nphal-

erite Alo cont:. Ins tiny blob: of ch!llcopyrite, 
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nrodueirlf' the c.:11 knorn mottled texture ( ,astin, 

et al., 19:51, p. :570; i. dwflrdo, 1z147, p. 80). The 

lcopyritE: bit-Az are moctly irreculrir 

but so-4c are. snl7cricl. in plece bias -,re 

arraned in ..eo;iictric nattfrn,, su that 

the %Ion crystFAilric directions in 

the sphf,acrite host (fig. 21). in oth er places 

the urrani!emcnt of blebs appears hily irrt;gulr. 

'the amount of c'r•lcopyrite blebs vif,Ablc in 

sphtAcrite cliff(:r1: frol: 7/lace to 71sce 

even zithin a slniT le specien. visual clAi:4. ites 

from lcsc th!:..n 1 p:_rcent to 3bout 1 Percent 

of chllcc;pyrite blebs in sphalerite. Ypher1cn1 

blebs of in gangue (fir. 2.,%), A.cbs of 

c1J:lconyrite in ganeue, blebs of pyrite in gangue, 

blebs af in sphalerite, and blebs of 

tetrahedrite-tennantite in sphalerite ore 'tlso 

not uncoon in sulflk:,e cre3 from the. 6intr!ct. 

The significnce o: the ch;11capyrite in 

sphtilerit ,.i mottled texture is difricult tc evluate. 

bastin an others (1931, o. 570) stqte that -tt,lod 

textres ca .early fore by exsolutixl in met%1 alloys, 

but they A. so point out thwt siti.ilur textures 

in ores probfJbly in some cqses x-te,ent Vnz be-

innin of relacilent of tl',1-1A.erite by ch, lcopyrite, 

and In still otht. rs be the residuls of ne,;rly 
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coT,Iplete rcrli-coment of c',:ilcopyrite by aphalerite. 

tuer,-er (1D34) has ehozn e):7NE..rtlint!I11y thtlt some 

cl.A.cony:ltu c:-1f exist in zolid s:Jutiun in spll%lerite 

'in tht exsoluti:Dn, or Jmnixin:,, proucini7 

textu re, c..n take place ander certAn 

conditions on cooling. 

1.t)ouir7h thc chJcoofritc, bit-bs in sph3lerite 

in the :nst or c Dossiblj be ex7)1!!Ined 

in part -t result of r:Jiut5..)n, td bleb3 of 

sulfides in (7,rxue, vThich ore rarkedly similr:a. in 

apnearanoe to the blebs of chalcopyrite in snlY31-

erites c-3r-ot be ehrinined by this 71roces;:. 'hey 

3rt--, however, reesnlbly ernlained nroduct 

of early trio of renlacemcnt of ncue by 

:AnerFlls. 314Alarity or the 7,iott.lc:d 

textLiN: ,,ro,',uced by cicopyrite in sptrito to 

7)roduced by trriJus t;',1f10.(i :lini3r::1 in 

in conjunction yA.t': the :orY4rnt hihly 

amounts.; of chillcopyrite in s2holerite (less t!-,rAn 

1 to nbout percent) sujEst that te 

blebs in sphite elf! not ,:;ntircly from 

exaclution. Inste,-;d probAbly repr6t,ent in 

nfIrt n Ntry ste in the, re-)lacelrlent of 

snhalerite by ralcoDyrito. If tAs Interpret,Ition 

is correct, ch.A.copyrltc is in the main youner 

thin, sphierite in t.:le naraintic sugunco, filthowril 



thtffe Aas douttli E230 x,.7r1'ip in the deposition 

of two mink.rals. 

'ornite for:1s ;;;I:.,111 anL trecular 

r4;isses In hleritc Lut in plucc:s shows %Litual 

boundry relationE to cLalcon:yritt:. it 

ser::::s to clavly ch.lcopyritE., but in one specin 

rrm, the 1..terthought minc veinlfAs of chlccnyrite 

cut borrite. The chlconyrfte in this slie 

horever, be suncrgenc it is clotcly . .sociated 

wits: ant. Is !7,!,rtly rEn1;!ced by covellitc. A.thouFh 

tie sre L4,1/11able dsta indicrite 

eesentlal contezTovineity betwe n the hypoFene 

chAconyrite and !iyloiTenc 1:ornite. 

•11.F:na any tetrahedrite-tExnantitc are closely 

sTyJ.tially and sot- mutiva bouldary rcla-

tion!i in most specimens. Com:aon1;! mixtures or these 

t;) :Anerlls are enclosed in sph,dcrite but locally 

tc-trlerite-tennsntit-a occurs alon: irn.lcuLir 

bouncrics net .bleen splrite an 4.7a3.cna. This 

reltionship L;Lgest Q1Lt tetrchedALe-ttx-in'rntite 

)r - 17 lort !:-.fter t ,11:_na, but the tAoJed . 

be virtwilly contc:!:porne:Jus. 

OxidAtion and enrichment 

The zone of oxiation Ind enrichrlient is hltily 
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ifrei:Latir. In -1,f!.yF It u:xtenils to df.tba, 

.Dr only a fcw ft;vt, stron 

fractu:Nta, it 6Xt t t 100 

1.2noes 

as in tc.: LAA4 11.1 ate 

The pTinc17a1 orpduct 1 r_;xiltil3r, of sul-

fide %)1d r!t1,3 :11ver 

c r t v. i.y t!aLin frt J o)L1-%1.: A-1 m-

mqinA be:11 darlrGT oxidqtt3n c*oss%n 

ta in pr;:;cius TictiA. It was 

ft:ist1J,;:c 1.1. lt,t: to •th7. dir.::::,v(:ry of thc eitrlot. 

17soluadc :111:o'l of tlAs 

ronalrd in tic ?7o.sAmn. Yost of the zi,c 

Einci coT.Ter va;:c tckcin z;c:1;;:Aon 1.:HT:)ved 

fro::„ !isan. 

In lck of 

1L::c ourfue :nevent 0 itr 

fL!,t1;. c.-trnatc. , r was re.)n little c.:)-7 

de7o.Ated in zone of cx1Critl.)n 

NAttvc 

!,'.ot or thri corrcr fr.,:e in 4:AiiQ oid7.1tton 

7,1-000,3 v.12; prielpit as 

1:.ectly bcnc,,f.$tYl the 

"rhit of scoont.ry r.ririont fwmcd a 'Aghly 

tInnkt lc A;(;- -. ,:;1.; 10 fe .t. thick t't 

https://scoont.ry


Fully Fill (rlller, 1003b, D. 129), but elocwhore 

in the district it wa .- le:e con:;picuous. 

ccordinF to All:r (1')03b, n. 122), chA..cocite 

was most abunnnt near the borders of nyri tic ore. 

t.11.nor nodules 4nd etrini,'erc of c'- lcoeite were 

found in the Hully rill am; Asin tar 'inLs to 

dwoths .1t 500 fEet. Aller (103b, p. 129) 

reportr thqt secondry borrite secondary chnl-

conyrite tere found nssocited i‘lth chqlcoelte in 

tare ::Jr. of 1.1richmnt - A gully Fill. In the 

Aftert%c)u- t .:ins: seen_qry sulfides are nre!.4ent 

as deep as the; 120 stone, about :Z:0 feet below 

the surface, but nre in very .ni.ior amounts. 

Ifidenee is conellinc the massive sul-

fide denosit.- ire of re-nLIcemnt orlin and t11-,t 

the Bully Trill r!::5olity, te for-:N ti:)-1, and 

metleiwilse dikes VInt inta.:16e the Ailly rhyo-

lite qre %he rock units renineee. The rpnl,ice-

ment oricin hris been recognied by nrxtieglly all 

i • eologlsts huve cor ked in the di:Ariet (Diller, 

1406, p. 13; Gratn, 1910, p. 91; Boyle, 1014, 

..n by thi:, followint7 feturr3s:p. 97), and is sho-

(1) The presence of unsup-orted horses of country 
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rock witin sulfide lensce; planar structurcs in 

many of tIlese horses !ire eeonstribly concordnt 

tiose in the rock enclsin the sulfide lens, 

t1)!it tc: horses of country rock were not 

moved durinf,7 inerdization; (2) *w.!rinr in tile 

sulfide in n1ces pir1111cls b(rdfAnf7. or foll,Ition 

in the . .dnt country rock, stro!vly 

if not nroving rellIcement (fis. 15, 20); nowhere 

is the br., crustifird s'A!'.t b expectc,d If 

the deo.,it st;ere (Z7) the nresence, 

in so-le nlaces, of n pradatiorl contact between 

iza i ive sulfide and host rock; :tassive vulfide 

outard into rock c)nttininp heavily dissem 

in:ited s-Al ln-Acr, in turn, rAcs into 

barren colntry rock. 

Ihe Le?osits are belie ved t have formed from 

ascendinr hydrotherz,11 fluiUo.. TI.,;;t these flAds 

were 7)robrably aqueous is shown by the ablin;,,Ince 

of I:ydraidca and chlorite in the country rocks 

surrodndin the sulft:e denosits, and ttnatiout 

the :Istrict. TWO nossible saurces or the fltds 

and t"e !netals ard otter subt-nces -Vey c,trried 

were: (1) a subjricent incous :as, nd (P) the 

volcanic and setacntry rr;Jeki7, lie beneath 

the Hully M111 rhyolite and 'It for-n9tions. 
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r, (.!.t 1.c :3 t.,o 

:'rtz 

• 
t 

, • .i.'v -_;'.,..c•r... '. .1; 

,-:,..--1...,1 ,. c, t .:, :•:-., t,'!.,_ ....li ....)1.:,...-...t.. 1 !-: st , c.!.:'. In 1,',IA: 

'est _..i.:.--.,- ,:t 4.. ni c. :13. 

1.)0(_;- ,- k.), ..-:.: t, ,'- . i 1.'1 ..'.$)•..1, ..:1 1i,,.... t. ..,...11.•., i.:1; Ui' 

t,..t. f tt . t - 1 is a t':..i.rci. 

..r. u ',, -, . it •r• is .).: .) .-.e 

.. 6: ...',. v ..ine (..111t-x, .::, JC.,) 

.1t.1. . ric) 1.; -..J.,.-r, ..,r.. .. ivu F. .71. i. ' ,..L -.0.:., 1tS c n be 

t:lee 

ir,r,(•1 °them; (1957) t'. the loco-

t1 ri1":1-381VL t,' 

L:•Ict; t -Jr t'• enc.', 

ilk. • ,.)u t,•.in t? n -rt. ncr. Jr' 7.)yritize3 

rock thc: sr:;utl.: end or srat 

f3 not,lc r‘o suci- r , 1. ti,:riship 

betvecn sul 1. ex.no3,-c. 

ton ie C be :-ov.ev:r, I - the 

(11.:*.ltr;ct (nl. 4), even 

01: a subjecr.L igneous bent ., the 

€n i re 

7., rev , nc( or 'iLsu 

Lo .t 



eJ:nlaced arlFma, it could vkell have lv n rirle 

to te necessdiry fluids by tic 

diffantiation rocesses. 

altormitive sirce for t'u -.111 nert,llzinr 

wf:11 as trwlvnorted, 

is tl-lckness of volc,clic and seentilry 

rocks tt underlie the mi17/ rill nnd formations. 

Tnasmuch as these rocs rre depoited largely in 

a rci.rinc eueosynelinql clivironcnt 3 loTTe volume 

of 47 7.atis must co.1- t?.inly have been trapned in 

nore spices. Ihe heating of t1.11s eater, by 

wh':tever mfAhod--dcep burial, radioactivity, or 

proxinlity to a magma—would taus': it to beelJe, 

resurent rind thus a not vehicle of tr3ns-

port. 

Thc: co *)er any.. zinc conte,.nt of ttree samples 

of srilite and keratoptyre fro:':, the le%tqls andesite 

and of one samnlo of meta-anUesite from the esird 

foition were detcr-An(:d by qunntit(Itiv spectro-

ic metods. The results are -,iven in table 7. 

The thrcr, sa:a'-lec from the Dekklc lndesite are 

each about a mile from the closest known mas:iive 

sulfide denovitF,, rind the stimnle froT the "acrd 

forti:in is about 5 miles from the close::t denosit. 

Thin sections shop= sliht alterQtion of nlagio-

cl'ic to albite in the meta-'indesite sample and 
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renlsaccm(,nt by Albite in the ki,lr-Aonhyre 

and s)ilite samnles. 2erroinenesi , n ins rails `are 

alt(:rt:c to chlorite and urlilitic 

an' ayses sLo% tTht the con,,er content of 

mcks of tIle anc fortions is 

about the same a tc.: ,,licrae content or the 

earth's c-ust (0,007 to 0.31 percent) as recttly 

calipileC from v>irious sources by :lciscr (1053, 

n. 4), anJ A.to about Vt the Leyecnawan 

lava; "i'hii7an as iven by :q-oderick (andell 

and r.;oldich, 1043, Y,. 175), On the other hand, the 

zinc contnt of .Afic rocks of the ekkan rind 'Third 

formriti,Als t o to thr t. ti.';O. as i7r.c9.t the 

averac.e (0.013 nercent) found by . n:! x;11 and '.;oldlch 

(1943, p. 17) in 25 samnles of t.;':,sic icrmeoun rocks. 

No sf3. ,-)1 - o; L:opley crenzitonc u.nlysed, but 

becluse of its similarity in bulk co:,:lo.sition to 

thc kl:ss it teems reaconuble to a.sume 

it cont'Ars about t.r.e same amounts of copper 

and zinc. 

If one use even the :5ust c,inserlmtivc. v 

of 0,08 percent for Cu, anc; 0.021 percent for 

Ln (table 7), it works out that the ekkes 

as Y.(111 ul; the greenstone in te.: fornation, 

yort in about 1,000,000 ;.one of ::et,4111c copper 



and 2,5)0,000 tons o metllic zinc per cubic :Ale. 

The Copley xcenoto 71.-ob7ably cont,lins 

amounts. Inasuch s t , verrv7e tHckne of the 

1,ekhas is about 2000 feet, the thickness 

of the marl:: 1r,:ig and Tyroclstic rock in the Baird 

is at loi:!et 1000 feet, and the tAckness of the 

Copley f7,recnztunc It: a 7,iriaium of 200w feet, it 

*ouLl scia tht these Vortiono repre:. ent a -;orce 

ore titnn adequutc; tG account for the a71!)rox1:uutely 

.50,0u3 t:)ns of colpur and 5,O3U tons of zinc that 

tne diatrict ...mf.; so rir produced. 

If it be 1,(5u:Led rr:fic volcanic rocks 

of the eugeosynclie, the ensto,ItIc wziosyncline 

of ells (1c56), were the uource or the •iner3lizine 

fluid:, tTo r1tzitIon aechq-liss seem nossible. 

One r:id reç.Ire thrit, by tifl increse in twapera-

ture and/or pressure darirv. orogcnesis, sea water 

held in pore si' cos of the rocks wtis .%obillzed 

and thereby alac potntii1 vehicic of tmn ,ort 

for th• ,nincralizinc sub:Jtarces. • s these hydro-

thermal fluids .11ove tr:- ,s in tneJu,-h the rorA, 

gc.of4nclint., pertictJ.ar1 te afic v1e&ntc .1cks, 

they took Into soltili:m a very i.11 ercertge of 

V:e copper nd inc (11:1 .)rolly also s,dfur, 

Iran, precius tals, lid) pres,Int in these 
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rocks, ThE. i31raction mov:nent of t '1u11s 

was pr-usmably tourd aeso reAntivly 

nress,lre sach . s fults, :thear zons, and Jlasses 

of friletara:i tdreccite Orittle rack like V-,e, wily 

111 r-nyalite. These t served as 

VI° collectinr (!nels rs3 10.1 of 

denosiIon for tl!ti. ;:rs ttrotv 

foature 1 t!...t t'lf; 7,111.4B of 

notk,nt1-1 source rock can 1.- .!t= v.- r, 1 y.c ercby 

nucessitetinc tc Futtracti:n of cin7y c, very small 

frlActi:)n of t!-.1c: con 1 c metr:1:5 to account for 

all VA, known vulfide doposite. of V1, i!iFtrIct. 

On t.:le other hfind, the hypotIlesis reircs t!it-? 

movcent of :11r, pervasively through the pore 

spaces of a Llre,e volume of rock. it such per— 

vatsive :.lov4i6nt of fluid is possible, inzl, hi 

taker, place, IL, intic t; the region:Al albitiza— 

tion antl chloritization in the districz. 

An ul;errvitivc! aloch,.Inii of .7.1in4:?rizat1on 

might result rroi ranitization of 771171c volcanic 

rocks deep jr tht; joosynclinc. In 3 racent inter— 

est:Ing, ptIper, u!I1:u (1940) m%kes a rood cm7,8 

.j7ein r11:tin1 or*- CenofAt, an:1 ;:ranftliati.f)r. 

points otin.;:: to thi: 1-As f7overni1,;. 

the :;:eocterilics:1 dietrtbution of c=,le:;lents 
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fo7V-= by ;;oldc,iemtdt (1)37) 1,11e formation of a 

cr,:ritic rock by replacement nroceso causen the 

vJlun,ble Llement::: C ) co.1 ococon-

trted in inver .o oxtent, to 1.311 

ineorporat,.:1 Ly ila.lorphous 

tion in the: formiir zir11s. Gopoer, 

beca'aue of it3 I1lir ionic 1.-!.dius, 

is bt, lic:ve to sur),stitute for Iss.rro;.:.2 in 

ferincn partIcnIlarly tU, Ite (11.n-' 

a and 'aha..za, 1950, p. 697), a:d1. thus more 

in mafic 1;. neo*.atl thn in ti-Anitic 

rockc. inc b0717..ve,s tillrly eoep ht It 

is :abunant in tiotit• than in x:_fite (Ran-

kT:ia and :,ahaAlq, 1D50, p. 710). In the granitiza-

tion of Alallc rocks, therefore, Yte co7)pnr find 

zinc cannot all ha in3orported into t'He 

rock sof iscoaorphous ,AstItution and 1.!,1 expelled 

into tho surrounding rockc. 

There is little tividence tbat th ex:posed 

Frnitic rucias in either t;:lu i.ast :hat or tne 

clot F,hut% 6istrictE bon Ly rerlltice-

munt (;1' roes in tht: 0:osync1::11 tris%. '.ever-

Ilcslt:ss, the po:A;Obility t11,3t 1 volume 

of Gopicy unci otlx/ rocks oci in the 

ceosyncline were tAtIA,:r rw-,lacec or tiL-isin.ile.ted by 



Er:tnitic voeLz; ca*.not e 1012.y 61ay.isscd. in 

the p.i'pleer.:ert of L-.1c1; 1-L.s a: the Copley 

and ..ri!3 for.:at13n 6 rc2cat1vciy 1Fireo Dercentrwe 

of b. expellA 

c,T,C 4, üe uv11t1e rQi. c;:inctnLratr in ore 

in tructrCily l'!avomblc "cdces 

in t. crust. 

t.ar,cd on iii1ler's (13G) (7 t'rickncss,ta for 

of pre-oronic far: t1on: jcr hr: 

anl on tliJ wriLcrtu os1;1iatu or :4)30 fvet for the 

'It 7arluati3n, L?.(.! L-10int:L5 of fArativIlinhic-

cover ti-t rhyo-

lite tiaie of ouny is 11,C50 feet. here -

fore, L;;.E! tich Lk11!1. - dcrucits AfQere 

fuz-v:ed cert_inly not 6regt-r than 

11,C50 feet. ioreovr, 1..1uc az defortion 

criLiisely prect:lec: 

it sec2.v likcly th,A ,:;ood del of croLAn "myb 

lwve tktin plce berwre alincrilizatint Lind the 

Hulfide L;epoaiLs :nay tLerefore fomed at 

depths cr)iCicrl'014 16 th.n 11,65J fe“. 

asse.rIbluc of 1tide iE a tyni-

mfIsoff.her1 kAvi::n by Lindgren 

(1V3, p. 53J) thcrtJfo:'c. Luovedly fored at 

oi 175 to 3:;- U. The siadlirity 



in tAfita.re •A A iiri:l c,;_eApo!.ition .;f sul;i6e lenses 

to 1.1:iot :igeests 

oonith)as p;.evailed throurh-

out te tistric;t: prJbubl," thrJuut tne ncriod 

of sulfide Citiooziticn. 

SucPestions fur prosT)ectini.7 

t!;e sl1 Lo.1- e b(1uie U..ci.,.)p out tit 

thc rface vi .fobz:bly Leen foun(.1 it stA.Nliis 

tL.,t blind st,;11ie 1.,nses few hun-

dm.0 f,:t of the surfac still r:.!in uniz;cuvEred. 

Thee inca aro IiiAely to be hivh grade but they 

Y11 be L:-.111arid. rratically distributed. The cost 

of finint: i1l be and unities acvral 

lmnes are on cL3se to oach cAcr it is unlike-

ly til 1i:iit; can be .1coo.laY)11shee Jt ok.ofit. 

Ihe areas ragarQed us 

able 1:1* piospQctin are s%otn on1re 20. These 

nr.iLwi anti it is rot r:;eant 

to iiply that thcy are &11 cQn:,idered 

They /ire out1in6.4u on t!:e t.11!.; of the 

followin(. orlteri: 1) All te are's aro citcr 

In tlL iLlii nill ryoite, oI. in ..c it i,,;r.:L-tion 

clock to the dully i111 rhy3liti.; cont&cts 

obitti am re.striete 1;.) tht to for;:,.;:tJons 

https://out1in6.4u
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and it 1:3 improtmbl vl11 be found 

in otzt rock uni. 2) r:)cks v1 In the 

outlind zAr_ orc in wAces shenred 

c1 veterved 

l'der cht%ntis fcr fluids and 

E5 1ci 01% dt:, 1tiQ1 1; 0: 4,;;;:c 

are cotluJii-, vitl; (licr or alorc, 

TdklCh occur. Z) The rooks 

are. lir. are in iserleral fstolp.•.1y 

an in contuil bum 

brite, i6/i6;..,1nr.Aed pyritf;, or 

'Its :bully 11Il r.vcolitc is considarcd to be 

muoh ir& pr Ii1n thun ta6 Fit forlantio% and 

descrve,s the ::“)3t attontion, 7ast prod-,iction has 

ben froat the Kill an(:, it :.c,p ,ar that 

that f6rAt.i.:,n ivA6 both pyziclly anC, Lttretur» 

ally fvorkle root ror tL 

fluids. It3 L,iliceous, brittle, lolly becclated 

and 1.*Alt. e.:A-ctur proviO,G z.it.Air4 -1t; frActlres 

aria 8&i11 '1.11cmed hits esy 

110CSEi !In6 cauzJed w be en:A-An,-;d tord 

tetiQ; arcaa of iowcr )1.Lfe.,, Me. ot:.:.tranhin 

posiiJn ully :ill Li)neath the 

r61.ti1y Lapereblu or Cozl.fltItion 
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rt.11.1 r f,ivorqb1c rnvIrorr:cr..: for t!:".e depor. ition 

of Lliflje !, inerr:2!- , RS tte risin flviOr; Imre 

ry-rit17 rctnr0e0, th hv:le. !Tly 7,rorv,rc.tIny 

in VA: vit fcr7nntior shcule b rrtrfctf to rithln 

a n:w `:Alnerfid fcct o tJA1 :11 1' rill oon.. 

tact, rrefertibly to !,11.!Ar. fc.7 71Anelre.-e! f-nt of 

fult co' etc vi t tc ly7f.1 

pur-",7ov Irlic-tto-7 of 

tt111d7: I - r:tructreler- , cellulqr 7orisan 

drly :'rom te in situ, or lirJ4r.A.ve 

l e 's ex7osEd by tte crnelon. 

Powever, orly about !-)1t. q dozen of 40 Imown 

sulflo.e 171, t7,erflro rossans 

arc not nnrticulnrly 7roldnont* 

1th:r:47h !Ire rot proAno.nt, lionite 

'Ielvtly iron str..ind roilk ts abuneant, lnd in 

placec, :1.t, (!iffl.cult to (111:tr,,,, iti'n ',)etecIn 1.10 

trur! Jr:Iv4A r'" tc:.x?..1,11t1,)n of mas31ve 

mulfhle anti l!raonit forc(1 

few .nnssos or !:,tr.;ct,irltlos, cellular lionite 

interrril 3C residusl li•rite 

bole!..1 of mrssivc or 1- tl'avIly (11,e-!lnitrA pyrite 

(nl, 4) • on .Getre!er tArst Ind 

'7reeks ("1. 4), qnd lolnlly in V‘le 

7111 nrea .71nnce,,f of :7-?e to f7011,'7 

t::t are far re:lioved tri nny is1 Ealf't mgss. 

https://proAno.nt
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comonly has a very weakly defined 

layerin::', as opposed to tIle structureless and 

cenerilly more cellular r,:si6u-1, limonite 7ossn. 

1.icrcte masses of this limonite are commonly at 

about, t!le sume elevation on h11lsi6en, indic:Ainc 

that the limonite was probably de7)ositd along the 

mare ins of a body of water duritv 1: to Tertiary 

or 1.eistocene time. The hi:!iest masses of this 

trlJlorted limonite are at n altitue of about 

1750 feet. 

leavily iron stained rock, derivud from rock 

cont'ining much dissein.tcd pyritc, occur nt riany 

places in the district and 1;.xnlly marks shertr 

zones in which massive sulfide lenses are local red, 

eitcr at depth, or A.0 strike. The Afterthouitt 

shear zone is an exami21e. t:ovi1 .ever, some are9s of 

heavily iron st'llned Jr pyritizod rock '- ave been 

explored rather extiinsively by diamond drilling 

without success. The ;'ow. boy (Abe Lincoln) prospect 

in sec. 4, T. 33 N., R. 2 is an exale. 

lye sulfide lenses, if present in thee aretis, tire 

evidently neither directly bent it'' nor directly 

down dip from the heavily iron st'lined rock at 

the surf ace. Heavily iron stuined rock therefore 

may or may not be in!ctivc: of imssive sulfide 

nearby. 
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-11tocn chip snles of limonitc, collected 

from lirirJu'4; .:,)osuru!.3 in the arca, werc cuhAtted 

to KawkeL, T'io in 1251 was in ch')rce or the 

U. f.7e010..ical Alrvey's Geoehemical 7ros9ecting 

Unit, for chemical lnalysis for copper, zinc, and 

lead content. the results are shown or ri-ure 20. 

'a..mple 1313 representl,, lionite gossan collected 

from only a few inches to about 2 feet above a 

sm111 lens of massive wIlfide unusually rich in 

lead. Tample 1686 represcnts osean collected from 

a few inc!,es to a f1:7w feet above a 1€'ns of masive 

sulfide. Famnle E47P is from a few feet above a 

lens of loo dicseminrited sulfides. amples 

D922, 1608, and DC11 am of limonite tat occurs 

as a skim along tLc contour of hillsides in the 

First Creek nreq rid which has obvio-..isly been 

water deposited. The remaining limonite saraples 

on fiure 20 appear to bc Flinly of limonite derived 

fro the oxidation, in situ, of heavily disse7inated 

sulfide. 

The results of the geochealical tests t;re 

erratic and it appears unlikely that further feo-

cheiaical ,srlJlysis of liLlpnites for copncr, zinc, 

end lend at le!-ist be or .luch value in pros-

pectin;!, for hidden sulfide de7)osits. No tcocem-
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coal tests or bedrJek were in t7,e :qst '::hasta. -

district. llowevur, :3yste:ntic of bedrock 

for copper ovf:.r the !:ta:,oth mine in the et 2hasta 

CistrIct for cor-ner gave neative results. Conditions 

in tis loculity are siAlqr to those in the :aist 

711:Ista Astricti TIoasibly geochemicc 1. tefiting of 

bvdrock for ondmium or oth er Anor elements mirlit 

nrovu worthwhile. 

In the absence of c:ossan dorivod fro:: :xiesive 

sulfic:c the prev.cnco of silicified rock c•...)nt!iininc 

in rt:l.tive abundance one or more of ti ti-rouD of 

tainerals th'A includes bfirito, anhydrite, cA.cite, 

hydrous Qicu or sericite and pyrite in close 

proximity to a shear zone or fault is regarded 

a = favorable indication of self is !riiner%lization. 

The sulfide bodies at the tar TArt,;:, and oleo 

in the Copper City area, are not exnosed it the 

surface but arc 1:1rFely overlain by intnely sili— 

cified rock that conly contra ins sparse stringers 

and small irregular bodies of limonite. In a 

fe ilace veinlets an0 blebs of barite trt'; pre— 

sEint. Clattin this intcn2ely altered rock locally 

are shear zones cunt fining gow.y materi-t1 ca7Inosed 

of clay iinf. rals mixed wit!1 silici',71cd rock. In 

the absence of limonite Fossan, te cobin'Jtion 
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of int6nso1y altered rock cut oy sr zont:s 

be n. 1n 1rcctsurfacc; expresion o: oA.fide bodies. 

It is, howev.r, noL as relitle n iw:iction of 

:,ulfidc ore !s reoidu31 ossan, .WL t!iere-

fore list be used caation in serchin(.: ror 

11 41.6dn delosits. 

In my opinion, any serious proL3ncting 2rocram 

sho1C. Anc o1 f:henr. boi;in vA.th tcretailed -

zones, fultti, !Ind ltertion fetures. This should 

be folloTed by a geophysical and possibly a peo-

cheic51 survey of the most rlro.:Iisin localities 

in crd€r to definE as clos(-ly as pcsible Potential 

tar.:et fur .1.:ziond drill exploration. 

Contact metasw:lutic mar'netite derorits 

vii-Jetvilly all tbe sirn alasses th.:t crop out 

betwe e n ..;re.k and the sout'lern boundary of 

tht zap area (fi6s. and 20) contain :Lagnetite 

in :Linor amount, Zowever, the only mass containing 

macnkAite of IiiinzIole :,rade is that which constitutes 

the 3hasta Iron ine in Bec. L6, T. 34 ;;., R. 4 

This deposit was not iiiappe:1 in (etil eurthL. the 

presen: viork as an exccllnt pper un 1:_ -, f3 Leoloa 

of tho depo2it by Lakaey (1946, p. 139-164), in-

cluain detailed luaps and sections, has been 
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publicd by the CliforrIR A.Iision of '1.rics. 

The f ,Dlloin sumicir.y descrintic)n of tl.c or(, dopos-

1t6 1 lotod fro mey'F nt,-our (1948, p. 13-140), 

but the intcrest.zAi re.J.6er 1 referrc to tt4e orie-

ima report, to th(.J .]etailJd geologic 

sections an to the.; :ziagnetic rap. 

depozito eGnist uf very aiscontinuous 

an lense!.; of ilacnctitL il.orcalat(A be-

t'!()(n lcns(s co!apcscd chiefly or L„arnct s upidote, 

and pyroxem uccoxpanied by so-J;!,.: serpine, a 

minc.ral re blin nLopyllit, nc aounts 

of pyrite and chfacopyritc. In &;ner.1 thc derv)sits 

lie between a late Jurar,ic or erly k;reticeous 

quartz diorite and the Ponzian (?) :f:cJloud li:ne-

stonc, and Aeru fored bj contuct-lactaorphic 

re7)lacent fracture fillin. In addition 

to iron, ma-ter:1..11s introduced '4.y. t':;0 A.neralizIng 

a3lutions silic, some mangricIse and 

chro:niaw, proba.uly nluAna, and perhaps zuiagnesia. 

'"The structre of the rocks is soewhat ob-

scure, but two do4linant structural trends !Ire 

appt;rcnt, one of which is nearly northeast, the 

other nclrly no:twest. n1c ip co;Lpiled 

fro 6otai1ed dip-needle ooservations os thfit 

the ore zone follows thosu two directions, espec-

ially the one trending norLheaste 
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"The total reserves, F;st1:2ted by the 'eolot:b-

ical Furvey from VA,%arnetic map, mine pit*, and 

five •Aamond 'olcs put dorn by the :Areau 

of -In r, , . t co t'.e interior (Pro-

ject N. 934), a[llount to 4,360,000 tons of ore 

havim- the followinr nercertae composition: 

Pe, 37.82; C102, 13.24; S, 3.173; P, 0.014; 

0.273. If all materinl containitT less t;In 25 

percc-t iron is a.itted from cmsideration, te 

reserves estiated by the Ueolocic.%1 ?urvey at:Iount. 

to 3,9L3,000 tons co7;taininr 41.28 percent iron. 

YucyJt 40 percent of the ore analyzed cont'ins Fiore 

than 40 percent iron, about 21 percent of it more 

than 50 perent iron, and only 4 percent of it more 

than 60 percent iron." 

,;.urirtz veins 

luartz veinv Are co.7imon in two nrincipal 

areas in the district. One iv on the southeast 

slope of Onrinn rountain in sec. 21, Id N., 

P, 4 Vi.; the other is in the 3a.ckbono AAFe area in 

secs. 4 and 10, 7. 33 N., R. 2 (pl. 4). 

The/bfqns on O'rein 'ountain are as - Itch as 

10 feet thick and one W5.9 trqced for about 1400 

feet. These veins have been prospected by means 

of to fey: lnd s!':ort 16tL4, but whether there 



has been any production of c)1(.1 or other met-.,1 could 

not be ascertined. 

The vc.ine in the :ackbone 1.dge area micaler 

and less continuous than W,ose on 092rien 

but have been worked :.ore extensively and reported— 

ly contained rich pockets. IncludcA in this c:roun 

are the Old Indian (F. o. ',)rospect, and the 

Cook nrosect (nle 4), "ont of the veins strike 

in the range between N. 45 to and dip 

either northeast or southwest at moderato to steep 

anele;i. The veins range fro 1 to 3 feet in tIlick— 

ness and continue for a few tons of feet to a few 

hundred feet More strike. Some vcins contain 

numerous vuc:3 lined %ith quartz crystals, 
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