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ABSTR,-\CT 
D.1nes. 1973; Jnd Rorer:s 1nd Cmrendt:n, 1 ~73~, T.,:ese illsrnr 
Jre ;00 vJr:ea [0 reView here. bur some eVt:'lts ~er'lneilr to 0 

,-\n ,W,,:l ,.,( 3,clOI} krrr In Jnd Jround the Grouse C~eek \loun, study h::Jve been Jssl'inni Jges so conSisrenti\, JS [Q see'll rirr. 
'.:1110 In,: [he RJ:t RI\tr '\lountJins exposes PreeJlJ:'d::.LI,;)Jl. J.Hed: i 1) the Crouse Creck':::i)AfrJ~'U:ll~.ll1...:.b..cbF,t>;± 
~~ )ZOi(·~:~~,_T n ~~~_\._. _5_<.',,-1 !!!_It_'n_t_J_f_V ~9.;_~:'s:J.r~,;,,~eJ~ ~~'i.tdi!::.:.e.uL ~';,£~~J.tJ?j_Wt:)~U!lP!U [b~h!s-[iil-~- O£ ~iLJ.L~i:-~~~;l.'': 

.:!J21'<::; .11lc.G~l'l:L"_~.J.f!l',_~l, kIlur:llires-'!!1J~!..~".:~E15.1e :Juir~, cS5?lIs,,2,nu POS~IClv LJte jurJSSIC time: 2;~~..r:.2n:sm£the: 
:urnt,J tolds .1ILQ iu(;}! imnrJCiltions !ndIC;J.rL1I~JllS~J2LL,'Ys:.ll:l_4iLC glon"~'JS cQncJfre~"1,t With Jer·orm3.r1()~ during ,he tV;'" 8

J
;: ot't~ 

-:;;J [lV~'~~;uJ J~;;~~~~;:lsQde_,--c~i ::neJ~wnl( JS;tQCmiH.\(,lJ;l 2;:.::(!£~nd iJ) S3.,:l,!tl.r2f;_nQjJrer t,nJn middle 1,-;:";3,, :1,71':' [, 
~;J.iiJll~_W:l'<':';'l.:illi:.:.r.d.ltr:'·r 'llc\:lmom1:: sm . .\lctJm.QJl.l.bL( i:rJd.I.: Sre ~eglOn unaeZ'\-\'::t eXre:lSlrm ana consequent hlgn'J~;;:~ :,'LI 
-:;:TJ~'~ cJll\~~~i the_ .IJlo(hthono~e,\s JroJ-'lJJl.lli:b.tb.oll. I:1S. so :nat thruS[Jng :llLfS'ri'i:l\'e ceJ"e~ 
j:1J_:D~:U:!.!~~JlL:~_.lllto,·hrbuu, '\iUlCrJi grJlns Jrt :lJ:. ~ 
~:.::j;.',-i :n~u :hc ilOrlz()rltJi Di~lnt:. -Ind ~ilcJr :\tiJ::1S Inc:-eJSe :",:p\\Jrd~ 
)U~:':,[!jlt; ~hJr ~e ,~;.:f\)[~~l:lQ.~S \\er~ (;;u.~.~~.-Z~YJ..Q....J..Cl~ 
~};-u.1~h ht'.Hcd Junll'_ Rb~Sr l1:'Hlng of t:;rJGJrIC Diutons :H'fe:i:e:: bv 
::10 lk~~;:;~~r;~~;s~;dic1tes th.H 'I; ~ne :;~e3 IS ll~cicrIJI:l DV JJ.Hne(­
: I tc:, .1 ~JIL.2...U ~~'~--l):bi.Ji:,d..\:h[lI1J.lI~~.J.ec~~e JS~Q~P~ 
~-r:=e~eh'_-.Jl!J~l\~~J..r.cl 2; the nrs( :11etJmo;onic Jeforn::Jtlon 2'rob~ =::.::..:c--~' . _'~' _______ . __ _ 
.\['!\ e:1Jecl bdure 38,2 = 2.0 m,.:-:_agoL~no3', the--2..~d 
~:~morDT~lk{urm.ltlofi\\'~S sriWunue;;vJv 2~.9::: (J.6 m,v JglJ 
--;:;12i::-g7.~:c Ji;(~ril();~-;r:ock~rhJt !I~ or1Jo~.:gLJ.ck~[:s ~t 
~~l' "lur,',,::~(h\/rl ::ldl(.1~l' JS :llU-::l""Js .30 Km of e:.sr.\:JrJ trJ1:S:J:"rr 

~::" ~~,:;;., '~l';~~J 1:~~~L~~j~~e,~t~~,~~g;~~_;C[~:D;~~ ~~: 
,.:ri.: .. i ~:l ~:-!t·ri; '.Vt:-t 0\.'crr'..1!i 0\' J1T()cnrnonous sneers meJsur:ng: at 

G(TT-~~(!11. T\.vo Rb~2)r ;T1lner:ll isochrons .]nJ~I 
~o':l"l-rr.1(" ,1gcS Illcll(:ltc [h.lt :,ome pJrrs or :ne Jre:! .:onled below 
J,ll) -::.._ lilll\' III m,l'. :H;O, 

j:"TRODl'CTIO:'\ 

Tnl' ilrl'.1 ,(tlJieJ IS unt: uf I1JJnr Iii rhe regIOn ,nJr expose low­
,:m:!l' rJult, (,t .\lesozOlc or TcrtiJ~' Jge; :t IS also one oi Jbout 20 
lUl-.1iitic:' \\ ,)t'rc :11l'tJnl0rphl~n1 Jnd Jefor::1~ltJon \Vcre ?~rtly con­
'::Irrenr F,c, ! i. The InJD shows [ne gre::Jt exre::r 'Jr d,ese ~'e:Hures 
~"ur .11::)1.,) prl'\ ... .'n~~.) prubierrl In lnterpietl:-Ig :her"':"L The loc:iltltS \-vesr 
,.l[ :nc: ~l';r l)r uprn rusrs Jre :-,ho'vvn J.S SepJ.:-are ~.)(S ~t''':Just' e3C~ 15 J 

'71t)llr:~,~in f"Jng:,: sur;-ound<.:~ ~v exte:lSlve o.llu\·lum. FUIGS Jnll tJults 
.~rl- ~upert='i\ :.::\r()s(.'J in :he ~J.nges. but most Jr:: ~oo (ompiex ~o 6e 
.. v 11 11 l'''::l"J :--',:;:JD:\, JLr()~S ~he broad interve!l!ne JJ~inS, T;"e belt ()t 
u~r:lrusts. ~\ r.k·;..- is e.\po~cC: ~:lore (onnnuou:;\,. ~ro\,ldes J~pie 
~", : .... : .. :'h::..' ur' :~~"':·dr :':JSr\\,Jrll :nr:.:sr:ng In l;1te C[:::a(t~)us JnJ e3rj;­

,:::--::~l~y :lIlH:. ~iJt ~Ont~mDo:'":neous tec:ontc re2ru~~s h3ve Deen 
,:J:cJ In 0111-. J :CW iO(:liltI'es to the wesr 'Hose :inC Blake. 19-6; 
::... SnuKe. I ':i-~. ,)r3i (om'lllln.) IsotOPIC OJtJ' trom :he western 

:u,·.liitll'o Sl!~;geSt ::l wlJe fJnge or igneo'us rock ::iges, few or whIch 
n.l\e he:::11 .1C:[khed firm!\' :0 tecronlc eve:lts. :\ malor ;Jraolem IS 
:rqr i(·-\r .1i-:t'S hJVe be;;;l qriohiy reset bv ('epozojr hc::U'''2.­
',,"o;;t'r'I\.'!L·:-'.\. rhe .:'"c':.!!oflJi ~1!Storv has been ~n[erorc:eJ t)\' sc';e!"Jl 
:'ersum \ bL~, i 'l~I); Roberrs ~nJ others. 1965'; :\rr:1srrong Jr.d 
'hJI1'l''1. ! 966; :"-rmsrrong, ! 9i)Sb. ~ 9-2; Roberts. ! 968; i-lo;e ::Jnd 
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F:gure 1. Teclonic tC3rures ncar JrCJ studied. ODen .::r.:les :0 Ol3Ct 

where low-angle faults of \:esoZOic or T~rtlar\' ag~h3ve been .-:p;;r:"11 
.'loird clrch:s == places where met,Jmor~h,c rocks \\'ere involved :n derormJ 
(Jon. 1. Ahlborn (19";'3': 2, nazzar>:3Jnd Turner : q,:" , \1:,c~ 3:1C no: 
z::lrd 1'1t>2,: 3. '(oun~ Iq 60:; 4. "l,sen '19601, H::Jzzard and -:-1.:r", 
195

7
': 5, Howard l~C)"D, KisrJu and Wiliden '19b9': 6. ,'\rmsrron. 

'1968a :~, Compton ,l96C), 1"",:,; S, T0dd 19:"3': Y, Thorm3n 197 0' 
10. W00dward (1967', O''-"eill '196C)': 11 and 12, 4.nderson 1931; 13 
,V1ooresandothers (1968): 14.,-"e/son ,1966.1969', "iolan, 1935\: i5. 01. 
son i956:: 16, Schaeffer and .4.nderson '1960): 1:-, Wiilden and c){h~rs 
1967\: 18, Wnitebre3d '1 9 66" Lee and ochers [19-01; :9, Dover ,1969:: 

20, \1isch '1960\; 21. \Voodward ,1%-1,: 22. -"lisch '%0,: 23 Ken 
'1'lr;2'; 24, f'a'!Jn 1962:: :5, R"'3 :19:"0\; 26, Ccbuil ';9";'0); 27, Dr~we, 
'196

7
\; 2S, 'Tcham and Pampevan ,)970': 29, TtlOrm3n ,:19-0: 30. 

O\'ersb\' ,"-2;: 31, Slack ,19- .. ; 32. Peace ,1956.', 'T'lrust raul:s are 
from King ',1969:. 
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The JLlrt'~ dctcrn11f1eJ In :hl~ "(ud,,, rhcn:t()rc "l'l'fneJ ~llrprl'\lnl:, 
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Figure 2. Structure map of Grouse Creek .\loumalns :,north-south outcrop'. Raft Ri'er .\iouma,ns e:ls(-wesr purcrop, . . md V,Cln,!V. H,,,h-.ln\:1e (,ulr, 
have been omitted. Black = upper alloC:Hhonou5 sheer; dots = m,ddle sheer 'and sub"diarv sheers derived from It . S = i,"'..-r ,heel: J = ]lI!Och!~"'n. ~ ~ 
Tcrtlar'w \(ranttlC bod,~s. Dotted boundaries = Jr:rU)I(~on~i I.:on{;)c{s \""I[h Cenoloh .. : rocks: T = allochrhol1otl!rt ,ileet' (lll Tl"rU;lr'T- hl,."i.J,. r le.n, d.l,jl(.:, ,iu," 
aXial rrc~ds of tirsr metamorphIC {oIJ, and Ilneatiuns; thin unbroken lines ,how [r.:nJs of ,e,und mer;"lI11orph" 1<>,,], .wei :lnL.ItIOI1\. 
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maps and many Irrhologlc Jnd slructural details .re avad.ble 
{Com pIOn. I'F2. 19;5; TuJJ, 19731. 

ROCK UNITS :\0iD LO\\·ANGLE FAULTS 

-r:~~~~~~~~~~.lJO.I~~ ..... ~~e ~a~u~r~o~c~h~thl.Lo!;!.!!.;..n. Subsldi a ry lm­
flure t rll~t; t at have IOlalIv emplaee u der units !')Ver younger 

ue assouJted With strongly overturned folds. as Jesi:flbed In Ihc 
next .. edILII), 

The Ran RIV(f .\lmlnraln, (Xrll~C r~L.allQ~hrh()noUL FOLDS :\0iD LlNE:\T10NS 

~.....illlJ:......iliU.LLJ.ht: \'rhl'I-Q.~n JlIr()-"b..r..~.~ill'.!J.l; 
~JlJlbrI'lILr.u.d..L The Groll,e Creek \lulIn!JIOS He 
,,::lIIJr!~' (lJfnpu,cC: hur IndllJe J rhlrd. 5nll higher \hce: along [nelr 
,\e,re~:1 tbnh. 'h~, 21. The .\IJrlln \lounrJlns and ()tbe~ iLlw hIlls 
east L)t the Crclll~t" Creck '\\u\lrHJlns expo~e une ur more nor:h­
nvi\heJst-,rrlklng. vd:,rv..Hd-dlf'plIlg loy,-angk tJulrs along v..hlch 
,netrS 01 VJfI~lblv ITlc!.lInorphused upper Paleozulc limestone JnJ 
SJndstone were earned over thick unmetamorphosed limestone Jnd 
SJrid,Wflt" ()t :dmdJr Jge (V, R, T'lJJ. unpub, (bra), In manv plJces. 
rnese ,r\1n she::ts were empl.1ceJ on upper \\iuccne [UttJceous 
sandstone Jnd tangillmt:r:ltl' ,Y;g. 2), The tJlJirs are exposed Jis· 
con[lnuousl, tor a dls(Jnce ot .1( 1t"J.s( 19 km trom nurth co >0u(h 
JnJ tur Ii km from easr tu cq:SL Slmtlar sheets Ire on Tertlarv beds 
It the north end of (he BJlh vloulHJ.lns and Jr severallocahnes In 

the Grouse Creek .\luuntJlrc ,Fig, 2 ... Fossils (ollecred by Stanrord 
~elJ ,(uderts ar une ot rhe I.Hter-loc:Jilrles Include gJstropoJs thJt 

:re ,tudleJ ;lOd :lssl[!neJ J LHe .\\loCt~ne .lge by JJmes E, Firby 
i 9-:"3. written .;ummun.). 
DeturmeJ uprer \\Iuccne beds show rhat th 

'1 :in; "W'lLe! J5 J uUU Iv Dlun~!n~ qst-trt:nd!Q~ 'lI1.r:cline in 

Pliucerl\.~ tlrg Jnd th.lt the Cwuse Creek \\oun!3ins tormed .J[ 

'3(;"out the ,ame rime by Jrchlng JnJ high-angle fJujnng. ~1 
ha, o:poscJ (he Juruchrhun to Jeprhs of 900 m In both rJnges lll!J 

SIS ktt rnollj;b klippen .1nJ £enpheral parlbe5" of the :dlu(hrho-
i nOLlS sheets ,0 th,lt rbc), ,';lQ be prolected (onIiJ,otiy over mosr of 
~~. 

, Although folded 1fl derJri, the allochthonous sheers and :lU­

w(hrhul1 ':]fL' r\ldel, slratlhed .lnd wert: Illore pc i"s5 h!)[Jzonql be­
Me thl' mUUl1r.ll1l un 'cs furme ' figure 3 shows their toral srrJn· 
,,[Jp I( SUc-t:"lun as \\'.:11 JS rhe [ypiGll positions at rhe pnn(lpal 
;u\\-Jngk tJulrs. Rnull1benr folJing IOlJ.ll\' inverred the ,eqiJiQ,'e, 

J .~!1.j iU\\'-Jllgk r-.llll:!IH5 .. Htt':lUJted ][ Jod !n'''l.lLv !"epeJted It hut 

!. j ~'t Ilt rhe r, Ilk units III the tigue .lre grne'Jlly ["rcsrO[ In rbe "r,j~r 
,hu w :1-

~re 3, how~ver. IS not J srr:ltIgraphlc column. The thicknesses 
,nU\\n are JII n13xlmal tor th~ :HeJ rut :lre prob:lblv mu..:h iess than 
~ne origin::!! sedlmentJrv thicknesses. except for units vnunger than 
\II"ISSlppIJII. j"lid->ptt: tlow c~lllsed (onsider:lble thinning . .as 
shOwn bv tlattelleJ "rains Jnd slhlsrose fabrics th3t eneraih Ire 
rJ~Jilei "lhh()[1zUrHallavt'fs. ThiS eiiect v:lrted considerJbiy 
trom plJce t() place .lnJ IS IOCJllv extreme: :llong rhe eJsrerfl tlank 
ur th~ ,,'mrJI Gruuse Lrt:t~k .\ luuntains and the adiQlning sOllrhern 
,rlJnk ,)r the ibit River \Iountains, the till a I thickness ot all UQlrs 
be[\,,:~n the hasJI .ld.lmellire lOll the fisb Haven)\ DQ!omlje 15 

.ommon!v onlv inO m. 
~.I)()rher !il1purtJnt C:lu,e of thlllnlflg '",'JS faulrmg .liong sur:xes 

tn.l: ,ut .l(f()S, str:ltlgr::lphl( unl,s ar iow angies. JispiJClflg srrJrJ of 
rhe nJIlt;lllg wail u:~w <)IJer ~lh.:k,. "T"his IS shov..n on a iJrge scaie:,v 
tne 'l1ldJle ,heer. whlLh empl3ceJ rhe upper pan uf the \\ISSlSSlp­
rial": or the l()y,er part ot the Pennsvlvanlan on Urdovl(lan rucks 
rnruugnout [he nonh h31t ot rhe .lrea but mcludes progressivei\' 
aider PJleuzolc UlllfS as Ir IS rrJced southward m tbe Grouse C~eek 
\Iountalns : fig, ·h Tne teJrure cannot be a moderately faulted un­
':l.lntormlty bt::leath J.n onlapping sequence because ail of the units 
Jre lithologllJllv rhe same JS rhev 3re elsewhere in the region. The 
relarlun thus 1!1lpltes many ~s pI kilometres of djsplacement of the 
mlJJIe sheJ.:1. The middle sheet IS Jlso subdiVided bv subsldiarv 
luw-Jngle taults that produced similar but less extreme eHecrs. 

The fJult Jr the b3se ot the lowcr sheer locaily riscs from the 
schist of Stevens Spnng to rhe s.:hm ot ~\ahogany Peaks or the 
~Jrbie uf rht' Po~unip Group, n)e lower alloc:htnonous sbert IS bur 
our enrin:lv In part uf rhe eJsrern R:ltt River :t'Iountatns. where the -

~:.b[ itw:c S~[S L'f told, turmed Junng rnt::.l!!lurphl;rn ..... apJ .... 
'ounn. willch m~1V i"~>iliv ,i't: JivIJe~o 'evt:;Ji ,e[5, formeJ0 
mn.1mu . ,1~m.::\If;";"1 the tolds rlul1g~ at Tow J:"~::s In most plJLes. 
~::;::~:~~::!~~~l£~J..!>JIJ, Jchne a :,ruJti .lre thJt SWing, from ea,r­
p,uu:;;:'lS;tnriK RJn Ri\er ;\\()U[ltJlsn to no,:h. ~v~ 
the Crouse: (~ \l\.,untJtnS :Flg. 2;. ,-\Imosr Jil the fulds arc: over­
turned toward the convex (nurthwesr) Side or the arc. Exceptions 
Jrt eJst-uverturneJ tolJ, dt the s()urhern end ut rhe Grouse Creek 
.\\ountJlns. whllh I11JV nor r.e ~untlnuous with fulds to rhe north. 

.~,xe~ ,)t the seulnd set vi meramur::>hlc tol":s trend nort:'west ro 
~ot ~"e Cn:;} ,vlounr'JIfl> In"'3 JP roxlmatel~st 
~t: Kart~ \iuuntJln,; ,\r scatten:J loc~ilrles In t e central 
Grouse Crcek .\1uuflfalils. y,or-trending rneumurphlc folds have 
overpnnreJ northwest·trcnJlng folds .. -\Imost ;111 tolds of the sec­
ond ,er Jre overturned to the nurth. Exceptions are northwesr­
trenJ1!1g metJITIorphl\': folds In rhe lower, and pJrri.:ularly 10 tht: 
i1l1dJIt:. Jllochrhonuus ,heets In che central Grouse Crt:ek \1oun­
tJlns thar ~1Ce overturned ro the sournwesr. Stdl younger, scarce 
met.1rnorrhl( foiJs .. not shown In Fig. 2) tre:ld northeJst and are 
\lver:urn~J towJrJ the '(lutht.1St, and In pJrts ()t the centr:!l Rat, 
KI\t:" ,\i,)untJlns Lite merJ1110rphlc folds or rhls (rend Jre over­
turneJ to\\JrJ the !1urth"'es(. 

Tht: metamorphiC i,)lds QIlge from uprigh.l.J.o recumhent. most 
be!llg ,trun ,Iv overturned. The IJrges[ 3re recumbent and me;sure 
0.) to .j km trom anticlinal hinge to adlOInIng synclinal hinge. 
These large folds are tvpic3liy solitary or 10 (Uuplers, wah rock 
13\'t:rs extending nearlv unJffecteJ fur manv kdomc:tres in front of 
th~ tulds ,)r behind rhc·m. Hinges of the most prommenr folJs in the 
Ran River .\\uuflfains (In be foilowed for 22 km in rhe au­
tudlrhun. Unlv a few fuiJ, of (omparable Slze oc~ur else· ... htre, but 
[he !lumC'er<; ot srn;liier fuiJ., IncreJ"C exponentlJ!lv With JecreJSlng 
fold SIZC. ,uch th;Jt fOlds with w~veiengths of abouc 1 m CJn be .,een 
at !T1Jnv !llcJllties .cxLept III the upper Jllocnthonous sheer). and 
tolJs sm.dler thJn 5 rnm .lre so .1bundant as ro Impart a perV3Slve 
In'': ;.hJr~dCr!StI( iineJr ndglng or stnplng to surtaces of many 
liu.]fCZlte Jnd marble iJyers, Other line~Jr dements parallel to these 
s111all fuiJs Inllude rbrrcneJ and .:longJted pebbies. triaXial quarrz 
~l11J ..:.llcite grains. priSmatiL kVJnire Jnd hornbiende grains, don­
gJred 1111...1 piates, and open-spacc fillings (tYPlcJlly (alcite) on twu 
Sides of pyme crysrals. 

The po,cmctamorphlc folds (not )hown III Fig. 2) have J variety 
of forms and trends. suggestln rhJr muvemems at that stal(e were 
~~mpicx .lncJ j()(Jllzeu.- e :argesr at these to/us In the ;:esteT', 
Ran River VlOUflfJlnS Jre probJbh of the same J!;e as the V(lungest 
metJmorpnlc tolas In the central Crouse Creek .viounral~s, The:r 
sense of transport could be determined 14 i<:!7l southwest ot YOSt, 
where .1 tan-shaped JrrJ\' ur iJrgt' tolds that Jfe uye~turned !;C:ler­
allv toward the east IS ,ur bv ImbClcHe (hrusts Wl(h rhe SJme se:lse 
uf transport Compton. ! ,:/;2), SIX kilometres [lorrheJst ot Yu~r. 
tulds or Jppruxlm;,te!v the SJme Jge have stronglv deformeJ rh:: 
middle iow-.1I1gle t:wlt Jna subslJIJ;" low-angie f;uits 111 rhe luwer 
sheet. 

Recumbent north-trending folds in the middle allo(hthonous I 

sheet of rhe centnl Grouse Creek .\10untarns are probably of the 
same J.ge as those I USt mentioned but formed where metamorphism 
was srill 111 ItS wanlflg stages. They measure JS much as 0.5 km from 
lntlLllnal hmge to synclinal hinge. Jre overturned to the east, and 
Jrc cut tJv imbriLJte thrusts displJ.ced toward the east. 
~meram()rphlc folding also Jfiedeci the JutOchtho~ 

ut bv no means unlversall\', The tulds rJnge trom slight roils Jnd 
~~;::;-~:-:-;-;:;:",""-I-""',",,",,""~'~s uverturneci ;0 the eJst~ None have 
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wavelengrhs of l110re rhan I m. and all trend berween :-.i3l)OW and 
'.iJ(fE. 

\IETA,\10RI'HIC VARIAllO:--JS 

Vertlc11 ,1nd Lltcr:11 V;1rlJ(WnS In me:Jn1orphl( gr:ll1c Jut' t,) rem­
pc:Jture JlttnCIlll'S hclp I:rc:H!\, ,n IntnprcnnL: the .1cror",.HI()ns. 
T11l' L:Cllcr,l! \ ntic:11 \ :H;;1[IOIl, ,He .\' tollo\, s: 'I 'n, litre: 

, " , ~"t -:-. 
• ~-~~~~~~~~~:.~~~~rH)\l"""; I _ t'l~' 'l1\,i..!!l" """ .. ~.( 1~ 

~~1~1~2~~~1~Li.u.....::U11~4~~~-0)J:! L!il~ ~~~_'--.'.ll~~~~~~ 
;'1L: \.:"'t!rel· \)r l{l\\-=.~..:.~~.~~~i1J..!._TD.L~U.~~~~.l.-J..l--.:l:2--2 __ ~.-~ __ ~,~ 
~ CrS~J:l J L :~(',LillJ.J.Jll.hQ.n .... ~..£...!T1l' r ,1 IDUQD.UiI.:.Ii..c.'\:un..wJ:.l;l.i1.lN: 
~Jcs glnt'r;)lIy In '-I'JS:ug do\\ nll';a.i T.1blc I lists ~ne prlll­

:-;-pJl mlncr.11 .1"et11bi.l~·:S for rht nl(.::'or L:rJdc ;JJrt "r ,',le:' unit. 
Bc ..... Hl~l' r,lrt~ ,)t rhl )nl'l'~S \vcrc JI~ri.lll'll Jrtl..'r :nct.1i11,()I~~11'111. r~,c 
Ll~\.il~1teJ ~\.:..:r!un b J ;::-.:on~rru(teJ nlet.Jjn()r~nl( Sl'uUC f1,lt' for r::e 
:11O>t he~Hl',1 r.1r: '.J[ [hc .HC;) Jt tnt: peJK ot· rrllc:r~h:c :IK:,,1110r­
pillSlll. Texrllres :ncilcJ[c rh:H the iT.lner:tis In C:le~ :15;(1:1[,i.1I::e 

.:oexisred .J[ rh.l( fII'll'. \\ ~crhcr Dr nllt trlle cC;l1i1ibn:l were .Ht:1Ined. 
Ex,err iur rhe hnc-"r::lITlcd o~hisr5 oi rne Oqlllrr~ .lnJ LhJlfl'11.11l or 
JIJ:1~onJ [\::'Ik rl)r;l~J~l\)ns. !110~r lnllll'i~li gr:ur1s .lrc bL't\\l':':~~ D.05 
JnJ 5 ;11~ In l~l.1rnl':er. 

The ::](<:IJI \Jrlarl()~S In r.lctJl110rrhl( ;r::je .He slr:lricsr In the 
JutochthDI': rhe h1shc'sr ~r:1dc rocks :He In r;'t \\ l''>rern p.:r: or :he 
Jre.l ,lilli rhl' :()\\c·,r gr.lc!l III :he C:l~rcrn !,:lr!. The rrc-,lLi:lmc!l lte 
~H.h!~r~ h.l\'L' 11tH heen studlcd 111 enough rh(c:' ro be :nl':1n'n~Jui, 

:-.\111_:' \1 ::\IR,\L :\S':;I\HlL,\CFS 1:\ H !C;Hr~T C;UDF. 
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S ... hl~~ or' .\1.:hogJ.ny .\Llnc :,h;Jit 
?eJ).;.s 

QL:.:rrzltc '.11 \.~.Hk~ r:l·IJ~rJrhi ... 
BJ~I:l :.JnJ;,t()nl' 

5 ... 111)( lli Sr'~·\':.:ll:-' Sh:lie 

Sr::!1~ 

S,-;'t;.,i '.:: jh:.::.: 

.... ·~rl'r > ... r:-()\\ ~ 

~::-...i \2'.1~;r:. :L h:i~'\;:'l:llhl ... 
).::~J)~()nl' 

OIJl'r Prl· .. ,l;nr.":.:n :\lL1I11c!h~:.: 
unit; 

C.1Dnrl) 

Colories, ~l1U, qUJrtz. biotite . 
• ~I'.lmOid. gr3rnlre 

Dn!()m:re . .J;UJf:-Z. ':vl\)rics:-, r;':I"'::':, 

rre;TloIHe. ,e-ik: j(·t-t!J~PJr 

QllJrrz ... :oiorlc:,s ~ILJ 

CJJ..:re. Joiomltc. ZOISlfe. ':Jk:c 
ptJg!(KlJse, .:oicriess mlC1, 
biotite. JUJrrz 

CUlur:ess mICJ. s[Jufoiire. g:.une:. 
:'Iufne. LJuJ.ro::: 

QUJrrz. ',,,;oriess ml(~. kVJn!(c, 
..:niurltolu :IOL.Jii~ ~l{Hltl' JnJ 

f:.Hn<:t: 

Cuiorless mlCJ, qUJ.rtz. blotire. 
S3rrll'r. oiig()~1Jse. g;:lpnICe 

Grcen hornblende, pi~g!()cLJse 

i.~u~rrz. ~-il'kisPJr. \,lt~O ... IJSC. 

... 01 .... )rl('$~ :1:.~cJ.. ::-tU(~fC 

t)tnt::t:, 1..\}j(lr:L·s~ ml(:l. "';l:.;r~-;. 

K·r~:JS?~H. ()1:g\)L'l~~C 

QU.1i:7. ":OloriL:s3 m:~J. ~"'I\Hlre. 

K-r·.::J~r3:-, PL.1~!l)L;,}se 

U!l~ll .... lJ.se. ortho ... ·l~15t.:. ~l:.H:7., 
~"! luCltc 

Gr,t'n hornbienor. I!1rnml'J:Jrc 
pL1~l(kIJ>e, garnet. o.jll:lrtz 

Blotltt', yU3rrz. oh~oci3'C. pmer 
;1Itcft:c mcrJS()nl~lrll..:1i;y juring 

!.:i(l' n)ctJrr:orpn!sm tu 

:1~'l'mhi;1i!l'S wlrh ~! :1nnc. 

SrJUfollte. JndJiuslrc sdlimJnltcl 

I 

but III rhe west the amphlbolire wnsisrs of hornblende. Ime 
mniJ:ltc pl:1~locla,e, and ~Jrnet Jnd 111 the east ot hner grJln~ 
'l!>mbicndc. epldorc, Jlbltc, .1IlJ l'h!()rJr~. The Prec;;r.-'Dn~ 
,lli •• meiiitc. whllh has bee'] stUl!IC:J mure extensiVelY. has :h~ prt 
~~Jde Js;cmhlJgc :Isrd III TJbic I In the Grou,c Creek \.\oL;'1:aln 
.Ind It n:lS :hc ;lsscmbiJge ml(rc)(ilf1e .... qU;}~z-Jlbj[e-w~j~: mlC; 
erldore-hlOtitC throu\!hour the C;}'f half ot the R;}tr Rlve~ \1()'~: 
t~:n,. T~e ,1d:l!T1c!llre Ie; diqlnuiy ~'1eISS()sc: In rhe Grou~ c,·:~ 
.\l(Hl;lLi:n,. \\ t:h r':..'\\' !~rH.',)Ll~ tcx('L;r-JI r~il~~. but :..h.1nt:~~ ~"':-:;~: . 
eJ,St\\'Jrj ~o :C~:. ~()il~ltcd \"Jrlt'rtt:'" 'J.. ,~h tnJ:l\' :.:,neOllS tt:~xru;1. r~:I-:' 

L.HC'".:: ... h.ln:;(.·~ llr :ne 1::1;"1.1 (~u~::-:z'rc ~'L1\,; bee:i sr'JJ;t:': 'n : 3 
~~~:ln ~\.·,-r!t)fl~. \\ he:-e tnt' n)l~ shu\\.) It" hlL:,:lt'')( I!.r:1Je J~)/~;:-.C;~t.! 

;[1 :h l centrJ: rJrt of the Grl)l1Se C,c~k \lounr.l'lns. qU;}r:z g,a~: 
~lrc :lC,H:\ cqu.1nt roh neJr,l, Jnd \.\ hl~C: illkJ JnJ biotite r-0r~ :i: 
n~l,-~ r;.~r;.:). TO\\-~1rd ~hl' e~~"t, ~l()tlrc C:iS.1rrCJrS, qUJrtz g:-:::ns :: 
'lHirt ~l.ltte;"ieJ J,nll Irrc~uIJr. Jnd ·.,.\rhlte m~(J 15 hr.er gr,:}::-.e': .:~ 
more Irrcc:cliJr. \:Of t~e e:1sr ~n<.i of the RJn River \lvur.rJ!;' 
qll.lrtz JnJ rclJspJr ;;r:1111s IJr~er rh;)n 05 i1~m ~ommoni\' r-.:!vc :: 
,hape, oi relict s:lTld ~r3In5, some even prcser,lDg .JI.lger.etl: o'.t 

g[(l\\ rhs. QlI:Hrz gr31m Jiso show 3'1 !llerCJSlDg Jmount 'J~ ;:>05 
..:ry~r~lj;7.HI()n 5t;,"Jln ruv',.'Jrd the eJ~~l'rn PJr~ of the JreJ.. 

in rhe sC~lsr Imr:l~t.ii:1tek above rhe E,b;) Quara:re.:o:oc:re 
~()J,ser 0.2 to 1),,- mm) III the ,\csrer:1 ;);)rt of the JreJ char. In :: 
C15r~m rJn where Ir IS 0,01 to i).1)5 m~~. am: [he degree or g~Jr. 
iJ[lO[1 JlInllg rc.:rysrJlliztltJnn II1CrCJSes towJru the east. SC:lIS; , 
~hl L'rf'cr \:arrrJ\\ S III the CJsrcr:l P,lIt of the RJit Rlva .\lol1nr:.:: 

11;1, .1"l'l11biJl:cS sUlh :15 ehiOrlt~· .... " hire 'nicJ-Jlblte-qu:r:z :l~ 
Jihl~c-\..1t:.1rrZ-rqClritc-crid(Hl, \\ t-lIl...n contrJsr \vitn :nc \Aes~em ~ 
sl':nhiJgl'~ .TJb1c j!, 'v\:~ ,~" I I ,'- .~* .. ~ 

~.1)\o\cL...J.II",hrb!'llolis sh ,·!;: ;dso Y3r1es iJrer311 .. in -:;et3r:lO 
~ gr3dc. hel1~ hi h 's( III ,7r:1Je I n the we"ern R;)ft RI\~ r \. (W 

~.lh()ur 12 km llorthcJst of the Ig esr grJJe part or rhe :l 

ruenrhon (Fig, 5). Especl;}ii\' recog;'lz3ble are VJfl;],[}Om '.v:~~'\1;: ~: 
P"~')[lIP Group, whkn is co:Jrsciy porphnobiJstlC m3rbl~ where 

\:;' .:.' ',. 
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Figure 5. Locacions of highesr grade P:lrts of aurochthon horizor. 
lines) Jnd of lower Jllochrnonous sheet :vertlcal lines!. Docs sho"," wn, 
OqlJlrrh Formation of Inlddle sheet is mecamorphosed. TefCIa~' pl:Jt~ 
show In bb,k. Outcrop is same as ch~t of Figure 2. 
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(ontalf1~ hlgh-PJdc minerals (Tallie 1) but i..hallge~ to the ~outh­
west lnd to :he cut. \X'hlte mica is the only new metJrnorphlc min­
erai 10 m;Hr-lc ot IntcrmeJI.He graJe. lnd the luwcst ~rJdc rOLks. 
nC;H the cast end of the RJtt Klver .\\tll1l1tJIIIS. (1,IlUIlI .Ihulld.lllt 
reks Dt 5eUlmentJrv grain,. 1!"lucill1g ,hreddcd whltl IT1lcJ .. \n 
irnrIJrt3n! cxccptlun 1\ ., hll.:h-l:rJ(k (luther Jt B,lIJ i(1l(>il Fig. 5:. 
\·.H~.w(Jn, In "ther CJl11brIJI1I.; Jr,J UrJuv"IJIl Ulllt\ .HC cllr~SI'>­
t~nt; tne <;,~i<,t (Jt' .\!.,h',g.ln\ P~Jk, lu"e<; It; iJfl.!L ,t.llifollte Jnd 
sJrnet f,r:iln" tu the sourh~ ::.1~~. JnJ \\t)t. JnJ ·y\.n~~e lnll...1 ~rJln:, In 
the Eureka:;\ Quartzite Jnd Fish Haven(?) DolomJ(c beullne small­
er In t~e same directions, Jg:J1n e)(cept for the outlier at B.lid Knoll. 

Tne .\LS5ISSlppIJn ru-:b llt the ;:ll,!J:e ,hee: .Ht: ml'[~1I111)[phu>cJ 

nerY'.'.here, bur the Uqulrrh FurmJtlon IS mt:rJl11urphu,ed ulll!' 
locallv ;Flg. 5',. GrJJatlum wtthlll [he Uqulrrh trom rnetarnur­
phased to unmetamorphoseJ rOLKS He well e)(pu)eJ In the ,c:ntrtll 
Jnd southern Grouse CrecK .\\uunr:1I115. 

in \':c:w or' the <;vsremJt1c \'3t1atlons ur' ;11et3tnorphl( gr3Je In tht: 
autolnthon .1nd the aliochthol1l1u, sheets, Jnd (on'IJt:r:ng !ne 
thinness of the !owe~ sheet, the dl,tnbutlon of hlgh-grJdc rocks 
sh(mn In Flgure.5 I, pro\o(Jr:vc. Tne hlgh-grJde [(kb of the lower 
,heel at Bald Knoll are }O "in eJ~r of the hlgh-grJde p.lrt ui the JU­
rochthon and lie on ~ome ui the lowest grad.: rocks of the au­
tochthon. Like\\ ISf., __ tb~_~nct3I11l)rphosed Oqui rrh of the midJI.: 
sheet lies on low-grade ro(ks of tb.-~_19wersh.ei:Jlong-dl-en()nh ~Ide 
dtlle R3fi ~t\lver \loltnt3Ins- and in the (entral Grouse Creek 
\!oun"t3ins.' Lnmeramurpr.u)eJ Oyuirr:;'"roLks ;I-e J~rcL:j; ij~ rne 
most metamorphosed part of the lower ,heet, JnJ. near Vipunt 
\\ountatn. they he only 100 m, vertlcaliy, from the highest grade 
rocks of the Jutolhthon. Thc.lf--a:iJtI2'!s inJI(Jte :n;)\<H low-Jogle 
r ultlng after meramor,.,hlsm or late in r:le6i'nur-hisrn. With J :ar e 
result3~t !ransport trom west to eJsr. e 1,0 3ted O«Urrenl~ of 
higher grade rods tn the lOWer sheet at Bald Knoll also IndiLates 
separate movement or J subsidiary P3rt of the !Ov.ef ,hec:!. SepJr3tc 
movements of SUbslol3rv sheers J.re dlso suggested oy metamorphic 
re:atlons around TerclJrv St l ,()..:, III rhe Gr(\l1se LrCL·k .\\()l!l1r:lIns. 
as wdl De Jls-:usscc ... ·hen tr,c d.wn!,; ur' the st,,,_ks I, dc'>,: Ih:J. 

DAT1:--.;G OF PRECA.'v\BRIA~ AfJA.'v1ELLlTE 

PrecJmbn:l!1 adamellite was sampled for dating ne:H rhe t3St end 
of ,he Raft River :V1ount3lns Jnd tn (hI: centrJ: Grouse Creek 
:V1nuntarns, in the lowest and highest gr3Je ["3rtS. respedlve!y. of 
the autochthon. Expo!>lIrcs elsew here snow that 511111i.lf JJJI11e1iite 
e)(tends under ali or most of tne n;apoed areJ. Jnd studies bv 
Armsrrong (1968a) of:he Albton Rang~ ~how that SImIlar rock ex'­
rends at least 38 km northward from tne western parr ()f our Jrea, 

Clear Creek Canyon 

.-\~J.rnejl:te IS y\,cl1 ~xposec +"rom lrs ;'.:ontJer \vtrn olJer ro,.:ks. _ 
Km from [he mourh of C:ear CreeK Car.vonF:g. 2:. to tne (In\un 
heac. 6 km [0 the southwest Compton. 19-5 F:vc 5ampll:, tor 
catlng were collectec Jt Var10US ?ia~es alung. the c::r.vuo, stJr:l!1g. : 
km west or' the contact wl[h the oilie S-:~IS[ ,wei ~xtcnJ!I1g. .. "m 
southwest. Throughout the cast h;:;i: or tne Rait River .\\ountatns 
the rock IS tYPlc31lv homogeneous and neHh granui:lr, with a we;:;k 
metamorphic toti3tion 3nd line3t10n. Feldspar phenocrvsts, 3S long 
as 3 em, are tvplc3il), sparse but locally 3bunuJnt: otherwIse the 
grain size IS tYPlcallv 1.5 mm, Cont3ltS with the older ro.:ks are 
sharp in most places, although metJsn31es are ieldspathized lo(tlih' 
for as much tlS 10 m from the tldamellite. In s<:veral places the 
adamellite grades out'lNard to a porphyroaphanttil border zone 
tlgalnst older mane igneous rocks. The irregular b()und~ry IS Jpp3r­
endv 3 (hilled m:1r~in, suggesting J shtlllow emrblelllerH of the 
adamellite in thiS PJ rt or the 3 rea. 

The adamellite IS domll13ntlv hvpidiomorphrc gr3nular, with 
plag.ioclase distinctly subheor31 Jlthough Jltered to .,Ibm, white 

mILJ, and Fe-pot>r epldlltc .\1cLl:llorphl\ll1 Jefnrrnnl .11,,1 rc,;'" 
tJl1t7eJ qll.lrtz. rccrv\[,IIj"Cd hlotlte l!lto ".llv .1I?J;rq'::Hl·'. rC'" -; ',. 
tJlli7cJ I.,ll'~1r r.,rhC11l' ~r.ll!h l1H~) ,l~~rt·~.lrc..\. ,1 1 \I..! f()rI1H:t..ll; .. q~i(l!t 
the toll.ltc,1 p,}n .. "t lilt' r()lk. "1:1,11, .111111\ll1t .. ·>1 f'<"rlllt't.lll1IJ'''tli 
JlterJtlul1 ,1[r .. h"" 11 ("cnwhcrl in !111!lUll ,r.lck .. tilled ""h .,'. 
line ~rJll1cJ Fe-';~ICL\lte'; 

The .In.lI\'[ldi ,i.H.1 ,lrr plt>ltcJ ,,\1 .1 Rb-~r ,11.lp.1111 111 t-:t:cI'L ' 
l"ht: ~Jlnr1c::, J(rinc \.Jnlv .1 ~'(H)r LJ'lC:lI .HiJ\' •. 1ih..1 .1 kJ~t·~i..;\~,lr~·, ~, 
~;--~~:-'l\)n ;1::( \It'k:r.. .Hl .lee 1_1t 2.1Sj) :: \,"111 rn \. rhc hlt:.~l·~)('''''' 

In(cr ... l'pr .O.-~4 li1;1\ rer1clt either J 1.ltcr l..:ll.,,[,lr\)Jl)lC (11 ~ht ~') .. 
,hcn1l,rrv ()r J ,rtht.1i "lIHrtbutll>[J to the 1111t1.11 <;[rtlllft\lll1 '11 enl 
rl1J).!,111.1, \Xe I,..lnnut l!l:-.rlr1L:lIi~h Ulllljllt!\ i'L'r\\(t:'n thc .... c "\\(1 :" '>­

slbilltlC:s. but the gener~il~ olJer ,Ig':, III '::'.5 ~.\'. I,r i.:fl Iler !,,' 

ba~ernent rock :hr~u~huut :he \\ '()~l1lnl.: pro\,lnc~ Lond". i q""1 

Re~d Jnd ZJrtn13n. \ 9"7'l .lnJ the Sllt'<;UI1t1:ti ,:egrce 1)1 .litu~[:'., 
,ho\~11 bv these rocks ,,1llSO us tl' Sll'Pt'll p~)~t,r"t.liiI7.lf\(':· 
upen-systern lOl1uiuUI)'. Furthermure, [he ,lcLll1lelllte h~IS ,Ip["e,: 
ably hl~her Rb,Sr ratios th:JO otner .lll;li\'/eJ P-e(JrnDrtJfl r(l,~' I' 

the VIClnlry - a 'Jctor otten founo to (Of rei. He With .lge :n(JJ,ri,_,l 
[lun Jl!rll\'~ >Ul'Scljuell[ lller~1I1H'q'hlsll1 .III,! \\·l'.1thc·I:\~. 

Fisslon-trJLk ages on the I'rc,arnbr:.lll .lcl.lI11c!:lte .lllJ ."'''Lure 
rocks of the Ratt -River ~Iuunt.llm 1\1c1k,ltl' IllCt.lI1l()rrhl'lll or ; ,_, 
tiar\' age foIIO\,'eJ loy e)«Cpnun;111, r;lrl,! ((lull"I!' Sphene .1nll 1;'.1-

!lte from adalnt:lltte sJmpie LL-l ,TJHe 2" f..1'.e Jrlne;l!tng .h':·_·'., 

20 = 10 m.y. for sphene Jnc1 ::'(1 = 4 Ill.\'. t'"r :lp:t::rt::; [hc ::: \'":~,,., 
Jrt:: 2tr JIlJ ,\" = f..35 x ilr ,. yr-' , .. \ ,('LUllu ,.llllC'!.: :s frlJ[lJ .~,' 

olJ,r SLhlSt IOll:1l Jbove .111 llltrt:SIV'C LUIlLht \\:h rr~c,l:!l['rI.:· 
aJJme!lite at !at 41'55'-+1';":-1, iong \13' 1'1'5':1' ,>y... whlLh 15 2." ~". 
southeJst of !o(.llltv CC-I. ThiS 'phcnc pvc ,Ill .I).:l' lit I I) .::. :: : ~ 
m.y., ;1nd the Jr;Jrlte I::' . .! = 2, .. 111.\' .. \ s.lInpk ()f r"blll11p 111M:'., 

rnetJrnorpho~eJ to Sc11i',; L()Il~lStlllg IllJlnly ot rplJlltt. ljU.lrtl. 
p()ta)~lum feidspar. bl()tlte, <.:3klrc JIlJ '.uiurless miL.] WJS _111-
leutu 31) 111 aho\e the bJse CIt the I"w([ .lll"cht:'olllius ,heer, Jt -rc 
northwest edge of the Bbck Ht1I .. ;i~H 41'5 1l'13·S. iOr.2 

1 l-'~3J'3l"\'(. .'-The Jr~1(l\l' n;15 .1 \L';\ 1(~\\' ur,1nt:"1In (Ontcllf I', ~ 
?rn-: bur gJ\'t In .1g.e .}r" -fn = 2h l'>~ \", t"llr (lnl' ,-il·~C:-I~lln.lr:t": .1l1l: ,....~' 

:= 32 111,y. iur Jl1otnl'r . 

. \l1lle:ding I)f ~SSllln [,.ILks :n ,[,hellc '.lkc·s :';.I'C :H :cmpl'r.lIl1fc·' 
ut 3.bout 40() :C 'LJik ::nJ ~Jt:ser, 1 '-4-.1 , i: the :C~1~r'~r~Hlirt:5 J~~ 
sustained for geologlcailY slgnlticant penods - greate~ :han \W 'r. 
Ap:ltIte is annea;ed ot ~sslon rracks If temper3tures Jbuve \ 1.1(j =c, 
are sustaIned for 10" vr or more \~Jeser Jnd Faui. j9"Q,. T~c 

hS~lul1-tr3(k :lg'=s uf tnc "phC!H:S rhll~ :"'Il1gg.l'Sf ~i1~~ tht: :OLk.\ \11 .11:1..; 

JfOunJ (ie3r Creek L.l1lV(111 were ;It 'l1ct:tI11UrphIC temrcr:Hurcs .1' 

re<.:entiy 3S .\\IO(elle time. The (Juan::::c:s III that ran ut the -2:1<::: 
h3ve strongly preferred ~r\'stJII()~rJrhl<': f.lhrt(s :h;1( .lre (U;JX:,;I 
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Figur~ 6. Plot of Rb-Sr isotopIC data from adam~l!ite of Cie:lr Cr~tk 
Canyon, Raft RI"~r \iounI3lnS. Data are list~d In T J.bl~ ::. 
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\\ Itil I.lrt:L' rl'clllllhLlIt I'.!lb "I' thl' ~CL{lIlJ metamorphic SU, ;lilJ ihc,· 
.JI,() ,hl)\\ .1bul1J.llH kJrurc.:s produLcd by postLrvstJillZJtlon 
,[r:lll1. EVidently. [tlc.: L':1,r.we.:'t-[rendll1~ tolds ""ere stdl formll1!,! In 

11\'cc'l1<: tll11e, .1l1d the .:Iosl· SIIl1i1JrlfV of the "phene JnJ J[)Jnte 
.• ,,'" Il)r l'Jlh rock ,U~hlqS th.!t the r<lLks the.:n ,()oil:d rJpldh. 

r:" "iell r .1,:,', I"r the.: ,IP:1tltL" tWill thl' Blad: Hili, LJI1I1"t hL, 
"l{crprL·!c·,.1 rJrllllv hel,lll;'L' thL'Y .lrl· vcrI' .1pproXII11Jt<: .1I1J hl'CJu'>e 
I!IC ,.lrnrlc 'S Irom In .11!uLhthunous ,heer th1t rrohJclv m'weJ 
'~.1:~\ ~Ii',)(l)l>rrt':-, JrtVf :1ll'Lll~1()rf):11~:"':1. The j.1tJ sh"u\\', :10i~c.:riil·k~~, 
"UI ,<"ilL' i'.ins "I' thL tnr;llll '(t)ukJ '" ... I! bdurc ,lthers. This I., 

',d':'"I'!c,; i" .i.lf.1 "r :\r"1'[r.)lIg .IIIJ HJl1sen I ;.in6, p. 123'·, \\ho 
r ... ~",I)rt;.:d f(··\r ,H':~~I,t·~'!U(I{' ... '~ t"rUil1 (\\'(1 ,1u~()\' .. hthunous f\h.k . ..,ufrhL' 
, .... ;!t iZlvcr \11l\;11(.11115. ,\ ,.1I11pk uf l'rl'lJl1lbrr.11l JJ.lrn~lltt( rrolll 
I, :c·.:r Lre<:k \...lfI\'Oll, Jbuur 2.5 kl11 suurhwesr or our CC·l. gJve an 
.'~c· (It 5- - S -3111.\., JIlJ.1 '.lmple ur uiLie, "his[ i.posslhly ,chls­
t."c ,lcLllll,lillc; frolll Big Hollow, 5 kill c;1,r uf rhe BlJd: Hills. 1:'.lve 
J'; ,;"c01 j;-, .;.. ~,- ~ 111.\. tor ·.)Il~ blum, spilt JnJ In Jge ut ~: ..­
':J - 2- m.v. tor a second SpilL 

L"'!lrral Grouse Creek .\\ounulns 

Ti'e COIHJd b~[wc:::!l the I'recJmbnJn JdJr.lclllte and younger 
,ld.l-r:.I[c', .1i1G )chl,l~ IS J mcrJ!11orphu'>cJ ufleunturml[v thruugh­
,\Ii [I'" leltl RIY'.'r .JilLl rhe 11"rthLf:1 CWU'l' Creek \l')lIntJIIlS, hut 

till cc'n:r,l: Cwu,e l.re.:k .\!llul1uiI1S. JJ.lmellite Jppt::HS to in­
"'Ilk ,;, .. :ni![l .111J "hl;,1. 111 \ll1LL!v (.,ll1von, rhtn sills ur ,lJ.1mc:l­
lIe ~!1C"'" ,1!14..: )l.h:~t \J!. .. I.U; hl':-'.\ l'1'!1 ~l'ds dt E!h;1 QUJrtzirl. Jnd 
x,;,''.'.! ,;U,ll'tllic t"-Ill, "'I!Ulrll.llli Illlill,IUIl;; 111 ,he upper IOD I1l 

:[ .:I-LlIlll'!l![c. ~1'hL' lI~pl'r I.. l)llt.h. ( of rht: JJ~1Jllt:!hrt' (uts J(ross Urrt"f 

i'r",;:lliln,lil! ~ 1I1111.' "f rhe .1l1tolhthull IIHu the luwer Jlluehtnun· 
,,\,' ,h L·c·( .it ,11m, .111"Jc. hg. ~;. Tht: vuul1gt:st unit Il1truJed by Pre· 
,,:'llhrl.lil ,1,1.1I11elillc~ I, L.lI11brrJl1e) -jU.][[Zlte of liJrks BJSII1. 
",:n Iv ,;r.lllltized, llJlHon,J ,.:hlst In~IUSIOI1S .Ire notablv Jbund.lnt 

, th, Ut 'L"r r:lrt ul the ;IJalllL'lllte, suggt:Stlng thJt the missing sec· 
!UI1 \V •• ' In p;lrr .juvvl1tddL'J JnJ InlorporJted by mobrllzed 

~h.L1:11l·!lj[!..:. 

[:ll I'!h,l QU:1rt71[L' tnillS fr"lll 215 111 .lbout 2.5 km norch of 
\l,dJ·, ( . .111\Un to 0 !lI in rrlL' nonil wtlll of the c:ltl~on 'Fig. ~\. 

.:,Iii, ,[r:k:ng Jre [he t"J:nnmg by nlctJmorphlc now Jmi low-

,lllgle f;ll1ltll1g of ,III inct:1scdil1H:IHJry web uf the Jut(JLhthon JnJ 
of the lower JlloLhthol1()lIs sheet above the JreJ ut mobdiud 
3d.lmellitt:. 

The adJl11elllte uf the (entr:d Grouse Creek \lountJlns shows J 

,\'5rCI11;]tl( ,n:1I1I,:': In tcxturc' up,\.Hd, frolll (0.H5e· JnJ l11eJlum· 
gr11l11,d gnl'I" III the i"'\.L·q L·x;"l\urc;, tll finc·~r.llnl'd g;lL'I~., .Inc! 
"hlst In the urrer rJrt, Jb(lut ':!20 '1'1 above rhe bJse uf the rJnge. 
Texturcs InJlcJte sll11ultJneuus ,id()rmJtion Jnd re"vstJiIIZJtlOll. 
Sll1lri;ulv, I1Ull1hcrs lIt re':!c: 'j.:nUIlI, gr.lIn, C:cUtJSe upWJrc:, Jild 
rht:ngl[1( vv nltc !11Ie,l, ljU.irtz, .ilblrt:, lron-pll"r '~pIJ()[e, .1nJ >rhenc 
lih.:;"~':1SC UP\\ JrJ. J~ the hi~;'t'r t:.:rrq:'\I..·;~Hurc ()llgo .. :1J~~-\jrthu(~J.)e· 
qllJr1z-bl(1[l!l .1,sclTlt-iage :, 'CrI.1ll'l1. unJe. thl: b~jbll C.~ll[trrZI[e I> J 

ZOlle JbC1Llt Ii m [hlLk :11 whl,h I11cJium-grJlneJ JJJmcllire grJdt:s 
upwJrc througn teIJ'>rJthl( ,(h!Sf or JdJr:lellite ~OrT1pOSltlun to 
phengltc·qu;Htl-Jiblre s,hlst .,Flg. -:' .. It IS noteworthy th;1[ these: 
"hbtS l(1IHJlil the S.lme .1Cct:~s,;r\' rnll1t:rJls, pnn(lpaiiv allJnlte JnJ 
JJri.: red·brown l11e:.11111([ Z;;COI1, JS the les, JitcreJ JJJmeilite be­
lllw. LU~Jlly, the :l1crJl11lct Zlrdll1 In tne schists beJrs pJrrral )Jckers 
()f cuiories; bird'ringen( zlrcun. 

.\,Jamellite 111 tne cemrJ; Gmuse CreeK '\!UUntJII1S WJ.S foideJ 
tWice dunn!; l11eumtHph:sm. RecrvstJllizeJ minerai .1ggreg:1tts 
furm (V\o prominent Ilneatlon, ()ne:~reJ rllrJllel to the ('AO toid 
,c:ts. Thc e,lriicf !:ntJtion 'n(>rrheJst to nortn-nurthwest-trenJing) 
c()IlSIStS of cjll.1r(wfcIJspJthl, rod" clungJte blOtltc' aggregates, Jnd 
pJrJllcl cn:!lul.lrions 0.5 to I cm wlJe iVlI1g In the toilJrton piJr,e, in 
Jl'~'i'er IVlIlt.: exposures. \\ JV<:icll<::ns of the crenuiJtluns JnJ 
"I,lths or th'e Illlt:~H milleral Jc;grC~:Ht'S clecr(;,Jst.: up\\Jrd; neH tht.: 
ttT of (he fange the" .Ht typ!(J!ly olll, J tew ,TIlllim<:(res \\Idt.:. ThIS 
Jt:\.n:Jse I, rJrt ur an incrC:JSe in deiurmJ(IOll Jnd recrvs1J.lltzJtlon. 
In dCl'rer !'vine rocKS, rhe second (norrhwe,t to we~t-northwt.:st) 
linc1tlon cl;nSl~tS uf suhhe":r:ll blorite grJins rhJt cross the eJriler 
(OJrser blutlte Jggreg:ltes 3nJ, In thin secrlon, JPpear to have re­
crvstal:izcd from them. [n the reconstltuted upper shell of the 
:1d3mt:llite ,1I1J 111 ~ocks surrounJing the [\.\'0 snlJiI Ternary stocks 
lJll d'e west Side uf ,he rJnge :roughlv the upper 185 m of aCame!­
lite). the SClUnd IlneJtlon conSists of quarrz·felJspar rods, blOtire 
J~g,C:gJtcs, JnJ JI,[lncr c~enu!.Hi()n, .1l1d rhe first lineJrtoll is pres­
ent uni"" :1S fJ,lnr \\:-!r.~I!ng. ;~C~L' reL:tlons 'IIJg6,est :-\\0 rmpOrrall( 

POintS: (1) str:lIl1 Jnd n:,,,·<;tJliiz:;tlun il1creJsed upwJ.rd In rhe 

;1,ill..f 2. Rh·Sr tSOCHRO~ ACES OF WHOLE·ROCKS FRO.\1 rREc.-,\MIlRIA:--; ADA.\1EL!...lTE, :--;ORTHWESTER~ l../AH 
- - - --- ---

~.llni)i\: LJr Long 
",1\ '~ W 

t "'(', ': .ilt)'r II/ 

, , 41'56'50" 1 13'2 1 'O~" 
4 j

e SS'S7" I 13'22' 49" 
.. 1 '56'00" 113'22'43" 
41'5t,31" i 13'22 '02" 

\ .... 41'56'43" 113'21'32" 

I:r'.,· ( I 'r' If( ~, ( r ('~'I,: ,\ ~ (JlIn!..JlItS 

',\ ~ 1 c •• q '2 ~ .. : 13~~4 ':0" 
~ ,~ . , .. I:'; 4 i ::41 "::" ~ : 3'.i4' 20" 
C\\ ." - .: ..... j - 4l';41 '21 " i i3C.4~·20·· -
''.\ . - , , 

4 \ ":41'.3::" 11 3 C 44' 23" 
.- -' ~ i coil' 23" : ! JC41'~2" 

I\\'. -·2:--' 4 1'41)' 1~" i 13°44'34" 
'\\ 21-;.":'" T ..! 1 '4S' 10" 113°41' 1 ':I" 

, U\\ 21· 1 H- 41-45' 11)" 113'41'19" 
: .. '\\ 21· .... ,..l, 41'45'03" I 13'41' 10" 
: ll\\ -21·41) 41'45'03" 113'41' 10" 
''0\\ ·23- ; 41'43'36" 1 13°42'04" 
!0\\ -23-2:\ 41'43'33" 1 13 c J2'23" 
I '.l\\ ·23·2!1 41 °43']3" 113'42'23" 

Rb 5r, 
?pm. ppm) 

297.2 75.5 
2~.H 1 10.7 ., -- ". 
_J' .0 86.9 
271.1 80.3 
293.7 58.5 

~-) .... 1.14.2 

1 .. -: 1 J 8.': 
240.9 15::.-+ 
: 'Jh.2 '18,2 
]f)! .5 , .. " .., 

, ... ~.-
124.'1 141.3 
:84.7 7-.3 
150.2 28.S 
126.-:- 1 O'U 
141.3 121.9 
129.8 109.2 
170.0 138.0 
123.4 136.7 

" Rb/'·Sr 

1 1.35 -.40 
8.87 

10. i 2 
~5.30 

' .6S..! 
:.360 
4.629 
.i.u88 
;9t;~ 

2.552 
6.990 

15.24 
3.3°6 
3.399 
2.488 
3.613 
2.638 

" Sr:"'Sr 

l.l13 
0.9908 
1.055 
1.077 
1.248 

(J.-:-6- Q 

0-99g 
0.8263 
0.8883 
'J. -902 
O.S I i i 
0.8208 
0.8048 
0.B222 
0.8368 
0.8456 
J.8391 
0.8014 

Age­
'~.y.!. 

2,180 ... 190 

\ .llc"I.Hni tr,"l1 lc.:a't·''1u.lre, rq;resslon merhod oi York: 1'l66). SeC grJpnlc represenr~tlon of rhese 03(J In Flgures 6 Jnd 8. Decay Lonsr:lnr: 
\19 = !.3Y)o.. IU-11yr- I

, 

- '.Imple, noi InciuJnl In LJlcu\JtlOn ot 3gC . 

. ---......... ====~ ....... ------------
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CO~IPTON AND OTHE.RS 

,ld,Hl)c1llte when the hr.t fpids Jnd lincHlOns forl11l'li. :lnd .2) rc­
crnlJI!llJtlOI1 I)f IlllncrJls JlIr1n~ the sccund illidlnt: rl'.lcheei .1 
'11.1\1I1lUm In rocb ,]dl;l(ClIt tc> •• 1IlJ lYlrlg Jbuve. the Tenl.Jr1 
q<Kh, 

I:) the ,cnrr:li p:ln III the cr()lI~c Creek .\lllulItJlns. I'rccJl11brlJII 
.lei:.r,'eii:!c IS Intc;!,llncJ \\ I.th lesser amounts "t ",,;HlOJlllr1tC. tp­

'1J;ltl. :In,''; iClIC[lCr:ltIC ~ncl's. SUitt'S dt these i,lur ro,k~ Ilerc (lll­
k,~:cc troln :hree ,He;]S 'tur J.1tlr.l:. Three meJlu:n-~rJil1cJ ~:l<':IS'l" 
:cprCSCClIJll"e ()f deeper C\p[),ur~s 3rc from .\!,ciJle [,1nl:){1 F'L;' 

2" SiX finC-i:!r::llncd samplt:s. typical vi the Up f1U p:Ht of the ~nelss. 
lIerc coik::ed on !ngr..lm PeJk, IIhleh IS -+ km southwcst or ,\IIJJIc 
Cam'on, Four samples 0: metasomatlcaily altercd SlItlSS ,lnJ SdllSI 
are from .\luddv c.lnVOI1, wherc the intrusive-appearing C:)l1tJd or 
f':cc3m::man adJmeiilte With the Elba QuartZite IS \~ell cxpo,e:.i 
Fig, 71. nc samples arc !:stcd below DY iOCllity. 

\lidd!e Canyon. Sample 10\\-23-l IS meOlum-grJlfleJ ronJiltc 
,::nelSS, :OW-23-2J IS medium- ro coarse-"r:lIned ,1Jalllclhte C:!lt:ISS 
~the typical adamc:illtC or the gneiss (ompltx!. anJ lU\X -23:2b IS 
rnedlum-grJined muslovltlzed granoJiome gne:ls~, 
In~ham Pe:lk_ Sam oles 9 \Xi -9 7 - 1 ~3._ b_ :lnd ..: \~ t:re ((llb_ rd r'rom 

J :vplcai outcrop of I~rerb\iercd aJameliite ::lf1d mJhc gne:lss irum 
the hl~hes[ peak of the ~entral Grouse Creek .\loul1lJlns, Sample 
'1\\ -'17-1 ~c IS from J t:-lIn gneissic granitic pcg,m:ltltc IJ\l'f In tine-to 
me.jlum-gralf1ed JOJ.;nellirc gneIss, the rock of sampk '1\Y,"-':i7-1~b, 
Sam;'lie ':i\\-97-1'1A IS fine- to medium-grained gr:l!lOJlvme: gnus;, 
:~Clm an JCl0lnllll; mati..: laver and was ..:olit:d~d 10 ,m (film 
'?\\-~7-l ;1b, Sampie ~\X -':17 ~21 is JJamellHe gneiss from a site 
about 61n m north of '1\\-97-1'1, 9\\-97-26 I, musLovIlIZCd 
Jlbmeliitc gneiss .:oilcuc:d '12 in nurth uf '1W-~7-1~. JnJ ':i\'\,_~7-
28 IS Icucuadcmeilitc gne:lss from J site JDout 2.2UU III sou,h of 
9\\ -97 -1'1, AI] three samples are tine to medl um grained, 

.\luddv Canyon_ Samples lOW-21-1a Jnd ;b are phengHc-
quartz schists collected aUI::J-:ent to an inclusion of Elba QU:HtZlte 
1.8 m beloll the (Ont3C between mobilized Precambtlan .ldamei-

~b~"Sr9b 
. 1; 

3.B6 
j,399 -6P 

Figure /, Diagrammatic section through upper part of Precambrian 
adamellite and Elba Quartzite in ,\1uddy Canvon. showing gradation from 
gneiss (Q schist, inrerposilton of schis(Qse adamellite m qu.lrtzile, and 
isocope ratios delermined from samples from posicions mdioced_ 

lite .1Ild E!b,l QU;1rtzltC, The Inllll',I()l1l(1I1'IQ, ,,r ',\·,r.li ,hill i,( :'. 

In ,111 :1) ':111 -hl,k, th;1t Ilc pJr.lik! (II th, ).>1'.111<1111>1 ,he ,,'I',' 

~Jlllrje 10\\ -21-1h \\';15 0.6 m ,lh()\'c ~hc ,It:,lr'";'ltr( 111 .... 
1 ,1\1(11), :11" 

s.lIllpk IO\\-21-lJ LJv ,lbollt 'I,,' 111 bel"" .t '>,IIl'!'i," ,'1'.\,.21·--. 
,1lh.1 4h ·.\<crl' (ollcLtcJ .lbnu: 7.5 '11 bl'!,,\\, rht. \.\li'l,l\.f :'t r,,\ 1..'1. 

r.ib,\ ~U.l~7:t(' .11~J f'rcI.1:nb;-1.1n J\'l.lflll'~!:r:. '\,\!llr"'ll' !i~\\.:'" '-~\" " 

hnl- to :nl'J!Ur71-~Ll1nCll InU~\",}VIt:7l'd ,h i ,U1'l ::Ift ~'h .... ". ,~Ild '.,1'''­

pic lO\\ -21·4J t~ .1 3l)-\.::11 ..... dlllllrd.lflf hfh 1\\ nl'\:)~IIl\~....:r,l:' 
ic\1~().1ci.;rnel!;te jikc:1l 10\\'-21-4[,. Thl' 'l c: \ ,.' ,.1l'll'i, .. , ", ~r'· 
scn:atI\e ot the l)(Jrdcr zone or thll'rc .. lt11['fl.111 .,J.llnlll,!,' 1'1 \\ 11, 

'l1USLOV'ltizcc: ,1c!Jmellitc: g~eis~ :::r~dcs \lr" ,Ire: thrnllC;11 kci'I'.Hi· 
schist to phcr:",ltc-quarfZ s(hlst rl", -:" 

Altt;nugh we "rq,::n:lily :ntcrprt:tcl! :hc .hl.lfl1l'ii::
" 

"1 ,he ,_,,,,.:. 
Crouse Creek .\lount:l1ns :0 be: Ph:1l1u()7IJ',., ::1L' i'!'-"r lil .. ~r,l'-­
'rll:, 8· rcYcJis an uld rrcL'~mbnan ~L:C, :\ '.' h'l'l'-r<',~ :""hn." ,'.:' 
ot 2.510 ::: 170 m,I', II'JS obt~lncd 'from our ,i.H;1, C'",illdll'L: (I'" 
two s.:hlstose rocks (10\\'-21-1:1 .ll1d It" ,lo,o,",I.1t(J ,-"eh ": 
metJliuJrtz:te 111 '\ludJ~f C..1ny()n .1nd rhl' r-'l;:"rl.1tlfC '-1\\ .1..)-.! l.~ 
from Ingham Pt.'Jk, 'The ten rC'1l.1111111f,: ,.1;!1riO q)()\l ,11'1'r, I', -
rn~1tt:~!" the SJfT1e Ll!:'gree vi S(~H~t::" ~lS rn()~t' I"r-orr ~hc: l..,!t:,H I :-c_ .... 
C.lnyun IO ... :ltit~' JCSP!tl' rhcir hl'll1g rnc'rc l11l'~,!t11(\rt..,h\I'ld. JIll: .. ":..: 
the somtwhJt"oider :1gc JnJ lowcr"Sr"'Sr :CltU(~'I't 't'l"11 [() '\I~~'< 
a more restricted IsotoC'e reciistrloutlon In thcsl ru'cks In ["Htlelli.le, 
tht: c!osel" JJlolnlng aJ.lmeilite gr.CIS' '4\\ -,,--, -'I, .1(''': 

grJl1oJlorlte gneiss :'7\\'-'1:-1 '1J.: gJ\'e no l"'ILk:1,,, ut 'tr()I1~II":l 
lsoruDe nomugtn:z.Jrion Det"\".;c:en rr,t ~\"O \.1\ ',,"r). Thl I.!:-;;n~rll ~I~"':­
lnJ[lt'e IJv-er l-'7\\-~--l Y(J. \\ hlch Intrudes :he ,'d,lf11~':!ltt: l!"l'h', 
however. either h~s lIndngone eX,h;1rl~L' (lr ['o-;,;I,i, I, ,',Il:ht: 
VOUIll!l:r. 

, Th~ OIlIV s:l!npks th,1[ h.lYC IlhvillUo,iv 1II1cil'r~[)I1C 11l.1!/lr chl!llll .. 
rc:c:onstlrutlon Jre the phcngltc-quJrtz s,hl~ts .10\\-21-! ~l .,,,d i' 
w:thlr: the immediate border zone :'c'""ccn the [,:1scmenr rOLk, ,We: 

the OVeriV-llll; Elba QUJrrzite, The Sd1:sro,e ro(ks h.ll'e '111111." 

stronm.im' is;tope compositions hut .1rrrCCl.1hlv n:cncr R:,·\r r,lIll" 
JnJ, (onseyue~r:~', \()U:l1:'::-.:r ,It:~" .. s rn~lr~ rhe ";~h. !ss" \\ -:: ... ;() r1lH ~rl("'\\ 
\\nc:hcr rhls l'i:(' ... : .1rlSL'S r'r()!1~ :llC·JI11>lrr-hl .... '-ir~·:-;,.";l"l~i,lf:\'!l 1[; ;il,-

ex:rc;n~iy sneJreJ ro(k or irunl .1 :nl'lh~lnJl...li !nt'ln~ 1,\ !ril riil_ 

\"OLLngtr :-nanrllng ro~ks. The orhc;--, lcs;; ... !~tt'r:llCU ".1iTl~il'~ ll\\\ . 

21-43 Jna 4b, trom \luddl' C:Jnvon shUll little: dl5rllr~,1I1'-c ,)1 thc:­
Rb-Sr svstems even though thc\: h;lYC rec[vst,dilZcd, The rcl.ltl<lI:' 
bc~weef1 the rneomorphlC JmJ chemlc;)i rCS[,CIClses ut :l1c >'.1'"'11<':''' 
ro ... ~ ~JVe nor bt:en JJcqu~~tc!y rtsolvcd ~\" t!~l'-; ~ru ... l\": ~"1l"\' "Cl1~.1"~ 
.1n !nrercsnng and ImportJnt SUD!l'(t tor tunhc won.:, 

~,9OC ~-------.,---_______________ _ 

: 8~C-

:; !2!-

i~ 

.......... : ece­
.;. 

., 
o .... ~-

• 

• 
• 
• 

• 

:'OO~·------------~ ____ ~ ______ ~. _____ ~ ___ -7 ____ ~ 
8 7i:1b/86 'Sr 

-. 
Figure 8_ Ploc of Rb-Sr isocope data from gneissose ro schlscose :ld;lmd­

lice of .;encr:!l Grouse Creek .\1ouncalns_ Daca are lisced In T ~blc 2. Circles 
= ,\1iddle Canyon: squares = Ingham Peak: tr1:lnglcs - .\1uddy C~nvnn 



,'vlETA~10RI'HISM. FOLDING. AND FAL~L TI!'IG IN UTAH 1245 

In order to Jctcrmlnl: whether the individual minerai gr;lIn~ had 
,'q lIlil or;) rcd I\OI(l\,l( Jliv Jmon~ t hemselve:s WI t hi n J hJno 'peCI­
I~\l'n. rhe pl;lf!l(lc!.He. mil_rocllne:. Jnd biotite were JnJlvud t[(lm 

[",I ()f thl: ~.ll1ll'lo :0,1\\'-9 7 -21 Jnd 1\)\\·23-2J). The: resliits. 10-

;·.I'llf .... llh lil"'l ut :!ie \\ h"ic:-rllck JIlJinn. ,He ~IVl'n In TJhlc .I. 
e )" rhl) s(;lle rhe 1111ncrJio hJ\c :Jther relent!: JtLlineJ Inrern,1i 
~'''ln()~ellIZJtll'!' "I thclr srr()[H!UI1l Isorores. On Iv the biotite .... Ittl 
It, .,_.:, nl[.:h R~')r utiC; i-us "oheJ ISUWpllJllv to.J "f!n:ticJTH C'(­

:i..'Jl{ lftl'r J)\);:1(1L:i.::117.lt11):1. ,.1,~:--'Lln1In~ rh:l( the bllJurc ~Jld iI1Lll't:J 

!ul;\ ~'),lrrklr.1tl· In :hc c\\,.h.lnsl'. \\ '.: \"'efe: .1bil.:' :0 \.:JI..:tdJrc hlOiltC 

',\,' ,i:.:·r{H..~ ::;.~:~ I,t : ;.-1,Jn~ -';,1,) m.\': l)n rhct;l.' ~J,r:;;"'k''S tl: n~r:1~­
.. ~l.:~[lt!Ull) Jrc \"\~rrt",.::. ::ll' rl')lI1t5 InulCJtt:' thJ( (h(;nl(~lj ~ntl~:!lrV 

.;~1d" rrc~uI11J~'iv. c!eVJtc,J tcrnrnJrures rer~lstcJ In late \lHlI.:cne 
:::l1l lil rile ,,':nr,ll Cruu!>c Cred; .\k'untJlns. ,1 SlrUJ[1,,1l s:rnd.H to 

rh.~~ indlll':~HL'd b\ the ti~~lun~{rJ(K ages In ~hl' e:1~r~'r;, R..)f~ RJ'~'cr 
.\ I. JlI III Jill;'. 

l) -\;I~ C; O!· n.K.TI:\R Y I~TRL'SIO:"S 

I :ll' GroLl~'_ l_n.,T~ .\LJlI:1tJ!!1S (X?OSC ";;C\'::;-~lj ~'()un~ grJnltl( 

:",\11..:1l'~. :,h\;\\I' Ind!vlJuJliy In F~~ure~ 2 JnJ 5: 1,1, Jt V!ronr \l(lun· 

:JJ!l. \11 :hl' Ih.Hth\\c~r \"·'.Jrncr of tht: fTIJPped JrCJ, ,.2 ~\'() llD~L'!\' 
;"Jcd ,t(J(ks In JnJ neJ, Rec Butte CJnvon Ifl rile (ernra) rJr~ ot 
t~e fJllse. JnJ 3" the IJrge. probJbly multq:de Intrusion ne_1: the 
)lllltn end ,)f the: ungL' :J.t Imrr.'1;:Jnt P3SS. 

\"ipont \\-'UIlLlIIl IntrUSion 

--:-';1'.. iilh:~1tl'G' ~:-.1:1nJ1Ur1tt.: Jr:,j .l1..1.1i11Cl1itc: of \'ipor.r \!UunrJIT1 In­

tftILk-J .lil ut ~h~ ruck UllitS In -he iower 3iiochthonous sheer but ciid 
nut Illtrtlcit: the :lllciJIe ~het:t. The cuuntrv rocks dip 5' to 2Ll C west, 
JnJ the upp..:·· contact of :he intiJSIOn is roughly concurdJnt '''''Itn 
"'c·111. b<':l11g l'!11pi:1lc'J InJIDiy bduw the qU:lrtzlte or (iJrks BaSin 
but hrt:Jking .1(rO>5 ,hiS unit rowJrd the south and connec;ing With 
thick ~III~ 1"11 I11Jrbk uf the Pogonlp Group :Ind the sch~s, or 
\LlhuSJnv Pc.lks Fig. 9). The upper p:lrc or the intrUSion 3nd the 
~))(ILIJtL'J, sdb SO!1icnO\\" ef",~u!fed J::~ ;]s~l1nd~reJ mu(n ,of th~ 
):~.~~;~;-.-:r:l1( "C::'.:::0n, t.:~?c.:":;:Ll\ ~he ~1...:llst ot \1J:lOg30\' PeJKS J:lC 

:hc ur;"\l"~ t',1r: ·,)i ~ht: 1..1u~1rt:'ire oi C:Jrl..:s BJ.sln. Possibly 0c'(JUSe or' 
rnls. the uppl'r r:1rt ut [r,~ Intrusion IS banded bv V3flJbh blOtltlc 
J"';J:lll'di\c~. l:~Jn~ ~eJrlnb gJr.le~ ..... , he::-e:Js the f'!l31n ~oJy or the in· 

:r:"':')ion IS; 'nu!~loge;1t'ous gJ:TJe~·free grJ.floJior!re . 
. ~l!t.' r<.:1.1:IO:15 01 [!it: intrUSion to dctorm3tlon:ll fe:Hures 3re well 

.:\nl:",,·J. ii.l' rir5t ott of ~lletJn1orphl': folds IS develuped loc311\" in 
';~,-' .. \illIHfY rO~K~ <10UV\: rhL' !nr~USiun bur nOvvhere In tne inriUS!On. 

'~i! "f [hc' :~()c" IS illll'Jtccl [,Jr:Jik! to the second Sl:t ot me:Jmurphlc 
:I..):I.;~ .: !l I.: ..l~~H)"'I~:tl'J ilil<.:Jnons :n :h<: ~ountry ro(ks. The ...:ountry 
n,,~' ,Ire o:"T'[II"l:lllv h1b!' .:;r:Jdc Ilt.'Jr the intrusion. the Pllgonip 
'l~.lri'k hC:lnllg S:Hne~ JnJ ;:JVroxel1l'. :lnJ the sc:hist of .\1Jhopny 
i\ .:~~ :l\..ll1g -.OI1\'l'rtc.:J l'U \)ltgI.)L!:1Sl'-qUJrtz-s;iiir.13r.lte~mUSLovlte· 

::It,r:!i,,' gilL;~:' ,n \\ :11(:' sdhm.Jnne JnJ blonre :1re ilneJtec pJf:Jilei to 
:n" ",l)11J :l~c·tJmur~hl( tOld::., The rocks ot the mtJdle :lilocnrho-

nOU5 ,heet IVlTlg 011 thc~c high-grade rocks arc metJmorphosed lit­
ric. If Jt :111. so thiS rarr ot the middle sheet must have bee11 
rmrl.lll'll ,lifer the l11trl:\IOn co()leJ Ji~n()q compinclv. 

Tnt.' hl . .;i1t.'st IVInf! JlLlll\l"ihtc "lis .He (()llvcrte:J In s(vcrJI pla(o 
tu sheet, of ,I.Hk hL1Q(II11V i ()I1UC 111 which rlll1nJcll rell(s "t I 1,;T1Cl'US 
tc;J~:"'Jr ,1rc loIurrouiH.ll,d bv re\"rY\:~11!7rJ, ~\\ldelJ tr.llr.~ (Jr" tine­
grJIllcd <.;11.1nz. blutlte. Jnci teiJvp,]f R ... "lu-.e these rOde .He 
\tr i )[1';!v lI!lt'.JteJ pJr:Jllei to ()vt'rlurncJ t!liJ, of the ;ecI)nJ 
;nt't.H~1{):-~r:t...: "'l'~, !r Jppl'.lrc., d;:1~ thl' .1ill)I.~1th( :H'U~ ..,hl': . .'~ ')hUv..'T1 In 

FiL:drC 2 r\)Jt: ~)\c.:r rhe IfltrlJ"II)f1 \,.jllr1rl~ thl' ~l'l()!lJ ~·Utl..!:nL: ~'~:f.,()Je. 
rhl' rl'i'~~!I..)n !:ldkjrC~ ]t)\\ ~c11\~It' t-:1Llitlng Jl~nr~~ :h-" 'sc,,:onJ 

riit':.lnh)r~rLl,," t'li.jlr:~ . 
Tht.' i()~Ji!"c, (it ,he :J11Jil7cJ rocks Jrt: shuwn III Figure 9 . .1nJ 

thelf tc.xr~lr.li .JnJ srrucurJI tellure!> .He JS tuiiows;- SJ~?le -+. 

gra.,ociorite 
\ 5~r'D \ e - ~2GO 

Figure 9. GeoiogK map and \emcal section showmg locations of lam­
ples used in Rb-Sr studies of Vipont .\tourH:un intruSion. Conroursdotted) 
and outline of Sec- S, T. 15 ,,_. R_ 17 W .• are from (he Co (ton Tnomas 
Basin 15' quadrangle. Arrows snow plunges of folds and lineations. C:b = 
quaruite oi Clarks Basin :,Cambnani) ,heavy stipple;; Cmp, = schist of 
Y\anogany Peaks (C:lmbrian?)blacKI; Op = marble of Pogonip Group 
(Ordovician) ,unpat!emed), 0<: = Eureka,?: Quarrzite :Ordovician\ flight 
stipple); Ofh = Fish Ha\en\:: Dolomite 'Ordovician! .. unpanemed;; and 
Ta = Tern:lTV adameili(e and granodiorite cross-tr3ch:ed:. Cross ;enion, 
which is eniarged trom map, has nonzontal :lnd verne:ll scales equaL 

Rb-Sr BIOTITE- WHOLE-ROCK AGeS FRO.\j PRECA.\1BRl.';':-..1 ADAMEL:"'ITL :-..10R'HWESTER~ l"i.';'H 

).imr l ': 

;10, 

i 0\\-23-lA 

,:-..1, 

~! '41 '32" 

Long 
\1:', 

113°42'23" 

\11neraJ 

Plog!Ocbse 
K-icldsp:lr 
Whole rock 
Blo(l!c 

Pbgloclase 
K-idJsPJr 
Whole rock 
Biotite 

Rt:-
ppm~ 

:84 
3t'>1 
166.2 

i .0<;6 

100 
294 
170.0 
917.0 

~~JJ.:uiJ.trJ J, b,utlte-whuic-rock pairs. Dec:1Y conS[3nt: AB = 1.39 x 10-" n-' 

'-'-"s 

Sr" "Rb "'Sr ~7 Sr '0 Sr .~,g~ 

ppm; ::-.. y,' ~ 

140 3.9 0.8880 
120 9.0 0.889~ 

98.2 4.:;Ie 0.8883 
3.0 1,056 1.063 

11.9 0.2 

l03 1.5 0.8348 
160 5.5 0.,,426 
138.0 J.61 0.8391 

11.6 lJ2.7 O.H61 
8.0 0_5 
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li'le:lted adamellite from J 2.5-m sdl !n qUJrtzlle of Cl.uks BaSin; 
,ample 5. ilneated leame!IIte from J thl(k sill ne:H or at tht Dase or' 
:'-Ie ':11Jrbie of the Pogonlp Group; sample 6, t\ plcd lirK:ateJ 
&r3n()~:Or1te from the !ov .. er m0re homogeneolls pJrt or the mtru­
Slon: ;,ample -:', mu",;o\,l:e-t-eJnng icu(oadJme!iite, part uf J 1-
~;,.<h!~;..: ve:-:h:al Ji~e in "he ~Ol.K ur s..lr1!ple 6, m(lJ!..:iJ~el~ ;ineJtcJ 
pJr.:ilei :0 rne raids ()f ri1e se:onJ rr.c~Jrr:orpnl( se~~ SJr7\plt: g. ~u~­
(()vlti( !c'-lcoaJamelll!e from :lnuther parr of the ,JrllC dlkc ,1S ,JI11-

pic -; samoie :JW-9-2, gr:l;]ociic;r:rc :;luch ilke ,:imrlc 6 :,u: ;1'0re 
deformec; 'and sample '9~ 'T1arc-ie Uf the Pogonlp GruLlP, 30 m ,OLltr: 
of the lo(aiitv of sample 5. 

,,l,,n arrernpt ro dehne In age for the grJnttl( bodv from \';pe,nt 
\lounttlln has not Dee;, successful. \losr of the In;::iq:(tli ci.H3 
glVef.\ In T:lole 4 tlnC shov.n 1,1 Fi~ure 10 cruuelv mimiC In -50G­
:-:i.V. \s()(nron~ out the ~duton :ntrua~s rocKs voung'~r tn:lrl ~n;:'H. Tnt: 
ieu'cOJJa,71eilite diKe r~(k. \\ hICn, from ItS high Rb Sr :'artG, Jppe:lrS 
to ~i:Jve undergone ..::onslde:'3ble JifierentlJtIon re!~l~ive to the ;n:Uf1 
i£::c'Jus ~JSS. Seemln2.!v :-e~o!"cis J much v('ung~.:r Jl:.!e. FielJ JnJ 
?e~~Dg.:-J'p~i( re!3tJOnS- s~ggesl \~.:r r,!1e - .5bo-~~! I J~~ \vJ.s. ;Jrgc!~ 
·0:--.e;~rec :;v ::te :g.nCQU~ :-O(KS Gur!ng J.SSIfTIllJtlon Dt lO\'\C!'" 

:'J.'~'-::ZOIC .. c,(~s or :~:e \~\"e:- J.lio,.:~~r:onous shec:. if :~(' R.:'! J:1~ S~ 
. ~, " , 

:"u uc:-:vec 'J\,'ere riot ~!g.!l:n"':..1nn\ ::"J(:lOn2.!eG In the :;ro(e::,~. In JD-

Dr()XlrT:~tc luv..,t:; P;:liC(;ZOt( !~u~hr()11 J~t: (UllIJ bc (r:;n~i~;r(,.'J to thl' 
;~a;]lte. T;;c ~angc :r: '-Rb""Sr ~;:J[Jo ~ incorporatn.i woui,j Fnp:lr~ 
J. :'Ighl~· v~lrlJble InlrlJ.J S~rOn[iU!n ;sotopc (:JlliPOSitlOI1 tu tnt: 

:nJl.:m:., :\ssumlng, tor cX:lmplc, a TCftlarv age for the IntruSIOn, 
t::e'i. 7 Sr" ti Sr ralio :\'ouid \'Jrv be~veen 0.710 anJ IJ.:"30, Because or 
thIS unce:C:l1mv in tnJrlal strontium Isotope composilion. we cannot 
prl:clsclv date even tht: two apparl:nriy diifcrcll[latcd Icucoadamel­
lite samples (7 and 8\. If these rocks experienct:u no post(rystaili­
zation disturbance, we can only broadly establish their age as IYtng 
berween 0 and 50 m.v., depending on what initial isotopic (ompo­
sinon we choose to assume, ThiS extreme involvement of the 
allochthonous and perhaps rne autochthonous rocks In the genera­
tior. of the magma Without sub,u.;ucnt thorough hOllwgcIllzatlO1l 
tmd differentiation does nut eXIst tn the other Ternary Intrusions to 
be dIS(USSeJ, ' 

,: '')0' 
,6 

Figure ]0, Plot of Rb-Sr lSO{oPC dat;) from Vipont \1oun:atn IntruSion, 

n()rth~rn Grouse Creck .\\l>unt;lIns, Dara arc li,red In :3r>k 4, 

Stocks of Red Burte Colnvon 

The two smail Tertia[\' stocks on the we<t Side of the cemr::: 
Grouse Creek :VlounrJlns arc (opohs Uf ;111 lJamelltre bod\' that 
Ites dose to the surtace throughout the (emral part of the r:ln~l', 
ludging from the distribution of dikes and metamorphism of the 
surrounding rocks. The upper conca([s of the stocks are broadlv 
concordant with bedding in rhe westwarc-dipptng, metamor­
phosed lower and middle allochthonous sheers and wltn ~Oil,lt!I)" 
In the.: Precambrtan adamellite, Dis(OrdJIH dikes of ;li,l"kltt: and r­
ilte from the: stolks are abunaan: In the Prc-:ambrlJn ;l(jamc: ::e 
and in the lower and middle al1o(hthonous sheets neJr the swc ,. 
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Figure II. rh()!omlcro~r~phs. each of I-em ~rea. showing textural var­
IJIIl;ns III ,lJ.1<lI<:lIit<: of pluton of Rc:d BUlte Canyon, 1op: weakly foliated 
lnJ Iinc3t<:J ,lJarndlilc With subhedral pla~ioclase :P). unstralned quartz 
{~i. ?ot;l'''Ulll-fdJ,par ;l(). and bioli!.: iB), BOHom: stron\4ly line:lted 
gnelS> :OU m h..-iow bas<: 01 midJI" allochthonous sheet. with quartz In fine 
~~~rl;:.ll<:> ,t.,i), .1I1J blo!i!<: r<:du<:cJ In Size and pard: altered to chlorite and 
5phene. 

R.,l[;ltnJ Jl1d [':H'!\, :1lrneJ II1cluslons of wail rocks occur in the 
;,--,:-!1:1r" .hi.l!11l'ilirc !1l'Jr :rs rn:lr~lns. 

Thc !'rl',:lilll,[\:111 ,lcbmei!ire JIlJ ro..:ks of the middle sheet show 
O\IJCi1I.'C' lIt 11urKcJ rhermai metamorpnlsm over a distance of 
:DllU[ J.75 km 'rum [he srocks. RecrvstJllization of mmeral grams 
::; :Dc I'rl'c'.ll1lhrl"ll1 .lJ.1Ille!llte par:lile! to 3xes of the second 
~l(:Jllhlrphl~ toids "J~ most Intense near the Tertiary sro(ks. 
(hert\' ,ioIOl11itt: ()r th l' nllddle sheet was converted to tremolite. 
.111lull1lte. mllscovlte. and Jiopside(?) In a COIlrJct aureole centered 
3pprox'Il1;l[cly over the: sto(ks, intiicJting that post intrusive Jis­
ri:1ccment was not brge on this pJrt of the middle fault. In con­
[rJst. tht: Upptr sheet. locally onlv 20u m Jbove the Tertiary body, 
inO\\'S 110 therm:J1 IllttJm()rphlsm . 
. AII!!ned biotite gr:lIllS Jehne J wt:Jk foiiation that disappears 
", I,lu:tllv toward the Il1fenor of the :1d:1lllellite hodv, :\ faint west­
~;;rtillll'~[ [II l':I\i,wot Illll',Hlun (0 111 posni ()f clll:J;tz :lnd fL·ldspar 
,:::1111' ,!lld hllliitl ,If!~rt'f!:H'' (.111 be sn'n un f"Ii;H1on slIrf:Jcts JnJ 

O.Xl f-

Figure 12. Plols of Rb-Sr isotope data from srocks of Red Butte Canyon 
md from Immi){;rant Pass ,nlnmon. Grouse Creek .\1ounra,os. Dala are 
listed in T.able ~', Open circles = Red Butte Canyon; solId circles = Immi-
grant Pass.' , 

in some thick dikes of aiasl<Jte and aplite. These fabric elements 
par:JlIei the foliation Jne second metamorphic iine:Hlon In the sur­
rounding metamorphic w(ks. Including the PrecambrlJn gneiss, 
The hlome fJhri( Jnd iine;][l()n arc rTI0JC:fJtc to q,ong within 46 ,11 

of the Precambrian gneiss '. Fig, 11'., Over a horlzonr:lI JI,tance of 
460 rr. under the mldl.lle ail0chthonous sheet. Tertlarv adamellite In 
Red Burte Canyon IS strongly gne:ssosc .lnJ m:lrkeJlv iineared by 
microfolds 1we mineral grains, A lOne of mvloninzed adameilite 
about J m thick occurs i~mecilatci\' beneath ihe middle sheer. .'v1i­
erofolds and strong minerai !llleatl~n In r~,(; mylonir..: are parallel co 
wcst-northwest-trending folds In overlvtng tel.tonitic. rhermailv 
rn,,;:tamorDhosed dolomite or the mldJle sheet. Thus. tht InrnJS10n 
and crvs'talllz3t1on of one Ternarv ,1damellite coin-:ided with 
movem~nr on rhe mldck law-dngie bult Jnl: with ~ht: second 
metamorphic folding. but preJ.H~d empIJccm<:J1[ uf the upper 
J lIocnthonous sheet. 

Except far the marginal zone, the adamellite is J medium­
gr:lineJ'. hypidiomarph~c. equlgnnular rock consisting of oligCl­
(lase. Quartz, Jnd potassIum feldspar in JpproxITnJtcly cquJi vol­
ume Jnd roughlv 5°;' biotite. COJr'>c'grained adamelhte with 
sp3rse. euhedral. 2· to 4-cm potJssium felds1'Jr phenocrysts occurs 
locallv in the ItIne( parr of tne hoJv, Acun03nt mJgmaric fe3rures 
include euhedrJI feldspar phCl()C~srs. synneum J~ggregates, Jnd 
delicate euhedral os..:tllarorv zonlllg in plagioclase. The core of the 
body .lppeJrs srrucureless.. suggesting that It solidified Jiter deior­
m:aion had ceased, LeucoadJmellite. alasK;re. and aplite in irregu­
lar bodies and dikes ranging (I":)m sever::d millimetres to 100 m In 
thickness occur in and around the srocks, 

All dJted samDles of the Terr:Jrv bod\' were collecred from :ne 
southernmost p~rt of the southe~ stoc~ about O.S km north ()f 

upper Ingham Creek, Sample 9\\-4--2.-\ lillustr:Hed in Fig. 1 n IS 

homogeneous. weakly foliared blot:re adJmdlite; 9\X'-47-2B is 
hne-gralned muscovltlc adameilite from a JO-":ffi-thlck, sharp­
walled dike in rock of sample 9\\'-47-2A; 9W--P-2C IS a mus(Qvi­
tic aplite dike. 15 cm thick, Intruded Into rock or sample 9W-47-
2B; and 9W-47-2D is aplite from several 6-(m-thick dikes approx­
imately 60 m from the collection sire of samples 9W-47-2B and 2e. 
Sample 9W-47-9 is aplite from a dike 20 em thick. and 9W-47-1 D 
is from the center of a vertl(al aplite dike 1.2 m thick. Other sam­
ples of average adamellite had K1Rbr""Sr and '7Srr~Sr ratios similar 
to rh::n of 9W-47-2A. 

The six samples from the sourhern srock Jefine a whole· rock 
iso(hron :lge of 24,9 ::!:: 0.6 IT1.V .. with an Initial <1S rl"';Sr r:HlO of 
O,7!4 ::!:: 1}.on2 ITJble 4; Fig. 12:. The abilitv to ohtJin So precise In 
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3gr on a body so voung IS artnbut:lblc to the extremelv high RblSr 
rJtlDS present In the dlfferc::rl~tcJ klJ(03J.lrnelllte JnJ .1pltre dike 

ks. Abu. even It" the s:l~ht S":.Htl'r llh"crvcd 111 the 1,,()~hrol1 Ji.I­
.m IS J rcnCCtiun I)f !nltul strolHlUI11 Is()[ope vJru()ilit •. the 

mJgmJ coulJ not hJve tocen JS hl'terogent:ous :IS the ()IH: .1t VlpUr1t 
.\lclunt.Ilrl. The InltiJI "S~~';5r (JtH" however, dues It'lply ';o[1le 
cr"st:ll C0l1trl"'Jtl()11 to the m.l"lT1~l, .1Ithoue,h the r~ltl(' I, (('11<;IJ­
trJ~ly ;()\\c: ~~Jn \\()u!J be J:ql!!rcJ :;ol('C~ ;-r0!11 111l':~:ng ut the 

nCJr~y rrc::1:r.~r!Jn JJJ~ll';;!rC ~J""L!11L'nt rn .... ks. 
The In~Jr;-:Jre JS'-;(l(;J:l(:i: ~c~l'e~ tht: ;nJln JdJrnellltc ~'I)J\' Jild 

:hc V.lfiOUS dikes :h.H :ut It Jnu :l1e Jdj3ccr1t (,)umrV ruck IfTlrLcs a 
genenc .Ind. presum.Iblv, .I temporJI reiJtlOn. 'Thus, w~ teci 
connuent rh.It thiS !Jtc Oil;,,;ucc:1e .lce .lPolles not onl v tu the JI;';t:S 
but also to the cn[lre intr~'lon JnJ tc; 'the supcrJn1poseJ 'c~u;'u 
r:1ec:lmOrpnlc tahnc. \l.c: further concluac trom the I:llk or (Ul1ta(t 
r:1ctJmor,Jnlc erfecrs In the urper Jllolnthonous sheer that It had 
not mlFcd mto ItS present rOSInon Jt tnls time. ;hls Intc:rprc:tJtlon 
is compatible \\ltn held evde;,.:e showing 311ochthonous ,heets re­
sting upon upper \lioce;,e beds 'Fig. 2). 

Fission-track data from the pluron strong!\' support tnt: idea that 
e\'cn though the b()dy '''''as emplJced in i.Itc O!lgocene time, it crys­
tJillzed Jr,d cooled in \llocenc tlmc. One S.II71Pic: !, lJ \\/-29-11) is 
from moderJte!v gnelssose adamellite [rom the nurth,vest edge of 
the ;,orthern stock. Jbout 3 m from the COnt;]ct With Prt:l~lrnbrJJn 
Jdameilite i1at 4 ;c42'49·''.;. long 113c45'45'~w). Zircun from thiS 
rocK g3ve an age ot IS.3 :: 1.9 rn,~., rwd .lpJme g:ne an Jgc of 
13,7::: 3.7 m.v. The second samrie,9W'-99-39; (Jme from a ,Jike 
ot gJrnet:rerous 31asklte, 1 m rhl.:k, In the Precambrl.In adar',cllite 
about 25 m from the cont::lCt of the south..:rn stock In upper Ingham 
Canyon (Iat 41°39'50''.;, iong 113'44'46"\X'). The .1pJ[Jtc from chiS 
rock gave an age of 18.9 ::: h.3 m.v. TI1L'se \.btJ suggest that the: 
pluron continued to be hC:.Itcd tor m.Inv millions of years Jiter It 

stalliud. 

tmmigrant Pass Intrusion 

'The lJrgest Jnd kJst ~nu\\':1 of ~he TL:-~lJ[\' gr3Illtl( ~oJic.) \\":1S 

named eh; Crouse Cre~k piuton by B.lkcr (1959). It consists uf J 
!uge eJsrem lobe Jr1d two smJlkr wcsrt:m lubes 'Fig. 5::. All of 
these Intruaed the middle .lilochthonous sheet, but the upper sheet 
is unmetamorphosed even where It IS m contJ":: wlth tne '"esrer!1 
lobes, so ChlH It must h3ve becn clnolJ..:ed hen: Jiter the .. c·oolcd. 
The pluton curs north- :0 northeJs;-trendtng foids ill th'c mlJeic 
sheet, foids Interpreted to be of the nrst set. -&"e have [lot vet csub­
lished the tIge re!lltIon or the pluton to the ;'oungcr sel ur mltJmor­
phic folds. '\1JPpmg to dJre mOlc3tes rh.It the granitic: rocks arc not 
disnnctiv linea ted. ;he ten thm sections c:xamined, however, show 
conside~able low-temperature strJin, Induding kinking of plJglo­
~!ase and biorite. A :arge 1 bv 2 kmi mass of ElbJ QUJrrzite 1:1 the 
southwest iODelJbeied :1' in Fig. 2) has :1150 be~n strained .It 'tOW 
temperature. 

.".i1 three iobes of tne !~mlgrJnt PJSS intrUSion Clre malni ... bi,',me 
gr:lflodiome verg~ng on JJJ;eIIJtc. Textures .1f!: hVPloiomorphl( 
grJnu!:Jr, with grJlns aver~ging 3 mm in uiamctcr. ;;ithougn IO-':Jllv 
With scattered: to 2-crn crJlns. Carnc[Jierous ieucoJ..:i.:lmeilite of 
about :he same gr~In Size ~orms t~l(k diKes in the west hal: or the 
body and a bro;d zone aiong tne wcst mJrgm or the two \\estet'n 
lobes. Dlonte, svenodiome. and similar rather maric roLks Jre 
abundant in the small southwestern lobe. Aplite Jnd pegmatite 
dikes are Widespread and locally abundant in all the lobes. 

Sam pies for Isoropic datIng were collected from each of the three 
lobes. S3mple 9W-39-1 is from J freshly blasted madcut in 
. Ilogcneous granodiorite typicJI of the central pJrt of the south­

stern lobe; 9W-39-2 is from J nearby garnctlferous 
-lcoadJmeilite dike, 8 to 10 m thick, that intrudes the grJnodio­

rite; 9W-39-3 is from the nner grained parr of an aplitic and peg-

I11JtltlC leu((l.Idamellite forming :t 0.5- to l-m-thILk dike III t"plcal 
grJf10dlUme, 200 m ~lorrhe~lsr of the !ocJlirv of 9\'1;'-39-1. S;1mob 
13\\-167-3 .In..:i 4 Jrc Jlke fOlks from thc l.H~C C lstcm ioke "f tht' 
pluton; 13\\'-167-3 IS from .1 O.7-rn-thlck J~kc of homogeneous 
aplite near the center ot the !\.,be . • 1mi 13\Y'- 16-- 4 1<; from .1 (l,2-rn­
thl(k Jlk~ of porphvm'c Jiasklte .1bollt 400 m .11~t.Hlt from th~ 
other. The rernalfllflg '.Imple. °\'('-4(1-2. is t:urn.1' '.-'-'ll-th",k .lpiJtc 
Jil..-c, II) grJnoJi<',)nrt: t:~r\lJ.; or" :ne n()rth~"'t:~(c:--n luoe. 

Tne SIX 5,1r~lpleS Jc:hnc J (orl'>:,uslte whole-rod, ISll(n rlln .1).:C "r 
3S,.2::: 2.0 m.v. with 3n l;lltl;]i '-Sr~"Sr (Jtll) of U.-;JlJ :: 11 1)02 T1-
L'!c 4; Fig. 12:. ThIs J!,;e. ho.q~'er, IS cul1tro[ieJ rrcJI>l11ln.lnth' bv 
the two sJmpies of d;ke rock from rhe southwest",:l j"he "f rhe rlu­
tun .InC shoulJ De applied stndv onlv to tnis ioc:Jilt\' .. -\!th()lI~h rile 
other sJmple pOintS lie close to the l<;ochron. the' r il)\~' rJeil' ;C:1IC 
cnnchments .Ind the un(c~:;J.lnries observcd c!s,_·v. here III 1I11!1;)! 
'7S r""'Sr rJtlos combine to obs(ure :In ;]c-.:ur.1tc iIHerprctJti()J1. hl[ 
example, [he one JnJlvsls tor .1 simple or tt.t: i;H~t: c1stcrn lube 
plots equJ!ly well 011 the Red Bunc C;1J1VOn ISULlltOn. 

The present stJge or the m.ipping Jiso Joes not .11:(\\\ ;1 ,kterml­
naciun of the rclJt:ye Jgcs Lli- rhe three lot>l·s. I\,ssihiv the I.ltC 

EO~Tne or eJriy Oilgocene Jge Jprlies to ,he snurf.." estern lobe 
onl)'. Armstrong :1970; detcr::lJncd J f..:-:\r biotite .I).:l' ot ':'.1 .. \ 111.\, 
on gr:Jnodlonre frQin the north end of the norrhwl'srcrn luht:, but :t 
is not known whethcr thiS n:~ult rctl..:(ts Prll11;) tv cfVSt.lI!I7..Hi o ll "r 
iJ te r heJ tlng. 

DISCL.:SS10N 

The !1ssion-trJck and Rb-Sr JJtJ from the pluton In Red Burte 
CJllvon sct one rirm dJtc Ir1 the teltO!1IC hlSI()tvi the 'cconJ 
mctJl1lOrphic deiormJtion \\'.1S stili I1nuerw;]v III LHC Oligocenc 
tllne. A .\llOcene date for the e;,d of metamorphwn is suggested bv 
the nssion-track ~:bta from the autochthon in the CJStc:-n Raft River 
.\lounralns Jnd bv the Rb-Sr minerJ! Isochrons for the PrecJrnbnJn 
adamellite of tfle'Grouse Creek '\!ount:lIns. 

The tirst mer~morph!( l.!erormJrlun prnbJt~l~' c'l.jl'd nl'r"urc 3R.2 
-= 2.0 m.\', .. H~O. for :hc intn.!SIOn ;1t Inl!111e.:Jr~r r.lSS ~Llrs r~n\ul!,~ 
I::rge folj~ th;t Me ;:JrobJDiv of rhJ: Jdorm;[JoJ1. \\'e h;1\e 110 o(h-c:; 
dJt-es on chis def~rrna(lor;, Dut Its :nctJrnor:,illc mll1cfnis. fuld 
forms, lnG vertlcJI dJsrributlon of Str:l!OS Me s~ slrnl!Jr co those of 
the second Jeformntlon JS to SU!;gCSt tn.It (he ['.\,o loilcm ed one 
JJ10ther doseh'. 

Looking at the region bro;Hi!v. the firs: deform;H1on W;lS dlrccted 
Jt iJrge angles. even i80c,:0 [he west-[O-eJst :r:lnsport ;nJiGHed ~\' 
overthrusts in the [Jrt \lesozolc J'1J e;lr/" T:rt1;lrv thrust \"..:It Fig. 
1). :\ctivlrv tn the thrusc belt :nusr thus have ended before the ;irsr 
metJmorphic deformation. or else directlons or transport vaneu 
gre::dy In :f1e regIOn. \\e have found no ~()I.:is or other smJlI-sCJie 
rec:onlc fCJtures older rhJn (~ose of (De first me'Jmo~pillc defor­
matIon. For exampie, cou~::ess pebbies ane cobbies In Precam­
bn3n unlts 3re tlo(tened Jnd ~!on2~red Inro sl~TD;e :rlJXI:..1! :~:11C'· 
sOlds rhJt lie p3rJllei to the metJ:no-rrhlc ~o;J :lxe" Jnd these f()r~s 
3rt: p(ht.:r,,\'isc Dni", !O(.1!1V klni..:('J 011 north-rrending ~lXt:S or" the 
postmetJmorphlc 'folds. ' . 

PostmetJmorphlc detorm~lt1on and Ig'1eous ,1ClVlrV we~e wlde­
spreJd_ V3flJb!c. and iOlJ:i ... 0; Llrgc :n:1gnltude. Tccronl( rr:tnSDort 
dunng the period from about ':'0 ro 12 m.y. Jg() WJS eJsr\vJrd, JS 

shown by strongly overturned folds Jnd hv offsets of PJrts of the 
allo..:hrhonous sheetS, some trJvciing JS much as 30 km. These 
evcnts led up to the deposition of the upper :Vliocene beds, which 
record voluminous volcanic Jctivirv Jnd rJPid eroston of the 
311ochthonous sheets. COJrse detn'tus from' ~lnn1etJmorphosed 
Triassic, Permian, 3nd PennsylvJniJn units makes up the lower 
thousand or so metres of the seqllcncc, and clasts of mct3morphic 
rocks appeJf tIt higher levels. This clast stratigraphy is so consistent 
Qver the entire area as to suggest that the sediments accumulated Ifl 

b 
h 
:-

t: 

r 

J 



" ,II 

'k~ 
rhe: 

: 'le 
11l' 

"t 
:-,1-
:'\' 

':li-

'ill' 

,nlC 
::1.11 
~. \ ) r 

t , i ~ l' 

-;11 I-
i ,lte 

,,)De 

ill :t 
'1 " r 

~ u ftr..: 

, ,nJ 
'\.l·!1 t: 

.J ~,V 

\ 1 \'t'r 

)t').2 

"m;h 
liner 

I'Jld 
)''>l' \)1 

.1 (il1C: 

'- .1[11-

., .. \ ! i ;' ~ 

JI fhe 
!'hl';C 

,\ hi' h 
, ,I ri.l: 
'hll~l'J 

Ill""T 
C 

,If 

[ 

I 

METAMORPHISM. FOLDI~G. :\~D FAULTING It' UTAH 124 

:,ro;Jd h;1~111' ,1I1d rh:lt the ,dlo(hrh<ll1!llls ,hcers WLTC !lor hr"kell hy 
hlhh-,1r1~k l,lItits wlrh lar!.!l' V(;rti (;1 I JlspLlLCrnl'I1f', The upper 
'\1'1()'l'n~ hc,ds wcrl' rhL'n fOlded 011 approxll11ately t1()rrh-trcndll1g 
:1:'(0, Jild r,H(S ut thl' I11lddle :1I1d urrer ,lllo(hrhollous ,ilCC~S were 
c:llrl.kni Ol1to thL':l', FIf1:lih. [he rr~,ent rJngcs formed, rrc)r.lhh 
III 1'11( )(el1(: :: :1H:, .\ I1d I.wlt, (, r :l,lSII1-.lnJ- ra rH';~ type dcvel"rt'd 
,1;"11,, rhc' c':!."'::' lr<llH ui rhe Gnlll,e Lrl'ek '\!OUt1{:1ill' :llld iUC,ll:y 
e!,c" hue, 

',x Hn trlJr ;~tll ... +, \.)\!l':"Vil'\\' of ~h<: h!~r\)r\'. '..\ie ,:In ~urn Ul :~t' l.jt:C;:'­
i',lll or "h,:: (Ju,ni it, Pro~':1bi\' the ;n'(),r S,,;:llh(JrH rJd\ ~[)me 
rr()n~ ~h,.· d.H:ril...! .~l1d :-.rrll~i:Ur~11 )ru\..h, ut :nl' PrCLJnl:'r1Jn .1lLlmc:ilfc: 

,i rill' \,':HI,'" ~Jrl':1 W,l~ Ul1dn!.1111 bv J il".1rly tbr-torrl'd bild\' ot' 
gr(Jt >rf(ll!,;th .Ind luw l'()rll~lrV, irul11 .1hllllf 2.5 ~),V, .It;u l)ll\\':lrJ; 
2; the :,ltf:ll11eJr;orllc t.Jbncs In the ~uJy, like [hose in rhe rocks 

JQ"'( It. .If( liUlllllUllriv illlrlzonr.1i ur ne:1rly so; .1nJ (3) the t:1DrlCS 
.. k·lrl'~1:-'l· In I!lrl":~:-:,!ry do\\,tl\\'Jrd - so rJpiJly i!l (r,e ;CJst 

il1L'~jn,orrh!\~l'd l·.l:.,t(rn! ra:"t of the: In:J :lS ru be sC;1~\..·el~ di~\,.tTn· 
Ibk S()U n1 h,'low th l' lOp o( r:1l' ;)cbmcillre, 

Ti1l'~e fJlr; ,lrl' cllrt1~uir to rL'c{)l1cile Ivah hom,oneilliv cflreL'ted 
,'~I1:Dressiull ur ':lfhcr the .llbll1ellitc Of rhe !:l\'ered [(lCks .1bove It. 
\Ihl~h rene!> [(l rule out rnrusr:ng JUring rhe'pe~lOd or mt'r:1mor­
[) n i) In. 1 n l: v t:: :- r l L ~11 J I ~ t rib U [Ion 0 r 5 t r;) i n 31 so ex i..' Iud e 5 

;!1rrJ~rrucrurl'-;Urr:1srrU(tun: moJeis. 5u..:h .15 that proposed by 
;\rnl"r(ll1~ ,ll1J H.1l1sen \ 1960: fur {hiS S:lll1e In:J, 

,!.. n1()J~1 l'roPDS..:J by Kehle i 1 ':!70j, on the other hand, seems 
,ul::li,k to ,:lc' J"rnhlltlOIl or dl'rormaflon, His model has three 
ril(~ i.1Vl'r>: :l rlg:J l':l~(:nt'nt, .1 Ju(r:ic inrermeJiarc Llyer, :lnd :l 
:css Jl!cflie 11[1[1Cf laver, The i:1Ycrs rl'!l1:.lin Immobile :1, long JS they 
3rt' htJrlzonr:11 ur nelr1v SQ, but \\ hen thev :Ire rilteJ to some c'rIt1cal 
SI,JrC, gr']\'lty II1ducl's ~hear in the du..:tile'iJycr. Rocks In the ductile 
'Jl'er rhus rlu\\, bter:::l" over tht: b:lsement Jnd (Jrry the upper 
bl<:r With them. For the area studied, the basement W3S the Pre­
,':1I,lDrl:111 :ld.:melli{e, Jnd the ducr:k IJyer included all the 
::Kr::l1lurph"scd wcb .1bove If - pJrr of the :llItochthon. ali of the 
ro(~S uf the luwer ::lilochthonous sheet, 3nd P3rtS ot rhe middle 
shcd, F,surl' 1.3 IS :l slillpiifil'J dI3gr:1m. siinil:H to those L1sl'd b. 
K(,,'hll\ .s;'o\\ in!; the ;"('!J.tI\'e Jrnounrs of Jisplzh:ive :-:,tr3ln .. 1f \'Jnous 

.:crt;~', Thl' rl'!Jt](l!l bl'[\\'l'cn ~hl' Ju(tlk' Llvcr JnJ the f)vc:-:ving 
r'.l~h:;' I> i,()"r!\ ,,!10WI1 :'e'cau;,l' 01 erOSion, b~t it IS probJblv J gra: 
JJ!h)fl. 

C'ur case jlffcrs trom Kchlc's slmple thrce-i3yer moJel in (h3t 
:nJjur Im\ -JI1t;IL- f,1\li t~ hal'e devej()ped. The lowest f:lUlt lies mJlnlv 
In [he Sf:l[1hl[1( ",h!s[ ()r Stevens Srring. or Jt ItS Lipper (ontlet, Jnd 
[he: :11IJ,i'rc ::lUlt ,whl(h I~ Jprl.lrentiv rhe (Jne Witt, rhe lJrgcst dis­
nl,kc'nll'fl[' Ill'S 111:11111\ in the n1e'tJll1orphcsed "q;;1nic ,h:1ks of ~he 
:\l;S)I~.)lrp!~1!1, l)r ;It thclr upper (un~~(t. \X!Jtcr ~lr.J orgJnic rluiJs 
,,"erc ~1I1'!LlC'~[l()n:lbl\' produccd in these units during thc~mal 
JIJg~nesis Jnd rnetJmorphlsm, These tJ-.:ts tit rhe general 
'nc:hJnlsm rropuscd b\ Huobert lnd Rubey (1959:: the expelled 
tlt::J, led {I' ;e,l.1r:1[1on Jnd ne3riv fn~[Ionless tr::l11s1Jtlon of the 

'J:,per al ;oc~thor)oIJS s~eet 

"., - - - - - - - : - - --,-
----_ I 

---------- -------

.... ,..jJ! .... .llloc.htrlonouS. sl1eet 

_-,E----------c-:-------lt, ~ ~o .... er 
-SC'l''itose JO.3mellite \Quartzite ana 

------c.nr"lsso<:.e ,)uamcliite s.cMist ot 
sheet 

-- Granu! Jr ada'He II i te autocntnon 

Figure 13, Venical section showing displacements of vanous parts of 
Ju(ochthon ,Ind all(xhthonous shct:ts bv flowage and low-angle faulting, 
HeJ"v line indl':lues positions of points origlnallv on dashed vertical linc_ 
Strains arc idcalized 10 onc movt:mc:nt plan. Actual slopes of suriaccs are 
unknown, Vertical dimensions arc approximate and are depicted to scale 
at time (hal deformalion slarted, 

,lil()lh{h(\r1()l1~ ,hc'ers, A{ rhe 'l'v(:r:ll rl;'lces when: we CJn detcrrnin 
thl' dirl'l{l()n of tr:111 si:w(J11, It IS rhe SJrnl':JS {he sense of sheJr In th 
dUlfde rocks :lr.oVe ,lIlJ l't'i"w the i:lUirs, 

I: rhu<; .11'r<':Jrs th.1{ both flu\\' .lnJ fJutt:ng resulted from ther 
rn,lih' Indu,ed ~h:1nscs :lnd were proQabil' JrJ\'cn bv g:-:nltv, Ir: 
dced. it !~ pi.JllSlblc tn~H the C:1tlre Jer·()rrn~:tJon.1i ~\ ')tt.::n \VJS c~use( 
lw wllk-'prl'.ld hC~:'!lg ;ll1d uril!':. T~,t' grL'JrC~ degrec ut heatln 
(i1l('tJ:norphlsm' :n :he pJrt or the JrcJ. \\.he:-e grJnlri..: plutor. 
I,,-h':~llr ~llSt!c~rs t~ .. 1r :rore cxte:lSj\e. SiJbl::.:~n: ;,Il:tons CJU:-:'cC th 
he,lfIllS .15 \\l'l! JS :he L1pilr:, pcr:'Jr\ i:)[,nlng J bWJJ Cume, Tn 
~h.ltl' of the JI)i:IC couiJ hJve · .. :r~J~,:seJ \\Ith tUlle. r~us prOViGlng J 

l',;ri,lILH!<'ll tor rne ~h.lnL:CS In Glri.'ltlOn or tl()w :me IOW-JnI;1 
f:!ui{lI1t; JS \\1.'11 as for thl' '\':1r1eJ o\erturn uf toids With Jcpth J~l' 
for the unequJi (oolIng histone, trDrn pl:1(e {o pIJ(e, T:-:e first set 
11lCtJfT1()r;:'tl1c folJs \\"luIJ rt.:rresenr rhe we,t Jnd nurth sldt.:5 uf [h 
Jorm: ,fur1n!.! rh:lt Jcrorl11Jr:on, The (rcst oi rhe dome m:.lY hal' 
sfilfrcJ to J POSition neJr .\luJd ... CJnvun dUring tne second'ddo. 
111 ,1[1 on. for the foic:s north of tne ~JnYon Jfe llVe:-tUrnea to rh 
north whcre:ls those in rhe mlddie Jnd i'ower .lllochtnonoLls sheer 
south of rhe CJnvon .lfe overturned :0 the southwest. The ere, 
would then hJ\'e sn,;:ed to ,he v,'Cst. iCJding to lJrge-s(Jie elsrv.'af, 
trJnsport Jt the cio,e or metamorphism Jnj afterward, finally, th 
iJtc '\l:occne bJsins suggest that ;arge Plrts of rhe eJsrwJrd-raein 
surface ,.lgged Jt that time. Eve:) so, the recent cooling dares, rc, 
contemporaneous voieJf1ISm, JnJ the emplacement or subsldiJf 
sheets on the upper .\tlo(cne rocks suggest :hJt he::nng Jnd defo, 
matlon rem:ll!1eJ (lose!" relJreJ unnl thcI' ended, Jbour 10 m.:, 
:lgo, 
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