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ABSTRACT

Mofc than 25 distinctive, isolared meramorphic reranes exrend in a narow, sinuous betl from
southern Canada inlo norhwesrern Mexico along rhe axjs ofrhe Norrb Amefican Cordillera. Appre,
ciation ofthese ter.anes has evolved slowly, and no.e than hatfof tbem havc been recognized only
!nce 1970. Growing evidence shoss rhal rhcse metaftorphjc tcrranes and retarcd leatu.es evolvcd in
part dunng cady to diddle Tcrtiar! time (55 to l5 m y. B.p.). that is, afte.1h€ Laranide o.ogeny bui
befo.e basin{ange faultins. Thcsc terranes hlve bcen re.ned ..mcramorphic core comptexes.,

The complexes afc characterized by a Seneratly hctcrogeneous, otdcr meranorphic-plulonic base-
mcnr teffane overprintcd by bl-dipping tinealed and foliared dylonilic and gneissic fabrics. An
unmctamo.phosed covcr tefane is rypically atlenuatcd and lticed by nume.ou! subhori2onral
youngcr on-older lau11s. Betleen the basemenr and the cover le.ranes js a zone ot ..decoltenent,

and/of stcep netamorphic gradienl wilh much brecciarion and kinemaric structural reiarionships
indicativc of sliding and dcrachment. Plutonic rocks as young as eany 10 middte Te.ria.y agc are
defo.ned in the basemenl tefranes ofnany oflhe complexes, and sone ofrhe deformed coyefiDctudes
contrnental sedimentary and volcanic.ocks ofeariy ro middie Tcrtiary age.

Some codplexes cxhibit evideDce of prolonged dcformarion and meramorphism exlcnding back
mto Mesozoicand even Paleoroic!imc. Ali the.omplexcs, howevef, revcatanearly ro middleTertiary
delofmallonal and metamorphic overprinl tbar is intefpfcred Lo be mainly ofexrensional origin. The
extension coincided wilh a vast plutonic volcanic flare up oi magmatic arc affinity mainly during
Eocene time in the Plcific North*esl and mainly du.nrs late Eocene-Oligocene to niddlc Miocene
t,de soulh of the Snake Rivef Plain. rhe exact tectonic significance of r he comptcxes reftains obscure.
Thei. extensional aspecr clea.ly postdares, and scems unretared to. Creraceous and early Tefriary
Sevierand Laramideconpressional tectonlcs. but!redares the more obvious lareTerliarybasin{angc
extension and rifting.
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INTRODUCTION

'lhe Nonh Amefican Cordillera has dore th4n 25 dislinctive. isolared melamorphic teffanes
scatle.ed along a narrow, sinuous belt lrod southerD Canada to northwesrern Mexico (Fie. l.).
Apprecidtion oIthese terfancs has cone slowl]. and more than halfofthem have been recoenized only
s,nce 1970. I)uring the pasl l0 yr, a conside.able debale has centcfed on them, and they have bccn
termed metado.phic cofe conptexes" (Coney, lu?ld, 1976. i978. l9?9i Dalis and Coney, 1979;
Cri t tenden and othe*,  1978).

Ofogcniclheorylongago ackno*ledsed thc imporrance ofregnhal meramofphismin the evolurion
ol mountain systcms. The exact teclonic sigDificancc ol this neLamorphism. howevcr, remained
elusve. Largelyas a rcsul i  of ideas ofwegmann (1935)and Halhr (  1956),  rhe concepr ofan axialcore
zone ol a mounlain sysiem evolved (de Silter, 1956). This axial zone sas vis ualized as being made up of
metamofphic rocks rhat displayed eriden.eofexlrencduclile Ios. gneissdomes (Eskola. 1949), and
.elaled plutonic rocks. Thc ,one ras rerned a! "infrastructufc'i and vas seen as distiDct from .n
ove.lying o.lanking, briulc, sup€rficial \uprartructu.e. Thc boundary berween these 1!o conlrasl
1ng domarns was seen as generally sharp and characte.iTed by sleep drernal grad ienrs and sl.uctural
dsharmony. Most of this th y vas bascd on circum-No.th Arlanric Cahdonian and Hercynian
examples and Lhe Altine bell ofsouihcrn Elrope.

Zwan (1969) auedpted classification of ofogeni. metano.phic faci€s into two basic rypes. He
recognized a He.cynian endrnembef characterized by g.anites and bv high tcmperature and low- to
moderare presure facies and an Alpinc crd menber cbaracterized by high pr.sure and bw-
tenperature facies. He did no1 specify any panicular tectonic r,rccess to explaiD rhese rypes

A siniilar distincrion was hade by Miyashifo (1961. I973). bul was .as1 in a completely diffe.ent
1igh1. Mjyashiro rccognized the sade t{o contrastingfacics, bul he paired then in dsingle ofogcn, rhus
lating a cornerslonc ofplate-tectonics theory. For him, ihe high temperature type was linked dirccllv
10 processes in magmatic arcs, wherea! the high-pre$ufe rypc was llnked ro rhe trench. Borh oflhcsc
conlrasting metamofphlc lacies were interp.eled as the fesull of bduction of oceanic lilhosphcrc
along actire afc tfench systems in island ar.s or along consuming continental nargins. Enter phrc
tectonics and the erpefrcncc ofthe PacificOcean. Mounlain{ystem cvolution suddenly became more
cohrrehensible (Ham'lion. 1969i Dewey and Bid, l9r0i Coney. 1970), and all noderate- ro high-
tenperature Cordilleran-type mctamorphkm suddenly appea.ed to be relaled to proc*ses asociated

Cordillera

djreclly lir

(Coney. l9

gravily-drl

METAMORPHISM IN THE NORTH AMERICAN CORDILLIRA

Ofparticular inlffest ro the concerns of this volume were devclopmerrs in the I960s which focuscd
duenrion on a belt ol metamorphic rocks directlt rest o I the easr,rereing for€land fold and rbrusr beh
of Lhe North Ameri.an Cordillefa. Rccognition oflhese metamorphic rocks produccd variousgeneric
intcrprctations that atrempted to link the mclamorphic core zone rvith rhe lold and lhfust bcii in
modch rcminiscent of Caledonian and Alpine orogcns. The earlien and most noterorthy wcrc the
idcas of Misch (1960), Arnslrong and Hansen (1966), rlnd Price and Mountjoy ( 1970). Our ofrhcsc
srudies rose ! conscnsus thal tbe deianorphic cofe zone was a deep seated inf.ast.uclural culmina
iion. or hnterland, which evolved coniedpo.aneously rith and jusr ivest of rhe superficiat thiF
srinned fold and thrust bcl1.

'Io Misch (1960), the mosl rmportant elenenr ol the eastefn Ncvada sructural p.orince, or
hinterland, wa! a regional st.uctural d iscontiruity. iermed a "decollement. " This discontinuity sepa-
rared Precambrian basementand metanoryhosed upper Pre.ambrian-1orer Paleozoic sedimenrary



.acks lion an ovcdying unmeramorphosed alochrhon. Thc type area ibr rhis .ceional decolenen,
sas thc Snake Rangc of east-ccnrral Nerada. Misch rearoned rhar the dccoledenr and rhe asociare.
shear!rg and ftelamorphism atongit wefc produced duringthc ..nid_Mesozoic orogcny... r.lertroueh:
rhat thc discontinuiry wa! lodned as craronic basemcnr nor€d *eslward inro deep_scaied rhrustrools
peel'ns and shearing o1Ilhe Pha.erozoic cover as ir moved. Thc inpli.ation ilas that the decolcmenl
{as \t.uctu mlly co nrinu ous with pre-Laramide bw-angle break our th rust tau tts 1o rhc east in cenr ral
ulah, alonS and west of the wasatch line.

Wo.king in the samc regbn. Arn(.ong (1968b) and A.nstfone and Hansen ( t966) emphasized
remobilizalion of basemcnr rocks aDd nelamoryhi\m of rhe torvest parr ot ihc phanerozoic .orfl
du.ine lhe nid-Mcsozoic orogeny. I n an anaiogy lo Caledonian srstems, rher tefmed Lhe remobiliTed

L.r ,e. I r .o1r 'd.  rov. .n. I  e. .n phd. ?Ir  obr r l  . . r r  |  .d. .o ^n.nrLvr
db\cl- f .  nf / .  n .  r  d ,  .  n r  r  c .  .  (  d r  f  .  a o r  ar  , r  rc\  rn -rrr  tod.d. .  p. .nJ. tdor i !  ,o r  t r*  dcto.n-
bnttle suprastructurc abore.

Thcvdid not nake any spcciicgeDeric link belween ihe intrasr.uclufc suprasrrncrure tectonics of
rhe h'ntcrland and rhe fold and ih.usr bctr 10 the cas.

Ihe Pr icc and Mounrjoy (1970) modcl  for  the tcclonic evolut ion ofrhe easrefn Co.di l tera of
sourhe.n Canada was oDe ofrhe bcsl-formnl,red and peAuasii,e iecronic syntheses in rhe hisrory of
Cordilleran gcologic thoughr. Thcy propord thar a hor mobile infrasr.uctufe rose buoyantly in rhe
Shussap axial netamorphic cofc zone. sfavirationaltv sprdd easr{a.d, and propelicd the Rocky
Mountain lorcland fold and rhrust bett ro thceasr. Thc dclbrtuaiion {as seenas conrinuouslyevotving
upward and caslyard ffom l_ale Jumssiclo cartyTe.lia|y tine. priceand Mounijoy did nothesilatcl;
dnccrl! link thc elolvine infrastructure lirh the foretand fotding and rhrusr fautring to the easl in a
singtc grand senclic nodcl.

Thc loiv-angle thrust laults along thc Wasaich line in central and sourhe.n Utah are ..olderon_
young€f'Iaults (Misch, 1960i ArmslronS. r968a) rypicat of fo.eland rhrurt betts the world ove.
(Coney. 1973 b). I n thc hinrerland ro the wcst. howercr, a bore th€ metamorphic .ocks. low_anstc tautrs
are youngeFon-oldcf'l (Annstrong, 1972). Nolhine quire likc these widespread youngeron otder
fauhs has bcen enphasted inthc Canadjan Rocky Mounrains. tns!ite ofrhis, rhe priccand MouDtjoy
nodelhad grear influcrce on ilorke.s in rhc we*ern Uniled Shtcs. Asa resulr, subsequenr sr,nrhcses
atledpted to applv modificatjons ofthe Canadian e&mpte to tlrc baLrleground ofeasrcrn Nevadaand
Dcne.n Utah (Roberrs and Crittcnden, I973; Hose and Danes, 1973). Hose and Dans, for examptc.
nrtefpreled lhe dccollement and youngeFon-otder fautts in cover rocks as the fcsutr of extensionat
gravity driven movcment ofthe cover offan uptiited hinrertand in eastcrn Nevada Gee Fie. 3B). 

.r 
his

coler tcffane sld casrvard to be.omc the supeficially telescoped otdcf on_youngff ih.ust fautrs ol

The pfecedingaccount sers the !ragcfordevetopnents rhar {e.ero casr considerable.onfusion over
rbe simplicity a.d bcauty of tbe earty modet\. What foltowed, nostty afrer 1970. is one ot rhc mosr
fascinatine debares in Cordillffan re.tonic historv.

The debate was predicred. Eart) workes nored cerrain data and retalionships thar *e.e either
tfoublesome of i.consistenr wirh cxisting modeh. Damon (Ddmon and orhcs. r96.1; Mauger and
othcs, I968) foud rerv young (middle-Te.tiary) K-Ar.,cooting aget'ffom meianorphic rocks in
southcrn Anzona. Armst.ong and Ha.sen (1966) found simitarly young (Terriary) ages tuom nela-
dorphic rocks in Nevada. Misch (1960) vas aware of Tertiar! graritatlonat sliding and superficial
brecciation in the Snake Range ofeasr*n Nevada. and Drewcs (1964)discussed multlplethrustinSand
gravityiaultingextcndinginto Teniarytine in thc SchellCrcck Ranse ofeastern Ncvada. Moores and
othe.s (1968) re.ognized Terriarydetormarion and meladorphisn in thc White piDe crant Range of
easrern Nevada. For many workos, mosi oflhese inconsistencics seem to have been cxplained as rhe
result of a minor "fe.riary overprinr ota basically Mcsozoic teclonic regimc ofmeramorphism and
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low-angle lhrusting. In some cases, rhe local importance ofrhe Te.liary modificatjons was adequarely
emphasiTed. but the regional sieniJlcance \ras not appreciaied by others.

The Jlrst clearslatemenrlharinitialed turn-around ofthis consensuswas madeby Armsrrong(1972).
He proposed that aidespread "denudational" 1o{-anslc faullinginmiddleTefiiarytimewasa possible
cxplanation for the 'tegional decollemenf' of the €astern Nevada hinierland. Using geochronology
and field relations. he reinterpfeted exhling published seologic mapping and srrucrure seclions. His
results suggested that at least in part, the exiensional youngeFon older faulrs. which cul seltdared
niddle Tertiary volcanic rocks as wellas a$ociaied sedidenrary focks and flarten al deprh to merge
with the decoUementplane. Nereas youngas theTcrtiaryvolcanic rocksrhey cut. Theiftplicatjon vas
clear. The decollemenisufacewas, in part arleaslj ofmiddleTeniaryageand posibty had only tirlle or
norhing!odo with Sevier (Mesozoic) thrusling ro the east. The work ofLeeand others (1970) ras very
signiticanl in.egard to this problem. They showed that K Ar ages froft awell-dared Jurassicplulon
bclow the decollenent in the southern Snake Range werc progressively reset ro younger ages as oDe
app.oached the decollement. The ages decreased ro about t8 m.y. atthedkcontinuilv. Leeand othe.s
(1970) concluded that themost recent movement onthesurtace was rhat young,and Armstrons(1972)
enlirely agreed with tbem.

workinsindependently, Coney (1974)in the Snake Rangeofeasrern Nevadaand Davis (1973. 1975)
in ihe Catalina-Rincon Mouniains ofArizonaboth advocared hiddle Terriary Ios,angle sfaviryslid-
ing of unmetamorlhosed cover rocks offmetamorphic basement on a decollemenr surface. Al abour
the sane time, I heard (M. D. Criuenden, Jr.. I 972, oral commun. ) thar Todd (in Comlton and otheN.
1977). working in the Raft River-GrouseCfeckarea. had tound that allochrhonous shccts ofpaleozoic
coverrocks had moled offametamorphicbasemc.r onlo niddteto upperTeniarysedimenrar! rocks.
Finally, Compron and othes (1977) found e!idence lhat rheyounge.mctamorphic tabric characle.is-
tic ofthe Albion-Raft River-Grouse Creck metanorphiccomplex$as impdntcd on a middleTeriary

Alloftbis work implied that significanl thernal disturbance, merahorDhjsm. and deformarion in
thc hiniedand exlended into middle Tenia.y rime. This is much youngerrhan, and wellclearol lhe
provcn age offoreland thrusiing to rhe east. This time sequence raised rhe disrurbingprospecrthat wc
we.e dealing wilh a verry young. special, and enigmatic tectonic response ofobscufc siSnificance.

CHARACTERISTICS

The ftelamorphic complexes discused in this symposium volurne occuf in a discontinuous bett
exlending from southern Canada souih through the Cordillera into Sonora, Mexico (Fig. 1). In
general, these complexes are characterized by distincrlv sinilar rock rypes, strucrures, and fabric.
These similarities areamong rhe most remarkableaspects ofrhe complexes and are noriced byanyone
vith more than acasualacquainrance *irh morerhan oneoflhem. The striking similarilies aoongthe
.omple\e to-n , le r l "  eod Lhd, brnd. rhe \sue b! to-e u.

T{o distinctdomains characrerjze theconplexes (Fig.2). These afea metanorphic-plutonic base-
ment ter.ane and an overlting or adjacenr hnetamorphosed cover. Separating tbe two is a sharp
discontinuity, orzone, markingrapid orabruplchange inrock types and slruclure. Raretydo the rock
typesandstructurallabricthalarecharacrerhricofeitherthebasemen!orcoverqosstbediscontinxiry
inio the other domain.

The gro$ alpect of the complexes is domal or anriclinal, usualty sirh an asymmeiry such that one
llank is dightly steeper than the orher. The comptexes usually form the highest mounrains in iheir
respective fegions and may be recoenized from afar by tbeir distinctive lo! domat profile on lhe

(coney, ls
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Metano.phic"Plutonic Basem€nt T€rrane

The metamoryhic basemenl is characre.i/ed by a low dipping foliation whose artilude usuall!
.onforms to thc overall domal of archlike rhape of the complex. This foliarion inDarrs a dislinct
gne,ssic aspecl to the rock. wirhin the folia tio n p lane is an inevirable dinefal tincation. The beafing of
Lhe IineatioD (but not necessa.ily rh€ plunge) is ofren remarkablyconstant rirhina Siven conplex and
sodet'nes in adjaccnt complexes as well. In more rhan l5 comptexes located acfoss a disrance of400
kn in southefn Arizona and Sonora. fof cxample, rhe lineation bears abour N60.E (Davis. lhis
volume). To the north, thc lineaiion ir ftore variable, burgenerallyrfends eirherdue wesr ornorthwesr
(Concy, 1974i Misch, I960). In sone cases, the ljnealior lhs close !o rhe axcs of rhe domes of arches.
but in other cases. it cuts acro$ this trend. The dip offoliarion on flanks ofthe dones rarely cxceeds
20o lo 30o. Botb the ioliation and lineation are usuall! described as .,catactaslic., bur do involve
fecfyslallizarion. paniculafly in quanz. as well!s cataclasis ('lodd. rlis votume). I he rocks afe besl
descobed as mvloniti. gneiss. Strain is exrredei the elongared ftinerals and sberched pebbt€s in
conglomerate can atlain axial ratios of 812:l (Coney, 1974i Conpron, this volumei Codpton and
others. 1977i Davis, this volude). Thc ovcrall srrain picrufc is one of maximum shortening and
llatrening perpendicularto the subborizontalfoliarion planeand rnaxinum exrension parallel ro the
lincation (Coftplon, this volune). The direction of maxihum etongarion is frequenrly dcscribed as
subparallel to .ecum bent. ilattened. and attenuared mino.fold ares. Davk has foundsmalllare srage
normalfaults *hosestrikc is perpendiculaf ro thelinearion (Davisand olheB, 1975: Davis. I975, 1977.
and rhis volume). Thesc iaulrs seen ro be thc result ofp.ogre$ioD fron ducrile behavior ro britrle
tuilure. On the fault sufaccs are slickensides whose bea.ing is subparallel to rhe linearion.

In some conplexes vhere crosion ha! cur deeply inro the uplihs, the foliared and lineated labric
diminishcs irlo eirheranearlier. usually sLeeper melarnorphicfab.ic ora mofc homogeneous ptulonic
fabric (Coney, 1974i Todd, this volume; Relnolds and Rchrig. ihis volume). The deeper, eaflief
detamorph'c Iabrics are often quite complex and .eco rd pol)rphasedeformarionand conplex histo.v
(Ree!or. 1970i Hyndman- 1968; Miller, this volune). The distinciive nvlonitic fotiation and linealion
a.e the.eiore supcrimposed on the earlicf fabrics.

The protolilhs ofthe meradorphic bascmenr laried both in rock rype and ase. This is a poinr that
cannot be overemphasized. In dos!cases, asingle conplei had several protoliths.In one complex or
another. the protoliths include p.oven oLler Pfecanbrian meras€dimentary basemenr (Rcynolds and
Rehrig, this volune), o/del Prccambrian plulons thar intrude the melasedimenrary .ocks (Banks. this
ro lume: Compton and othe6, 1977i Shakel and orhe6, l9?7), trppe. precambria n sedimenrarv .ocks,
Paleozoic sedineniaD' .ocks (Misch. 1960: Howa.d, l97lj Thordan, I970). probable Mesozoic
sedimentafy rocks (Reh.ig and Reynolds, this volumei Hyndnan, I 968), Laramid e Uppe. Cretaceous
lowe. Ternafy plutonic rocks (Andcron and ()1heN, rhis volume), and even lowcr to niddle Teftiary
pluLonic rocks (Rcynolds and Rehfig, rhisvolume). Atlofrhc above prorolilhs havethedistinctive late
mylonnic iolialion and lineation supedmposed on them in onc complex or anothef.

As oneapp.oa.hes thc discontinuiry separating the basenent and coverrer.anes, all ofrhe basemenr
fab.ics (inctuding the late mylonitic fab.i.) are dcmonsrrably brecciatcd. They are r.uncaled ar the
d,scoDtjnuity by a still latef dcformation apparently relared to movement along Lhe discontinuit)r
(Coney. 1974). This latest deformation uenlly places unmetamorphosed corer rocks in direcr co nract
*rt h breccratcd and locally t.uncarcd a nd disturbed bascmenhocks. Regionally. ho{ever, rhe discon-
l,nuity, or decollement. is subpafallel or exaclly parallcl to rhe underlyins mylonhic and gneisic

Granitic plutoDs are extremely common in the basemenl terrane. Of special ilterest are some
described as the gafnet bearing rlo-mica r)pe (Chappell and While. 1976i Besl aDd others, 1974).
Besides the plutons, pegmaliticand migmatiric rocks a.ecommon, as are orherlale-slasedifferentiates
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and hucocralic phates. Thcse snaller bodies Senerally lo.d sheetlike or lensoid ma$es and fine

striDsers Lhat afe subparallel 10 the folialion. bur can also cro$ it Sonr have thc mllonitic lnbic

superimposcd on tbeni otheb do nol. Al deeper lercls.lhe 1a.8er pluton5 are commonlv honogcne_

ous, but as the decollenent is approached.lhe) progrcssivelv acquire t h e. h a r a c 1c r i s 1ic ftniation and

linearbn. The pegnatiiic and nigmatiljc bodies gcneralll do noi crots the dccollehent and are

commonly tcrmindted abnrpU! at  i r . Ina fewcases iofrhi .b documcn!a1ion is st iUcmergrnS. eventhe

largesr plulons at apparently sill like nasses cmplaced at or jus! belN. ard subparallel to, the

decollemort sudace (Banks. this vo1un4.
M.tamorphic grlde in the basemenr retanc is quite varilble ln man! comple{es, rhc older and

deepef metadorphicgra.le ras quile hi8h. and kyanite, sillimanite, and andulu\iteare nol uncommon

( lteesor. I 9t0i ArmslronS. 1 968b; Compto n and olhes. 1 9?7) Tbe r-.ou ngcr mvlonitic la b|ic ntned a1

morc moderatc conotrrons.

(]nmetlnorphos€d Cor.r TeBane

The orcrlyingcover icrane consists of unmetamorphosed rocks separated lfom the metamorphi'-

p lutoniccorebythedecol lementorbyazoneofvefvsteepnetamorPhicgradicDl lnnanyc!ses' l i l t le

oithe cover terrane rcmains bec.usc oferosion comdonlv. ihc onll' 
'edna 

nrs are isolated "klippen.

as rhey arc usually tcfmed. scattcrcd around thc mdrgins ol thc coftphx

l.ike thc basement tcrrane. the typesand ages ofcover rocks are highlv variable ln onecomplex or

anotber. the cover rocks .onsist of slive( of origiral Precambrian basemcnl (Davis. this voluftel

Ilrewes. l97r), uppcf Precambrian sedinentary rocks. Palcozoic sedimentlrv 
'ocks 

(Cone! l9t4i

Complon and othe6. l9r7i Thorndn. I970), prcbable MesoToi. sedimenla'v rocks (Reh'8 and

Rcynolds. this volufte), and Teniary volcanic and sedimcnta'! rocks (Daris and o1hcs. 1 9 77 a nd ihis

volune). Al1 the cover rocks includinS. i1 must be enphasized, lowcr to niddle Tcni!r! vo 1ca nic and

asocialed l .ftiary sedim.nlary rocks (Da! is and 01he.s. l97l a!d ihn !o1ume) can be deftonstmlcd

io have novcd along thc decollehent rclahve to the basement terfanc

where sufficienr covcr terrane is prcserved to make obserlalions. slruclures withrn rt arc very

complex. workert are usuallv inprescd bl' danv loiv-ang1e, voungeFon-older bcddinS-p lane Iaults

a n.l by nany exlensional lislric normal faul$ (Concy. t 9r4; Hosc and Danes. 1 973) The entirc cover

re.ranc can take on the charactcf of a neSabrcccia. Farltine rarelv penciutes into the basemenl

terrane belo{ the basal decollemcDl.ln orhffwords, the dccollenent narks adiscontinuilv olextreme

duclility contrast b'ittle above, duclile belo*

In sohe arcas, delailed analysis oi covcr rocks revcah stru.trtes varving from miro' nnds to

slictensides on faults, or on the decollemcnl surface itsclfi su.h struciu'es can bc inlerl'eted as

rcflccting moremeni ofcovcr rockt dosn presenr dips oflhe decoUcmcnt su'face nrto adiacent bastns

(Coney. 1974i Davis- 1975). The movemcnt directions inferred are i. sone cases ar a high angle ro the

bea.ine of lireation in the underlying basenent. {hcreas in othef cases thev are srbpardllel Aho, the

earlier Iabric\ in ihc basedent, includinS lhe mvlonitic Iblialion and lincation are rcdelo'ded

(gencrally brirdcly) into geomciries consistcnl wiih the movement picture deriled irom the covcr

(Concl, I974). This laie movcmcnt seems to hlve been asociated locallv *ith intensc bfeccianon 1n

borh coler rocks and in bascmcnt ter.anejust belo* the dccolledent. Water was abundanl ftomthc

eridence ofclastic dikes and chlorilic and hcmatili. fillirgs in the pervasive fra'tures

The amount olexrension in !he.over tcn!ne is rypicallydratuatic ll se!erd1 complcxes. attenuation

of the onginal st.atigra phic seq uence is crtreme (Compton and orhcs. 1 9r7; 'lodd, this !o lumei Davis

1915), and litbologjc unils once ver! hjsh in the ofiginalcover scquence have been b'ought down into

.ontaclNith the d ecolleftenl surface. ln some cases, the srratigraphicseparation is Srearer than 2km It

is nolucommonto findTertiaryrocks, !he yougestofthe ofiginalcover, bfought doivn into tectonrc

.onlact ivilh ihe basement rerranc.

1972) and a
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ln many of the conplexe!, part of thc cover sequen.e is an early to middle ferriary continenral
sequence (usually red beds) composed ofconglomeratc. fanglome.are. sandstonc, and silistone, wirh
some lake beds and €vaporites (Pashley, 1966). Thesc sedinentary rocks commonly are associated
regionally sith (usually oveflain bv)wel!dated lowefto midd le 'l-erliary !otcanic rocks (A.mstong,
1972) and arc usually tiltcd 10 high angles. lt is not insignificant rhar the direcrion of stike of rhese
tilted sedimen1arv and associated volcanic sequences is perpendicula.lo the bearingoilinearion in rhe
basement ter.ace ol the complexes over wide afeas in Arizona. These relationships between the
conhnental rocks and the complexes suggest a genetic link.

Thc scdimenlarysectbn is usuallyvcry thick. as duchas sevefat kilomelres. rn those tew cas€s rbcre
investisations have been nade (Pashley, 1966), current indicatoc and pcbble counrs suggesr that rhc
fluvial systems did not d.ain f.om the cofe complexes. but day have actualltr flowed loward rhem.
Only in upper leveh ofthe deposirsdo srreamsappear to hare drained offrhc comptexes, and it js onty
,n these younsesl horizons thatclasts offolialcd and lineared basement rocks occur(see atso Todd, this

The decollenenl or dislocation surface is the most distinctivc aspecr ofrhe core comllcxes thus fa.
rccognized (Miscb, 1960i Coney. 1974i Whiteb.ead. 1968; Nclson, I966. I969: Davis and othe^. this
volumcj Miller. I 972). Allhough variations exist, t he geneml characierhrics of the decollcment are so
rcmarkably similar f.oft one complex to anorher lhat rhe feature is insranrly recosnized.

In somc complexes. particuladyin cenlral Nevada and Arizona, rhe decolleoent chafaclcristically
occu6enhcrclose ro rhe Precambfian Phanerozoic unconformny or in horizons dnectly abovc rhick
upper Precambrian lower Paleozoic quartzile siltsr one sequences. Carbonares below ihe decoltemcnt
are usually meumofphosed. auenualed, and inrenselydetormed inro a mafblc iectonile ra.ety rhicker
lhan several lens of  metfcs (Misch. I960i  Nelson. I966: Coney, 1974; Whirebrcad, 1968).  Davis ( th js
volumt has referrcd to this tectonite band asa mctamorphic carapace. Unmclamorphosed pateozoic
carbonates abore the decollenent can d;ectty ovcrlie their tuetamorphosed cquivalenrs belor lhe
decollemenr. Where the bascment is conposed ofplutonic rocks, the decotlemenr usually ties direcrly
abovethem. and the plutons ncverfios the decollemcnt. Arenarkableexamplc in lhe southern Snake
Range of Nelada (whilebread, 1968. 1969t l-ee and olhcn. 1970) has a Jurassic ptulon as basemenl.
This plutonis ovedain alonga cleaflylectoniclow-dippnrsplanarsurface byas much as 30 m ofmarble
tectonite. The decollcment lies above the marble and is overlain by unmetaftorpbosed Cambrian
lrmestone. Here. K-Ar ages on the Jura$ic pluton dedease !o lE m.y. approaching rhe decotlemcnl
(Lee and othe.s. 1970i Armsrrong, 1972r Concy. 1974).

The deco llemenr surface typically is extremcty sharp and !ery visiblc in topoBraphy. rr is often highly
polisbed and has slickensidcs: rock direcrly belov can have rhe aspect ofa fused pasie or a b.eccia of

Rocks near the decollemcnr, borh abdve and bclo*, are usually brecciarcd and show extensive
alle.ation (Reynolds and Rehrie,lhis volun4. Retrogfade chlorite is very common in brecciared
basement rocks, and delelopmenl ol a dislincrive hemariric red stained t.acture fitling bctween
f.agdents is ubiquitous. 'these breccias havc the appearance of "explod ed rocks. Even in thin scclion.
so-ca11ed mylonitic zones are.learly Nirhout planar fab.ic, bur.alhcr showa. exploded microbrcccia

The decollenenr is sencrally best developed on one side ofa parricular complex, usually on rhe lcss
st€eply dipplng flank of the commonly asymmerrical dome or arch (Reynotds and Rehrig, rhis
volume). On the sleeper flank, the discontinuiry can be less tecronically abrupt {jth onty very sleep
metamorphic gradienl and little denonstrable evidence of major novement betreer cover and
basement. h ai least two complcxes. several slices (or thin packets ol discontinuity bound .ockt
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e\tend acfo$ Ihc done o. erch. Thfcc sepa.ate slices arc rccognized in borh rhc Raft Rile.-6rouse
Creekadd Rinco n complexes. I n RaftRiver cfouse Crer { mplcx (Conprdr. 1972. 1975; Conpton
aid othe rs, I 9? 7r Tod d, th's volufte), the ti!o Io*er slices a.e meramorphosed, but rhe upper is n or. ln
lhe Itincon Mountains (Drvis. Lhis \olume: Dfc{cs. 1977), rhe lowef sli.e ir netamorphic paleozoic
rocks that are extremelvarlenuated, !he niddlc slice is originat Precambrian basemen!, and the upper
slre s u ntuetam o rphoscd Paleozoic and Mesozoic rocks The corc in both examples is prccambrian
gmdte. melaredrmentafy rocks, and lower to middle Terria.y ptulons.

REGIONAL'I'ECTONIC SETTING

'I he .eFonal lccronic ser Ling o I Cord illcm n ndamorphic co rc compteres ( | jg. I ) is in ma ny ways
the dost puzzling aspcct oflhe prcb1em. This n so be.ause no oblious regnhal tectonic fctarionship
has been demonstrated to c!eryone s salisfactior. Ne!e.rhele$. il has bccome clea.rharrbecompiexes
are an inF.'tant elemcDr in rhe ove.allarchiteclure ofrhe North Amcrican Cordilrera.

Disrribulion oinetamorphic rocks in western North Aneri.a, excludingthe craroni. p.ecamb.ian
basement bcncalh the easlen margh of the orcgen. grosly reveals rso subpaFltclbelts (King. 1969:
Moneer and Hulchison, l97l). Thc ivcstern beh is largely a met.mo.phic shearh bclorv. *nhin, and
ddlacent to thc greal belt of Cordillcran baLholiths. This bch cxiends rhroush rhe Canadian coasral
plutonic complcx. rhe Idaho balholilh. and rhe Sierru Nevada Peninsutdr Rangcs batholilh south-
sard into leslcrn Mexico. An eastcfn bclt (Coney, I 978) fo llo{s the On ineca crystatline conp tex ol
the edstern Cordillera in CanadaaDd culminates in the Shuswap rcrane ofsou!hern Bfitish Colunbia
to no.rh westefn Washington (Cheney. I 977 and rh is !o tumei Fo! and orhen, l9? 7). Thc western and
easte.n behs ol meramorphic rocks appelf to merge in rhe tdaho batholirh (Mille. and Engcls, 1975).
but to lhe sotrth they again scparate. and ihe easrcrn bell exrends soulhward acros easrern Nevada.
soulhcastrard across Anzona, then southpard into Sonora. A11rhe so-clllcd Cordille.an melanor
phiccorc conplexesas defincd here lie in theeasrefn bclt. which exrends al least ttom sourhern Ctanad!

Most of theeasrern belr  der. toped eiLher on or !err  ctosc to lhe edse of lhc or ig inalNorrh AnEricar
Prccambrian cratonic basemenr.In confasr, ftost ofttre wcstff. belr rtay havedcvcloped in ftagmaric
a.cs on oceamc cru( or on c.usial iiaemenrs rhat qe.e subscqucnlly a.creied onro Norrh Ame.ica s
cont inental  marein (Jones and orheE, 1977; Monge.,  t9r7:  Dickinson. 1976; Coney. lg l8) .  Final ly,
r hc appa.ent con1,n urty o1 borh belrs does no1 inply hisrorical conrinuity Thc ages of balho tjrhs in thc
wcslcrn belt !aryalong stfikc. and much ofrhe nolthern t\!o-rhnds oftbe easlcrn betL re.o.ds a much
morc prolonged metanrofphic history rhan the soulhcrn parr. It is the most recenr neramorphic
lcctonlcevents ol the eas!cfn bclt lhat we idenlilyas characre.islic oithecorc complexes, and rhese afc
supcfnnposed on a di!efsete ane, whose hi*oryand rcctonic evolution predajc the derelopnent oI

I'.r-Mesozoic Tecloni. lr€nds

Ofrhe 25 or $ Co.dillcran meradorphic cofe comphxes curenll! idenriiicd. allerolved in terrane
undcflain b! No.th American Pre.adbrian conliDcntal craroni. basement. as deitned by beins
inbo!fd of the 0106'rSr i r .Sfconlour l ine Gee tr is.  l )  (Armsrrong and olheN, 197?t Kisr te.and
Peterman. 1973).1so po$ible impo. lant  except i in,s afe rhc Okanogan (Fox and oihcN, I977) and
Ketlle (Ch€Dcy, l9?7and this volumt complexes in washinston. In many codplexes, lhc pfecambri-
an age olthe bascment iseither prored orimpljed byi!olopicdarilg(Wanle$ and Ressor. 1975; Clark,
l97lt A.mstronC and Hilh, 1967: Compton and orhers. 1977: Shakcl and othe6. l9r7). and .egional

Sinilarll

l9 lE).  Sou

(Coney, l9
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.elations seem to d emand its prcscncc in most of thc rcmainder. Even when this Pre.amb.ian ba\ement
is lookcd at morecloselt,. controh on evolution olnelamo.phic conplex* are not oblious. Precam
brian lithologic and stru.tu.al t.ends, whi.h ar generally northeaslerl),. slrikc at high anglcs to thc
trcnd of lhe beh olcodplexes, and ba\edent ages do$ed bythe belrrange trom grcatc. lhan 2 b.y.  rn
thc n orth !o about I b.y. in the so uth ( King, I 969) The Arizona complexcs may par.llcl a no|thlesl
tfcnd of late Precambrian ri8h1-shear Iurt sodthwell ol the Colorado Plalcau, but so do all other
post-PaleoToic le.tonic trends in that a.ea

From southern Ne!ada northward to the Selkirk conplex in ldahoand WashingtoD, ihccomplexes
lie witbin the thick Cordilleran niogeoclina I p rism oflalcst Pfccambrian-Paleozoic age. On the other
band, in Arizona and Sonora, thc complexcs evolved well inboard ofihe Paleoroic nioeeocline on
whar had bccn a thin cfatonic shelf (Peirc€. 1976). In contrast, the Okanogan and Ke(le conpletcs
seem to lic outboard of the Paleozoic miogeoclinal sheli edge. As a resulr, rhe conplexes cannot bc
erplaincd as bcing related to a zoDe of deep Paleozoic bu.ial and thick Paleoroic sedimenrary
accumulation. Thc thickne$ ofuppernost P.ecanb.ian-Paleozoic deposits o!er lhe e!entualsite of
Ihe corc complexes is !hnost l5 km in soulhern Canada (Price and Mou.tjoy. l9l0r Campbcll, 1973).
about l0 knr in Nevada (Armsl.ong. 1968a), and only abodt 2 km in southern Arizona (Pcncc, I976).

Snnilarly, the distribution of the conplexes varies relativc to Palcozoic oroeenic actnitl dnd
metamorphisn. fbe northern complexes are lbund in a rcgion that ilas probably aliected by friddle
and late Paleozoic Ander Sonoma dcformation and, irr the case of the Shus$af conplexi sone
Paleo/ oic metamo rphism (Oku lilch a Dd oihc6, 197 5: Rcad aDd Okulitch, I 97r: B.o*n and I ippett.
1978). Southward in Ncvada and Arizona, thc complexes 1ie well easl or luth of anr profolnd
Paleoroic thermal or lcctonlc cvcnls.

Relalionship to Mesozoic-Ea11y Cenozoic Trends

Latest Paleozolc-ea.ly Meroroic time was a major lransition in Cordillcran rectonic e\olutron
(Coney, 19r2, l9?3a; Burchfiel and Davis. 1975). It marks irccption of draping and accretion of
Dasmaiic a.cs on the North American margin and thc cvolution ofback'arc thrusting and ftnding
inboa.d from the maematic belts.

Genetic linking ofthe Cordilleran metamofphic cofccomplexes to Cordilleran thrust belts has been
tbe nost pershtent and pcrslasivc areurncnt put forward to explain the phenomena unde.stud! lhe
argument has manifcstcd itseliin sevefal*aysand has innuenced discussion ofCo.dilleran lectonics i.
gcncral as well as discusrion ofthe conplexes thenselves. No aspect ofthe complexcs has scncratcd
more contro!ersY than 1nrs.

From Nevada no.thla.d. the ftradorrhicco.econplexes lie*irhin a bclt abou1200 kmrest ol the
thin-skinned loreland fold! and inbricate thrust faulls so chamclcfislic oi thc Norih Americln
Cordillera and otbe. orogens (Conet', l9?6) Because this belt 01 mctamoryhic focks I'cs behind the
folds and thrustfaults ofLhe foreland. the belt has been krmed a "hinlcrland. Thc tcclonic even$ of
the hinterland are supposed to have been deeper sealed than thosc olthc forcland and included uplift.
thernal disrurbancc. and rcmobilDalior Thc a$umption has been thal the metanurphish rn the
hinicrland accompanied the thrustingin theforelandilhus, the 1$o responscs were genetically linked
I l  {as th is !ssumpl ion that so hear i ly  infuenced edr ly nodels such at  thot  of  Vis.h (1960) and Pr ice
and Mouni loy (1970).

Palcozoic and brer Mesozoic rock s are clearly hetamorphosed in Canada l Hynd man, I 96E), and
Plleozoi. ro.ks are invohed in Nevada(Mis.h, 1960) Fron regiona I relatio nships 

'n 
Canad a, somc oj

the melaftorphism is Paleo/oi., and dost of n is at least as old as Middle Jurassic lwhcclcr and
Cabrielse. I 972i Brorn and Tippeti, I 97E). Ironically, recent work in thc southern Rocky M ountairs
of Canada suBgests thal mLrch oflhe polyphasc dcfonnalion and metamorphish so.hn.a.te.istic of
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rheShuslapre.raneisr ' .e- l -areJurassic(Bn)un. l9r8;whede.andCabrielse,J9T2)andthus.ar ie l

than rhe well documenred Lare .lurasic ro early Terliary lblding and thrusring to the east. Further-

lrorc.lhc nrcrcasin8 cvidcncc thar lhc m)lonillc mclamorphism 
'n 

Unxcd Slalcs core complex* is in

taf t .  aI  lcasl ,  Tcl iary (Complon and olhcA. l9]7i  Chcnc!.  th js volumc: Rchr ig and Re!.olds.  i917

and Ihis lolumci Andcron and othcs. this volumc) ard hcncc much /a/.f thar Scricr of Laramide

thnuling has cloudcd ihc i$uc of a gcnctic link bcr{ccn thnNling and lreianorphnm more Iha.

InA zonaandSonora.thecomplcxsarcnoi i r ra"hinlcr land bchird! thrustbcl l .bu1!fc in iact1n
the midst  o i  e La.dnide beh oi  defornat ion,  a l though ofa l rmeuhat di f ie.eni  characler f .om the
rhin skinned folds and rhrusls of  Sel ie.  t -a.anide age to the no.th lDavis-  1979).  I  he defordat ion in

the south *as.pparent ly deeperseated and invohed both basenenL and coye. rock Fu.the.nor,

Laranjde leclonic l taturcs are dear ly older lhan the.ore comflex metanorphism.nd deibrnaLion.

N hich are supdim poscd on some posrt hrusting I -a ramide plurons and even on nidd le ferriar! ! luro ns
(Andeso n and orbcs. I hs \ o1u n.i Rcy.olds and orhers. 1 9r 8i Reyno ld s a nd Rehrie. t his rolurte) As

s thc case Nlth so many olhcr rcBjo.alaspecrs olCordi lhran melanorphic conplexes. lh€ Ar i ro.a

Sonor. cxamplcs sho! a maior dcp.rlufc liom rcl.lionships hislo.ically so suCg.sli!c 1o Ihc north.

I i  N-,ada the o. ig inal  batr legrouDd of  nelanrorphisn and drrusl ing in the Cordi l lem rhe
rclat i inr \h i !sa.eless. lear.MiddleMe$Toicmetanro.phismhaskrngbeenadrocalediDlhehinter ldnd
(Misch. I960) and certainlr  d i feded the Ruhy I lange ( l loqard.  l9r l  and this rolunrer Snoke. th is
rolum4 and p()bdbl t  rhc Sndke Range as !e l l .  I lo*e\er,  th is js aD older melamorphisn and is

observahle only deep in the.ores oi5ome oi the complexes. Suter imtosed on rhjs ear l ier ,  gereral l !

stecle.  fabr i .  i \  the 1ater.  \hal low-dirpingm)' loni t ic  labr ic 5o.ha.a. ter ist ic ofrhecomple\es th.oush-

out then extent I he lrLe metado.phi\h and associaled defo.mdln,n a.e ar issue here. Their effecr\

xppearto besuper inposed onplulonsas!ounga\ iddle l  er t iarr  (Co dpton and othe.s.  l9rT). thus

onrch younecf thrr  lhc Lalc Jura$ic 10 Larc Creraccous thrusi ing in the Scvjer rhrusl  bcl t  01 cenr.al

Thcassumptionoiaeenct ichnkbciaccnthcrhNstbch!ndthccorccomplcx$hasplalcdanothcr

si .Eni l icantfolc in in lcfpret ! t ioDsofrhccoDphxcs Thc arsu mcnl has hd thc d ist inct i !c dccol lcmcnl '

$dicc and i ts associared mrloni t izat ion 10 be idcnl iJ ied $i ih thc basl lshcar planc of ihc rhntsl  bchs
(Misdr, l960).This intcryfet l t ionhasbeor lar jabl t i r lokcdinldlho(Ht,ndnr lnandothcrs.1975), in

}rcudaand weste,  n Utah (Misch. 1960r I  rose ard l )ane\.  1973),  and i r  Ai  inn,a ( l )Bles.  1976, l97lJ) .

Ohrbusl ! ,  the Lh.u\ t ing would ha\e to be ofSel ier  ( l -ate.rurassic to I -dte C.etxceout age in Nerada.

ofSer ier l -aradid.agen' ldaho.andol l - . ramide(Lar.CretaceorsroEo..ne)ageinArizona Ihe

lacr rhar lh.  dccol lenenr sur ince and the myloni t ic  dcformarion associaicd s i th i t  arc now kno$n to

.u( rocks as yor.g as ear ly to niddle Tert l . r !  i r . l l  rhese regjons casls son. doubr on ths

in(e.prra110n (see Fig.  51.  As a resul l .  some sorkers harc more Ecenr ly a18!cd mod. ls ol  muh'plc
(hr lst ing (Drewcs. I916. I978i  Thom.r.  l97l)  ardror l r jddle T.r l jary Cf l rxat ional  s l ld i r .e on a

dccol le l r .n l  sur lncc or ig inal ly mad. dur ing rceion. l  lo* aneh thNst lnS dur i r -q Scr icr  or  Laramidc

I imcGccdiru$ior inCoDptorardTodd. i9 l9,andCri l tcndcn, I979) In somccascs al  lcasr,  thcsc

nrodelsseengeon,el . ical lydi l f icul t  Annstrons( 1972).  iorexample.  has argued on seomel. ic s,  ourds
thdt the de.ol ledent ! r fa.e iD the Snake Range ofeasie.n \e lada is unrelated to rhe bd\al  \hea. ing
plane of  Se\ ier  thrusts ro the edsr (Fig . l ) .

In an! e\enL. the debale c.nce.n5 uherher rhe.haracrernr ics so typical  of  the core conpleres

nulel!. the de.ollemenr surfa.e. rhedislindire nyloniti. lo liated and lineated fabri.. and younger on

older "tn!ht ir iI[ cover are genetically linked ro reSion.l thrusling o1 Mesozoic early Ccrozoic

aee. \o one can denydeiornat lon and elen metamorphisn ofSevier and, or Laranide aee i .  some of

rhc rcBioDs no{ occupicd bycorc comple\cs. Whar is daimcd is thar lhc younCo liatufcs iypicaloflhc

compleies are supenmpord on earlicr labricsi that thc younger leatures afe probably. ior the most

NW
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Pa.!, ofTertia.y age; and rhar ftey are unrelared 10 the thrust beirs ar least jn anv direct wav
B".d - .e the co,e combte\ ' .  drc cted, lv.  .n pd.- .  or  .hernat or:ein.  d inr :bur on ;r  masma.i .  ar  r i ,  J

is of interest in discusing lheir evoturion. Compitatons of Mesozoic_early Cenozoic magmatic activjty
reveal considerable complexiryin borh spaceand time. ThisacrivityencomDasses the entire Corditlera
lnd.rreadJ o\p "  rar  grearer re8 on r lan the ,d.her mro, ctr  o.  .  omplere.  , .  de|ned h(re

The main result ofthis magnaiic activity was the eventuat emptacement of a dassive Cordilleran
balholilh system comprising rhe Canadian coastal plutonic comptex, the ldabo bathoijth, and fte
Sicfta Nevada Peninsular Ranges batholith in California and *estern Mexico (Kine, 1969). These
bodies are not atlthe same age. Furthermore. with the exception oflhe Idaho barholirh. all are well
$es1of1he belt ofmeranorphic core conllexes.

Leserplutonicbodies exrend eastward across th€ Cordillerainto. and even easroi rhecore comDtex
beh. In Canada, rhe Omincca crystaline belr has plulons of Late Juralsic and Creuceous ases
'G"or ie. . !  dnd Ree.o .  is-4, .  n o\r  ot  shrcl  c.ear.)  c,osc ,1e nerdmo-ph,< raOnc..vprcat or i .e
Shuswap tetrane (Hyndman. 1968).

In the United Slates, the Washington and tdaho conptexes are superimposed on. or certainly
co-exiltenr with. the main balholith bell (Miler and Engels, 1975). Farther south. in Nevada. the
complexes I'e well easr of the balholirh beh, but wetl within a ficld of scattered Jurassic 10 Late
C.€laceous plulons. Thes€ easrern plutonsareperhaps beslexplained as scatrered intrusjons Darasitic
ro hc mxr-  barno l  b ' l r .  l  hey $ire cmbtd.  ed 

"ne, 
e rhe) dre e lher o) Benerdr.or t ,  om deppr h\e. .
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M e s o 2 oic -  Ce n ozoiPrecombridn UpperProterozoic-
bdsemenr towerPdl6ozoi .

c ldsr ic ro<kg

A

B 9 60 km
-ligu.0 3, TRo contrrsling interpretarions ofsbuciurefron the Snah Rangc, Nevadr. to the Wsh Wah Range.

Urah. brvd unsrr id b\  qrm{rongrtq.2, . r { rDc.D5eltedrh.un_frutrmodrt \hor ingt^ura, , i . r , l , ,u.r ' in

,rh rhe Snate Rrngc I  hh interprerrr ion rr .  fa\or.d bJ a,mvrung. the snak.
nanA. dcco'em.nt h nor cun'ecred to rhe \errer rhrun Lurh, bur i\ inrerp,cr..d a\, I(rtiar' den;dar,on r,utl(Armsrrong, teTt) offthe snake R,nce core comptex. (B) sh,'o* rhrud_ilulr noder rhar 

"i,""*i, 
ir,".s,,r"R,nge de.ottrnent rlh Sevier thrust faultr io thc east. This interprctation us favor.d by Ho.;;;;;;;;(;;;
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ol lhc subducted slabs of becausc oliransicnt variable dips in these slabs. The AriTona and Sonora
conplexes are *ithin a broad belt of mainly Late Crctaccousrzrly Tertiary (Laramide) scatte.ed
mdsmatic activity that swept inboard ffom the Cretaccous Peninsular Ranges batholith along tbe
coast ailer 80 m.y. B.P. (Silver and others, 1975i Coney and Rcynolds, 1977).

In sumftary, Mesozo'c-early Cenozoic magmaljc arc activity sprcad over rhe entire Co.dillera at
one time or another, including the nafrow bell ofcore complcxcs. Mosl oflhe volume of plulons \vas
emplaced *ell west of the beit of co.e complexes Finally. with lhc po$ible exceprion of the Onineca
c.ystaUine belt in Canada. no unique or dislirct pre-middle Tetiary nagmatic ircnd coincides Nirh
the belt ofcomplexes, either in spacc or in 1ime.

R€lation lo Middl€ Cenozoic Te.tonic Trends

Between about 55 and 20 n.l. B.P., a ve.y complex patlern ofpost Lafamide magmaric acriliry
spfcad ovcf thccnlircsouthern Cordlllera (A.nstrong, l9T4iConeyand Reynolds, l9?7i Noble. 1972;
Lipman and othes, 197 I ). The activlty Nas characterized by enormous outbusts of caldcra a$ociated
igninbrites and the emplacement of shallow piulons. 'lhh nassi!e therftal disturbance reset radiomcr
.ic ages o!e.lhousandt ofsquare kilometrcsand also caused nuch low'angle nornalfauhing (Rehrig
and Heidrick. l9?6i Anderson, l97l). The ignimbrilc llare up is very imporrant because rhe core
complcxcs sccm to have elolvedjust prnr 10 and durins the ignimbritc outburst (Coney, 1974. 1978).
What is puzzling, however, is that the ftagmarjc aclivity covercd a rcsion far wider rhan rhal ofrhe
core-comDlex belt itself .

In Late C.etaceous time (Fig.4A), a well-established magmatic arc terfanc cxtcnded from Canada
sourhvard th.ough the ldaho-Siera Ncvada-Peninsular Ranges barholiths into wesrefn Mcxico
(Coney. I976. 1978: A.nstrong, 1974). Aftcr E0 n.y. B.P., ihis La.anide ftagmalic acriviry swepr
rapjdly castward (Coneyand Reynolds. I977) ac.o$ the so!thon Cordillera. ihenexringuished north
of Arizona, cxccpl lbr very scartered activity (Fig. 48). In Arizona and NeN Mexico (Conev and
Reynolds, 1977) and iD Mexico (Clark and olhers. l97E), lhe east{ard sweep did nol extinguish and
reached neady 800 km inboard by Eocene tine (Fig. 4C). At about the samc time. the entire Pacific
No.th$es1 erupted violcntly with ChalLis-Absaroka volcanism and shallow plutonism (Arnstrong.
I9r4). This sla.ted a rapid r€turn swccp of magmatic activity back acfoss the {cstern Unired Srates
loward the continental margin. The retxrn sweepwas responsible torlhe vastignimbriieflare-up (Fig.
4D) acros ldaho, washineton. and O.egon; Utah and Nevada: New Mexicoand A.izonaiand allof
ccn1ml and Dorthern Mexico (Coney and Reynolds, 1977). Only the Colorado Plateau vas spared. ay
l5to 20m.y.8.P., lhc maematicactility reached the coast and formcd the Cascade nagdalicafcrrend
in the P$ific Nonnwesl, but lransformed roa \lidespread bimodalbasalt and rhyolite phaseassoci-
ated with basin-ranse faulting easfivard and south*ard ( Lipman and olhcs. I 971) ( Fig 4E). There is
considerable evidence. al least inthe Unit€d States, rhat the corecomplexesdevelopcd during this oas-
sive return sweep offtagnatic activity bet{een 55 and l5 ft.y. Fu.rhermofe, some evidence suggests
thar thc complexes north of the Snake Rivef Plaincvolved duringthe Eocene Challis Absaroka ou!
burst (Reynolds. 1977, oml commun.; Cheney, this volume); likewke, those !ourh ofthe Snakc River
Plain evolved during the Oligocenerarly Miocene ignimbrire flarc up there (Coney. 1978).

fhe post-l-aradide !o middle Tctiary is a nost puzzlins rime (CoDey. 1978). The evenrs clearty
followed Laradlde codFre$iyedeformarion, and they seem 1o have bcgun byNidespread erosion aDd
bcveling of Laranide landscapes (Epis and Chapin, 1975). Wirhin rhc beh of co.e coftplexes. thc
relatronshrp to the igninbrites is olten dramatic. In southern Arizona, somcvolcanic ranges are mlde
up ol vasl ignimbfiic sheds whose .adiometric ages are essenrially the samc as cooling ages in
netaftorphicnrcks withintheadjacent core complex. Justwhythe core coftplexes should beresrricted
ro such a naro* belt within th; widespread pano.ama ofienimbriie eruprion is not obvious.
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Relalionship to Lrte Cenozoic T€ctonic Trends

One relationshi! on which alnosl aU ivo.keB are agreed is rhat larcTertiary basin{ange fauhiDg
seems ro posldatc most core coftplex acrivity (Fjg. 4E) ln ma ny areas, rhe sreep btock fautting clea.ly
cuts metaho.phjc rocks, the decollemcni. orcovcr rocks (Coney. 1974i Ebe.ty and Stanley. 1978). t! is
wofih noling, however, that aUrhecomptexe! south ofrhe Snake Rive. plain occurwitbin 4rcgionthal
was aifected by this block faulting.

TNCTONIC SIGNIFICANCE

'fhe tectonic significance of Cordilteran meramorphic co.e comptexes has been much debated
dunnglhe pasi 20yr. Bcfore their significancecan befully unde.srood ir is nccesa.yto recogniz€ rNo
distinct. and perhaps lareel! unrctaled, aspcch ofrheir hisro.!. Tbe firsr aspcct is ihe earlier (mosrh
Mesozoic) hislory of many ot rhe complex es. parricularly those trom $esrern Arizona noI1hwa.d Thc
sccond aspect is tbe eafly lo niddle Terria.y hisro.r rhat is emergine as so imporranr ir all otthc
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coftplexes. at least f.om northeastcfn Washington southvard into Mexico.ln my view, nuch of the

conlusion suiiounding the conple{es has bccn due !o a lack offullappreciation oi these youngcr

Tertiar\, features and inte.pretation ofthesefeat!res to rsrlts of Mesozoic evenl!. l t ras inrelarionlo

rhis that the full significance ofthe Arizona and Sono.a e{amples cmcrged. This happened bccause

rhey are not in the icctonic setting of the hinterland behind the M$ozoic lh.ust belts. shich arc so

chafaclerirric oflhe sciling oithose complexcs 1o the nortb,l'he lacl that the A.iTona and Sonora

compleres so remarkably resembled rhe yoxngcraspecls ofthe norlhe.ncomplexes lent support to dre

8ro{ing .ecognilion oflhe iopo.tance ofthe Tertiary events throuShout the bel1.

ln othersords. there is considerableevidcncethal duch ollhe nclamorphism. deformation. and

thermal disturbance so cha.actetisticoiCordille.an netanorphic core complexes is ofearlyto middle

Te.tiary agc (Fis. 5). In nany complexes, particularly thosc notlhwa.d from Arizona, these marnlv

Te.tiary features vere superimposcd on mainly Mesozoic mctamorphic and delbrmatioDal eliects ol

the t hrust belt Iinte.landt however, most of the cbaracteristic mylon itic fabrics, the dccollemenl 7ones.

and the chaolicsl.uctures in thc coverrocks ar. in parl at least. lhe.esult of€arly to m'ddleTerrrary

I

l

r

l iSnrc S r l i \ ine t rg ' . r .  Agr rc l r r ion.hrp'  in.d. i r rd
CordjllcBn mclinorplic .ore conplex$. Colnmns rs
rul lo$. :  \ ,  nn'rhe.nern l r r .h inArun L\c lLnL c4mple\1.  B.
ldrhn hr 'hol i rh (Err ie i iuu,  

'umnn\ l :  
. .  4 lb ion-Ri l l

Ri ter- i , rou.e (  nr t  ! ,  mple\ :  D. qerern 4r i /ono (Hr ' -
.uvrr conpk\)i E. sou(h Monntains comPler \.uth of
Phuenr\ .  \ r i /nnt : l , r l r l ina Rtnrvnr"ml '1. \netr  Tu..
soD.Ar iTonr i ( ; .So.orr .Nlexico.St ippl tpr i ternis lorage
r!ng. ofplulonic rocks Rirh d,sh patlerh.l lopsignifJ_ing
nt lonrrn gn. i \ r i r  f th 'n \upenrnpo\ed vn rhc nlurnn: \
parrern n ,9.  ' rnge or loner ru mrddl '  T"t i r ' .  ro l , rnr
roclt in yici.ily oI ea.h conrDlexi vc.licrl herrt nrro,
rerrrosonrs possible ase limitr for formli.n olorerpinted
mJlnnir i '  eneF, ic fahr i r \ .unr ' imp^.edon rhe pluron.,n ' l

^rhpr Li .cment t r" ,n. \ .  \uhhorton'r l  hc :  b,rb.d r ' -

'o$ 
i .  anp' ! \ imrt .  n lde'  rAe l imrr  un Inu..m, nr  ̂ r .nrel

rocks over b*onenl leirrne on "de.ollenrnl ' sdrhces- |
m,n,  p l .ce. .  r l ' i \notem?nr i  i iu lJ b '  'ouneer rhar indirsr .
pd.  bur i t  ! ,F u\ur l l ,  bp.ho$n ro be uld.1 th.n l . ' re{
' Ie iarybr\ i . { rngef.ul t ing,Vert ical l ights l ippleb.ndsin
each c.lnmn rre rpproxinalc durulions of mnjor conpree
rioml sevier and/or Larlmid. delornrtion in thnrt btll
, r {  or .  or  in r  n inrJ ul .  

" .p i  
crne core !ompl\r .  \um_

bprcd plurvn.s.  l^ l ln$. :  l . : i l rq Pornr qur i ,  mnn/onnr
(inill0r. l9??)i 2. niddle Crelaceous plntons (illiller and
Fngcl . .  la-r t  I .  I  o.encnlurvn. ' \ . ,1.  R nold.and rr ,  I
R.hrig. 1979. oral connuns.):.1, Billerrool lobc oflddo
bnrtntirh (Chrs. dnd orhere. I978)i 5, Red Buile pluton
(Compbn nnd olhers. I977): 6, Inmiginnt Pnss pluton
((onrrl.n xnd olhes, I977):7, fruscolne sranne (Rehrig
lnd Reynolds, this rolun.);8. Tn.k Pass plutoD (nthrig
,nd ReJnuld. ,  thn \n luner.0.  sonrh \ ' luunrr in.  p lu 'on
(ReJnuld.  !nd Rrh' ig.  th i .  \o lunrer:  10.  ar t r l int  er .n i ' !
(Shalel md othors. 1977); ll. wildtrn.s grtnilo lshtkel
and oihers. 1977i (eith and oih.6,lhis volunre)i 12. I r?_

' l r rnood Sran'r .Lt \ r i th rnd orher ' .  rhF rulum,\ :  I  r .Sier_

rn Nllzatln lAnde6on.nd others, this r.ludo)

G

161
I  r l



i I i5;  =1;r :ger i l  i?c;ei  i ; * f i :  ; i :1e
i : i :6 =21:2
i3:Ei t r6 ; r? i4r
- - ;d; :  +: ;c l
-o-- ;6 

i :_6,1 6

+1+: i  = ; i?cl
;7:-+= a ;gBg
; i+2.  2 z;11"=E33i 

^ 
6q;I

5Ei;5 3 =i t r
; :1=; = ;+i{
E 1a'e = . ,  15 4

a'=gVs I  * : i i
E ' .1 i i  -  ?si i
;7!rr  i+ i l
2-, iE;  ;  ; '€ 5
^: : ;  !  q I  oaq

iE i ; :  r f  i :
:7 iE'+ ; :+€

-  

i  i  ;  I  i  i? e
1)Zz? ==i : -
A d; t  1 :  ak-;

C

o o
o
o
o
c

!
!
o
o
o
f
o

tn
o
o
f
o

o
(o
o
o
I
o

=
o
o
I
o

!

0
D
t
D

oF t0o

2

k>

r a.lT FO

s.v i .  r  Lo ron

ili,::liiir'.ir.,l:l
r 'v i . r  i ; . " ;

5
lE,t=T,l

:iirir:.i!,.iilll

t.

?+! i l i  l ;  i ;  i  i i
i iq ' f i i iAZt ' " -zE

i ;?s* i? i l iEl
i i2="" i i91a; ' .1

?t=il=z?elzili
A;+i7+:1i ! !1
: ,A= r  :??ZEiEI
ii3-1?; 3E a 1i s
: ! i i : ra: i ig l
E;H;q; iE;T; ;
ra;  x: :a+?:Q7
+2q7i:=:- i* ;1E€aEEiEi?;;;:;: ?igiE ;i'a;g iiiEiii iiiii

iJ ;  < <<
- :i.:r.l o-

. . - - . . . . . i . ; . . ,

9o



a

24

In the Shuswap coftplex ofsouthern Canada. sonrclhing on ihc orderof40.000 kn: olnrlanorphic
rock arc cxposed. 11 is lhe largest of all the Cordille.an nretamoryhic cofc complexes, and in rhe
onginal conccptron of the problem. il was the type example and the source of thc nane (see dy
''l ntroduction ' to this rolume). As ourlined ea.lie., * udies indicate that s omc of thc rnctano rphisn is
!s old as Palcozoic a.d mnch ofiL is al lea( as old as Jurassic (Okuliich and orhcrs. l9?Ji Read and
Okul i tch,  1977i  Bro{n and Tipperr ,  l918; wheele.  and Cabrie\e.  1972: Hyndman, I968).  There a.e
dated UpperJurasiclo middle Cretaceous pluLons that c.osscut nreiamorphic focks (cabriehe and

In anv event, the conclusion rcachcd by some sorke.s that tuuch ol1he nretamorphism in the
S h! s*ap te.rane i! at lean as o ld as J urasic is of co nsid cra ble imporlance for tbe Irrice dnd M ounljoy
model relal ing t he metaftorphic hi e and to thc Rocky Nl ou ntain rhrusl bell ro the east. Iheirmodel
in!ok* a nobile infia('uclure that buovantl) rose arrd propcllcd rhe lhrusts lo rhe eart, largel! by
gravily.-l_his nodelhas difli.ulties bec!ur ifthc me1!rnoryhism is ofJurasicage, rhen nost olit pas
orcr before the lhrusling began. Recause ihe me1!morphic hintcrland cxposes rocks on.e deeply bu'ied
and subjcclcd to lcmpcratures of600'C and pie$ures dpp'oachirg4 kb, a postnrctamorphicuplift of
l0 km of morc is dcmandcd. An uplift oi this hagnitude, particularl!, over a rceion as lafee as lhe
Sh u$!ap conp lex, is n ot cas! to cxpl.in. I have areoed ehe*her (Coney. I 9 79) that this ma$ivc upliti
i\ pe.haps explained as being duc to cfustal telescoping in tbe thfusr belr and resulring crustal
thickening in the .egion of the hinrerland mosrly d u rine Sevier Laramid e defornation. _rhe 

uplill may
hale been ako influenced b) Mesozoic tr!nslalion, collhion. and accrLion and by lelescoping of
e{or ic ter .anes againsr the cardi l leran margiD (Jones and othes. 19r2.  1977j  Monge' .  1977i  Dickin
s on. I 976i Co ney, | 978). I u.t he.mo re. somc ol thcsc crcnls ma y o11er an explanalion for rbe p.e- I -are
Jurasic metamorphism and deio.mation oferoi!ing conccm in Cordill.ran rectoni.s.

Thcrc a rc ah o many earl! I e.riaD' ( nonly Eocene) K-Ar apparent agcs associa ted vir h scarLere{l
shal lo* plutons and a { idcspread reserr ing of iyr topic c locks (Fox and oihes, 1977).  Unfonu.ately.
the ase ol the appafent latcr afching ir the three dirtin.tile gneiss domeJ and in thc narow bclr of
late mybnriizalion !longthc cast.rn margin ofthe conplex is nol p.ecjsely knoln Themylonitization
is, however. apparently thc youngcsr of the metamorphic fabri.s ( R eeu. I 970). tn most ways. thc laie
domes and the zone oleast-dippine mylonirizarion mosl.esemble !hose fealures chafacteristic of the
.odplexes ro the rcuth corNidcfcd hcrc to bc mainl! lertiar! in age.

'l_o what deg.ee Tertiary leaturcs simihr to lhose tbund in rhe codptres southrard in rhc Unitcd
States and norrhlestern Vex'co hlve becn $'pcrimposed on rhe resuhs of dainl! Mesozoic cvcnrs
dcscfibcd abovc is not let known. It seeDs, holevef, rhar much of lhe gros netamorphi. and
srruciural charactc. of the Canadian Shuswaf .o,e complex has an ofigin in earlier Co.dille'an
tectonic hjslofy. Thc 1a1cr carly Tertia.t histor\ is still not lully documcntcd or clalualed.

,^ s imi lar  nodcl  o l  crusial le lescot ingand ur i l t  ofrhe l intcr land can bcappl ied in the Lrni ted Srares
ai least as Iar south as sorthern \elada, but ietscopingand rcsultine upliii vere probably les rhe.e
and m oslly con lin€d 10 thc a rca of the Sevie. orogenl in midd le Cretaccous timc (Armstrong, I 968a).
The dge ol the older corc complex meLanorphisfr is nol well-conlfoUcd: il has rraditionally been
desc. ibed as s impl!  "mid-Mesozoic" (Misch. 1960; Arn(n)ng and Hansen. 1966: Afmsrfong, I968aj
Ho*.rd,  l97l  and this \o lume: Snokc, th is volume),  bul  nay be as old ds Jurassic (Compron ard
Todd. I979). Srperiftposed on, or ar leasi larc in rhc hisiory of, rhis ea'lie. nelamorphism afe rhc
shallo{ dipping nylonitic fabrics, associ!tcd dccollcmerts, and relared defonnarion ol uDmcrr
nophoscd covorocks. l hese late leatufes appcar to be. in parr at least, superimposed onpluions rs
younC as cady 1o middle'fe.iia.! ase jn thc Rali Rivcr GrouseCreek Mountains, Kenr Mouniains,
and Ruby NIoulains (Conpron dnd ot ienj  l9 l7 i  Bcst  and orhe6. l9r4:  Snoke, ih is volumei Todd.
this !olunre), and simnar relationships are emersing in Dortheastern washinglon (Cheney, this
lo lune: Mi l ler .  1972i  Reynolds and Rehrig,  197E, oralcommun.)  and in rhe ldaho baLhol i lh (Chase
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and orhcrs, l97E). These elents hare reset K Ar apr,arenr ages 10 as loung as 18 n v' along the Snake

Range de.oUement (l ee and othe.s. 1970: AustronS, 1972) The! havc Produced ticld relationships

such as klippeD of Palcozoi. rocks over diddle 10 upper'fertiafv sedimentarv rocks in thc Rall

River-Crouse Cree k M ounlains (Todd. I 973 and this rolud4 and lo!-angle nofmal laults in midd le

Teniary lolcanic.ocks (Armst.on8. 1972). Coney (1974) inletrcd that mrnor slructures 1n rocks

associated !i1h the Snake Range dccollement verc consnlent liih Arnslrongs (1972) nodel ol

Tertiary dcnudalional faulting in thc Nevada hintcfland. Ali of these iealurcs clearlv predatc lale

Teniary basin{ange faulting (Coney, 1974).
ln Arizona and Sonora, the metamorPhiccore complex* arecleaflvofearlvto middle Teniarv a8e'

In southwenern Arizona, an older Mesozoic metaftorphism is overprirted bv nvlonitjc gnessc

fabfics in seve.al complexes ( Rehrig and Rcynolds, I 977 and this !o1umc). but several of the conplexcs

ofsoutheastern A'izona and Sonora are not conplicalcd by *idesprcad and complcx pre-lerllar!

metamorphism ald deibrmation like those .onplexcs io the norlh Mo'e impo|tul. as already

mentioned, the codplexcs here at not in a hiDle.land behind a thflst belt oianv agc but inslead, a'e

parlly in a belt ofnainly bri1tle, deep seated, basemcnt_cored thrusi uplifts ofLaramide age accom-

plnied by scalle.ed Laramide plutons. Fu.rhermofc. the lvpical core complex fabrict and related

decollemcnts are supcrimposed on plulons ranginginage t.onabou155 ft v. in Sono'a (Andc6o! and

orheN, l9?7 and this volunt to as youngas 26m v.  in Lhe South Mounrains near Phoenix (Revnolds

and Rehrig. this voluhe: Rcyno lds and othcr. I 978). I n thc Catalina Rincon conp lex near'l ucso ! a

complicared history of plLttonisE, deformation, and nctamorphism is redded. but most workcs

nor ag.ee thal features typical ollhe core comple{es throughout ihe Cordille'a arc superimposed on

plutonic rock as )oung as at lcasl 50 d.y (Shakel and olhcN. 197?i Kcith and otbefs. thi! volumc)

From stucturul analysis. Davis ( 1975) infc(ed I eniary movement ofcover rocks down decollemenl

surlaces in the Rincon Mounmins
ll carnot be denied thar the larcr. mainly Tertiarv, olerprinl so ch.r.ctcristic of Cofdilleran

metamorphic core compleres rvas perhaps influenced bv thc preceding MesoToic historv Tbh is

particularly ttre oltlie complexcs iD Nevada and notrbward inlo southernCanada Exacllv}halthc

influcnce was. ho{eve., has bccn ditficult to id cnlilv l-ow angle faults. some certainlv of vounger on

oldcr 1ype, undoubtedly formcd in the hintcrland durine Mesozoic timc. Thev mav have served to

localize ihe Teiti!ry decollemcnts. The Mesozoic netamorphisna.d deformation have al'eadv bccn

nenlioned Perh!ps one inp or1an1 in fluencc was the M esozoic uplift of the hinlerla nd prcduced i rom

crustal thickcning behind the lelescopinB thfusi bells to theeast. This rould petmit thc Iater thcrnal

culninations and asociated plurons ofearly to middleTeniarvagclo likewiscfise higher bclore beinC

lrozen in a .eaclivc endothe.nic Phane.oroic cover' In a.y cvenl the lypical location oi lhe core

conpicxes along thc hirterland bchind the rhrust belt can hardl) be a lbriuitous accidcnl Even r'

A.izona and Sonora whe.e the abore 
'elationships 

did not hold Lhe stNdurallv and the'ftall)

baltered grohd inherited partlcularly f.on Laramide events could have pfepared a wcakened base

ment conduci!c 1o concenLratins the Te.tiary cvents.

Afe the complcxes basically classic gneiss domes (Eskola. 1949)? This question is often asked

Ccrlainl!. somc show cerlain charaderistics ofclassic Sneiss dodes, particularl! thc extreme slrctch-

insac.oss rhc 1or, the ovcrall dodalor archlikegeometry and rhe stecp metanoryhic sradient' There

are, howcver. cenain difficulties. First. the ac!ua1 d oming is aPparcntlva late featuresupeilmposed on

llr netamorphic fabric of the basemcnl. Second. tlie actual structural relicf oD the donics is Ddl

particularly sreat. For cxample. the ampliiude ol mosl of rhe domes is nol more than 4 km in a

*avelength olas much as 50 knithis gives an ampliluder lavelengih ratio of0 08 a fact rcilecled in

rbe univeroal1ow dippine fol ia l ionthal  rarel)rexcccds 20'  to l0 ' ( forexanplc,  se D'eses. I977) lhs

is corsiderably 1e$ struc!u.al relicf than that usuallydepicred in classicgneiss doftes orit exPeriden

1a1or theoretical modeling (Ramberg, I972: Dixon, I9t6) whcreamPlitudcrra!elen8lb fatios are0 25
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to 0.5 or nore. Third, it has already been enphasized in this paper thar the nyloniiic foliallon and
lincalionso cha.aclerislic of!hecomplexes inmanycases acluallyseem 10 diminishandeven disappcaf
do{nward i! rhe basemenr terrane. This argues for .igidity of this terrane in some cases since
Precambrian lime (Conpton and olbers, 1977). lt also a.gues against the deep-sealed mobility thal is
cluracterislic of an "infrastructure and usually ciled as an essen!ial ingredient of classic gneiss domes.

In anyevent, sodelorkers in the Co.di11e.a have iound it usetulto inio.hallyand tentati!ely reject
the classic gneiss-dofte concept if for no other reason than to aid objeclivi!y and idenlificalion oflhe
real characteristics of the Cordille.an.onolexes.

Th€ evidence fo. extension in and adjacent to the conplexes is extrenely conpelling. It was first
ackno*ledged in the cover le(anes (ArmstronS, I97a And€6on. I97q Coney, 1974i Davis. 1973,
1975; seealso Davis and o1he6, this volumc). Onlymorc rccently has it becn proposed inlhcbaement
ilselfas manif€sted in the mvlonitic folialion and linealion

The work oi George Davis (1973, 1975. 1977, Davis and olhes, 1975) 
'n 

die Catalina-Rincon
complex in Arizona fifst sugg€sted this basement extension as a major aspect of core-complex
cvolution. Davis has subsequenlly (1977 and this volume; Davis and Coney. 1979) erpanded these
obseNations in!o the provocaliveconcept that the conplexes are in factdegaboudins. This concepr is
simila. to recent interpretalions oflhe Death va11ey turtlebacks (wright and othe6, 1974; Burchfiel
and Stewarr. 1966). whatever rhey are. the evidence is that they were produced by ertension and
rectonic denudalion. This is certainiy th€ case wilh thc covcr tcfranes. Anothcr eafly suggestion for
regionai extension vas rccognition of nonhwcsl trcnding dikcs culting middle Tcrtiary plutons ir
southem Arizona (Rehfig and Heidrick. I 976). Thes€ dikes arc oriented pefpend icuiar ro thc lincation
in tbe core complexes (Reynolds and Rehrig, thh volume). This cxtcnsion has also bccn rccognizcd
otrtside or adj accnl to thc main corc complcx bclt in afcas of lo{-anglc listfic nofmal faults ihal cut
middle Tcrtiary lolcanic and sedimentafy focks but afe cut by basin{anee laults (Anderson, l97lr
Eberly and Stanley, 1978: Rehrig and Heidrick, 1976j Davis and others, thi! volufte).

ft is reftarkable how many ofthe conplexes ar characlerized by lorver to niddle Tertiar! granitic
p lulons. The lale mylonitic tabrics a.e superinposed on nany of t hese plutons. and evidence suggests
that theysere cooling and srill panlr-. mobile ar the time ofat least theearlierphases ofthe defornarion
reco.ded in the complexes. The Branitic plurons precede. then become intimately asociared wirh a
massive tbernal disrurbance that is nainly of Eocene aee (Fig. 4C) in the Pacific Northwest {Arm
slrong, I 974) and of late E ocene to middle M iocene a8e {Fig. 4D) in the south ( Lipman and or heA.
I 97 | ). fhis vast ignimbrite flare-up has been interpreted as the resull ot the collapse and retufn
(vcstward) sweep ofa previously flatlened Laramide Beniotizone during Eocene through Miocene
limc (Coney and Reynolds. I 977). A s ignificant num ber of granitic pluto ns, particularly the earlier
ones, are oflhegarnet-bearingtwo-micalyper !his iact sugSestsa genelic association between the rock
lypc and theevolulion ofthecomplexes. Perhaps the earlier !wo-hica p lutons were generatedduring
the late La.adide period ofmaxidun flaltening oftbe Beniof|zone shen Farallon lilhosphe.e was
cssentially plaied beneath North Ane.ican lithosphere.

The belt olconplexes has the character ofan i.regula.. elongateand sinuous,large scale pull apart
Tone extendingthe length ofthe Cordillera at least fron southern Canada into northrestern Mexico.
'l he only largc scale phenomenon ihe zone seems to beasociated withis thc fcgionthat lics abovclhc
flaltencd or low'dippine Laramidc (Late C.elaccout Bcnioffzonc which slecpencd and collaps€d
during eafly to middle Tertiafy time. Thc cvolulion of the metamofphic cofe compleres !s eithe.
separate distinct phases or as a continuum, pfobably endured 30 to 40 m. y. between about 55 and I 5
n y. A.P. iD early to middle Terliary 1ime.

Jusl why the complexes formed when they did is not cleaf. The proce$ began during Farallon-
North Ameri.a plate conve.gence al leasl l0to 30 m.y. belore even inilial contact belween rhe Pacific
and Norrh Anerica plates and resulring g.o{th of rhe San Andreas-Basin and Range lransforn-
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