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Nav Huxleo Bureou of Hi~es ond Mineral Resources 

The Rio Cironde rift \lOll largely overlook.ed ns 11 major continuntnl rift 
until the 1970 1 3. Ceologists ln the United States vere preoccupied with 
the much lnr~er l!uin and Range province 11nd vith the southern Rocky 
~ountninu. The pioneering studies of Brynn (1938) nnd Kelley (1952, 
l9S4 1 1956) had uppeared in regional publications that vore ~ener:tlly 
not kno~ outside the southvestcrn United Stntes. Durin~ the 1960's, the 
Rio Cronde rift appeared on maps in 11evural regional !ltudies (Eardley, 
1962: Hamilton and Myers, .1966: Cook, 1969) and voa variously tct'tl:ed the 
Rio Crnnde "rift valluy sy5tem", "rift belt", or "dupression". !'Uln~· 
geologists re~arced the Rio Crande rift as merely a prong of the Basin 
and Rnn~e province. Hol.lever, the paper by Seager and Morgan in this 
•toluaso presents evidence that the southern Rio Crande rift diftars fr.om 
:he adjacent Basin and R.1n~e pro\•inc:e in several icportnnt aspects. 

the aur~e of modern rusearch on the Rio Crnnde rift vas triggered by 
tvo t"I!Vo!utions Ln the l960 1s: 1) che quiet revolution of greatl)' ex­
panded ge,lo~Jic uppinR, cspecial.l:t of '.'olc11.nic fields, and 2) the 
noisy ruvolution of plate tectonics ~ith ita focus on fitting major 
structures into an overall schcoe. !he surics of modern papers began 
~ith Lipman's (1969) cocparison of the c:hc~icnl compositions of basalts 
~tthin the rift versus those on ita shoulders. In 1971, I octemptud to 
define the extent of the rift and to outline its characteriotic features, 
Aho appearin~ in l97l 1.1ns the epic volume on the atrntigrophy of the 
Santa Fe Croup by Coluahn and Blick, 1975 ~us u vintage yeo: for pub­
lic:ationa on the rife, t..lpman and Hehnert described basaltic volcanism 
and development of the tift, Chapin and SoaKer the evolution of the 
rift, Reiter and others the heat flov anomaly associated vith the rift, 
~nd Decker and Scithson n lithospheric: codal £or the southern rift 
bused on heat flov and gravity data, ~oodvard and others coopilc~ u 
tectonic MP of tho Rio Grande region from the Colorado-llev Mexico 
border to i'ruidio, TclC.lla. .Uso published in 1975 vas Ceologicnl 
SocietY o£ America He=oir 144 Cenozoic Historv of the Southern Rockv 
~!ountni.ns vhich docur:~enud the 1:1.1jor role ot: upUC'tiind block ciiU'iti:n~ 
ln shapinR the preunt character or the southern Rocky Hountl:lins. The 
culmination of papers leading up to the international Symposium vnn the 
pnp.r by Cordell (1978) on the regional geophyllicnl aettin11 of tho Rio 
Cronde rift,,, a paper ~hich cnpa nearly t~o decades of geophysical 
•o~ork, t hnve touchr.d only the highlights here: 11411Y significant contri­
butions pertainin3 to particular oreaa or featurea have been made by 
other researchers. 

Another rev•aling vay of meaauring the progress of research on the 
Rio Grande rift is to compare J sympos1o held on the rift during tho 
1970's, unch 4 yeara apart. The first of these conferences vnR the 
Spring Hftetin8 of the Hev Hexico Geological Society held in April 1970 
durins l.lhich 21 papers on the Rio Grande rift vere presented. Tho 
abstracts vere publ:ishad in the Society 1 a Tventy-Firat Annual Cllide­
book (L, A. ~oodward, ed., 1970), The second ayaposium w~a o Geological 
Society of Aaarica Penrose Conference convened by ~indrith Cordell and 
Frank Kottloveki and held in Santa }"e during Ausuat 1974, Thirty-five 



papers vuru presented :o a ~roup ~f about 70 scientists fro~ the United 
States. A volucc of pnpcrs was not published after thiu meetin~ but 
the Penrose Confcrunce IJas ''" icportnnt catal:tot as e•:idenccd by the 
nu:nber of papers that nppcnred durin; the nc:tt tour ycars. ihe third 
:J~':Iposiuo ••:1s the lt~ternation.Jl Cunfcrcnce held in October 1978. Approx• 
L:atoly 190 scientists attended, :s of whom rcprcscntcd lJ countries 
other than the t:uLt.t!c.l SL.tLu~o. Ct~hty•suvcn papurs l.'ere presented of 
vhich Sl vcru on the Rio Grande rift Jnd involved 86 authoru fro~ 28 
Lnstitutions in 14 stnteo and 2 other countries. These fi~urco tell a 
'ltor~· cf accelc:-at:J.n~ research on the Rio Grande rift '.'ith i!l'/olve~:~ent 
of n lur~u nucbcr of scientists froc ~Mny institutions. 

The other part of the stor~ ls the increase in geophysical and ~eo­
chcoic3l studies ••ith a nreat.\!r di'.'croit~ of research techniques being 
~rou~ht to buar on rift problc~s. tn 1970, : of 12 papers were by 
~:uophysicisto '-'hO co\'ured ~rnvit~l, acrot:un;nct!.co, and !lcismicity. tn 
1974, 5 of l5 papers ~ere by guophysicists ~ith covcro~e of ~ravity, 
nuroo.a~nctico, huut flov, scismic:H:t, and seJ.s~:~ic reflection (a prcviuv 
af plans by the ConsortiuQ for Continental Reflection Profilin~:). In 
1978, 2: of SJ ?Upers on the Rio Grande rift wure by gcophyslcioca with 
covcra~u of seis=ici:Y, s~Lsc1c ru£lcctLon profilin~. seismic refraction, 
r:t:a~ ~hadovin~ us~n~ microearthquakes, uurfacu w~·te dispersion, tela• 
sois::~ic dula\', ::at~nl!toteLluric prof1lint1, guoaa~tnc~ic '.'llriution, ilouquer 
.;rnv1t•t, rusi.dual ~ra•:it~:, hunt tlov, ruluvl!lint::. ~eodcs~· •• 1nd co~putor 
~odulln~. 7hc incrcasu Ln ~eochijmical research is also ir:tprusslvc: 10 
pnj)ers at the lntcrnation~l s:.-:~poaium dualt ~inl:: ••tth chemical und 
isotopic studies ot' ·:olcunic roclul ulong the Rio Crande rift, An addi· 
t!onal 6 pnpcrs ~eportcd the results of gcochc~:~ical studios on onntlu 
and crustal Xl!noliths. Attccpts wcrl! madu to codcl the litholo~y,tcm• 
perature ~radiants, Juqreo of partinl colting, ~gnitudu o( m~ntlu 
upvellin~, and state of Ytr~ss in the lithosphere bunnnth rh~ rift. 

:n 8 ycnrn of intensive rusearch the ~io Grande rift hau cvolvud [rom 
a lnr~cL:: unknoi."O structure to one of r.he bcst docuccnted con:incntal 
rifts in tho ~orld. R~uearch vill not slacken ~ith publication of this 
voluoc. rhc nexc few years ~ill brin~ i~portant new discoveries nnd 
concepts in an endeavor which ha~ become o fine cxnople of interJlnci• 
pllnary research. 

·rhis \'olw:l! ccnta ins ;1 spuci3l c:olluction ot papers ~ulccted !roo 
:hose presented ilt the lntcrnationnl S)'!llposium on the Rill Grnnde rift 
held at Santa Fe, :ruv Hmcico, in Octobl!r 1978, !he S::t:tpo!ILUt:t ~no spon• 
:1orcd by \Jerkin~ liroup 4 of the I.nt:cr·Union Cot:::~ission on Guodynamics 
and 9 ocher ors;l1nil!3tlons vich Los ,\l.:ll:los Sdcntific !.uborncory no host. 
Eophasis of the pro~rao 'Jas on tcctonicn and Coli('Cl1t1so of the Rio Grnnde 
:-ift, Tvo previous public3t1ons have resulted froo the meetin~: l) n 
?rogrno .!!n!t Abstracts 'Jolume published as .report l...A-7487-C of the Los 
Alamos S~ientific LaboratorY, and 2) a Cuidubook to the Rio Grande Rift 
!!l ~~~Colorado ~oopi.led by J, ~. Hal.'ley RnJ publiiiii'Ud"no­
CLrcular l&l of the NciJ Hc:tico Bureau of ~inus and Mineral Reuources. 
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::~ ... ~~f'!~l.c:o !l'JrlhiU o: !\l.ncs .:~n:i :\l.Mrill !'.~:sources 

3ac:orro, ~ow Hu~ic:~ ~7801 

':'he purpose o! -;:u:~ sur.'.r.ulry ~!l to ;::ro•.'Ldc c1 c:onc:t:~c o·:~r·acw o!' 
~he Rio QrJndc rL!~. r~r dctill.l9 ilnd other intcrprctiltL~n~ oec th~ 
~ndi•:idui11 ;:.1pcrs J.~ >;hi:l ~·oll.l.':lc, rea1on.1l s;•nthc!ICS IJ:.' Chilpln .1ml 
Su.:~qer !1~75) .:~r.d C;rdcll (1~78), and Cuidc~?K !£ ~ ~ ~ 
O:L!t ~ ~ ~ ~ Colorodo c:c:::piled Ci' Ha..,lL•'/ !l97Bl. 

~i!tLn~ ccciln cotwcen J: and =7 ~.y . .:~qo wh~n reqLonill ~:xtcns1on 
t"l!actl.'.'ilt~YJ t;hc scutnum F.ac!o:'/ !·!ountillns, .:1 ::-.Ajor nor':h•trl!ndir.q 
:one o! ~f'!~kncss :nlt hild dcveloFod durLnq l.1tc PJleo:oLc Jnd late 
Crctacoous-carly 7~r:lJr'l oroqcnlc9. ny 2~ ~.y, .1qo, :he crust 
llonll ':.he dc•.•elocLn':! :'~~':. l'..ld Sl<Zaed uuHic:iun-:.1·,- ':.o !or1:1 ::ro;~d, 
~~1..:1LJ.c\! ~ .. ,nl..~~ !~ 'A'!'\l~h ::1.:t~i~ !!~·.Jr. ..1nd ._..,l~.1n1.c .l!!h bode · .. ·.~r•! Ln':llr­

:.lli!tcd with illlu~l.al !!!1. ~rosurYiltion within ri!: ~.1~1n~ uf co~­
plQto ;:r~·rl.~~ volc~n1c ~ccticns and n~rly•rLft volc~nLc·alluYLal 
~ccticn:l oli~inatos r~aional dc~inc as an early rif~ ~recess. ~~ 
tho rl!t ooqnod, ~= broke on ~ch~lon acr~ss a series o! ncrthuost• 
o~nd \olo!lt·noro:h•,..ost·':.r•Jndinq !l.1.,.s ~o~hich appoar o1s li.ncarnen:!l in the 
1:.uom11nt ':f'!::or.Jnu o! tho sour.ncrn Reel-:'/ ~!ountaLns. !lc1si.ns 'ornL::Q on 
'lP~! i :o sides of U.nua:nent::: tended t:c ac•telop oppos in~ :j'::o.:::no:.r J.o:~ -· 
hlnqod en tho Wf!St '.''lrsuo hinqed on :ho ec1st. con~~equentl'l• those 
portions o! Linoar.:ent:s conne<:o:.l.nc: t:ht.! ends of stoqqcrod !:::.l9ino ..,,1rc 
subjected to a sclssors-like o:.orqu~ in the b~i':.tlc ncar-surface rocr.s 
,,nd to a trnns•torso shuar at depth, ::oar-sur~acc :~trilin alonq these 
:rans•Jerso s:ruct~ros has !Joon roll.a•.'o-.1 m.linly b;• .:t complex into:· 
M!lhinr.; c! r.omnl !a•Jlts o~ op~O'Iinc: sense r.:~ther th~n b·,· !l'!rD:c•"llip 
~Jultinq, 7!-:e dae;:ly ;.llnotr.:u:inq troln!I'Jar!lc ntru:t::lrc!l h.l'lc t~r.d~d 
':o Leak t::.l'lt".AS nnd :c l:o :ones of hiqh hoat flo~o~ anr.i C!oothem.:li 
\C:ti':1'!'t'• ~l!c ChJpl.n ot Jl. il978l for J r:'.!lp sho~o~lnq :::a,or llnc.ur:ont:: 
:r~nsoc:t~d by ':.he Ri~ Gr~nde rift o1nd !or ~eoloqic.:~l dnd acaphy5ical 
Joci.U:u.mtoltion o: ,, :r.lns·.'~H'!Ie l'hollr .::I'Jnn ilt Socorro. 

7hu n.lln portlcn o! the Rio GrMdc rH~ co1n bu di•tidcd into tnrco 
s.,q:nont!l, uach wLth Lt:l ll'.tn structural ct'(le ilnd histor't' but \o/Lth 11 

';or.".mon th!'eild of ::O.Ajor 1:1'/ent!l ,\nd tir.linq. ':'he northern !H!t7t.~ent. 

t.uad•tilto ::o Alamos<'\ !riqurc l), bcqan to open about 27 :n.;· . .:~qo 11nd 
is ch.:~r.:~c:tcri:od byr 1 noc>:.h·nor~hwest trend paralleling the late 
raloo:ol.:: and t..lr\\!:lida struct~rAl qrnlnr a neAr abnenc:o of n~·nri.!t 
'Jolc:nnl.s::l in tho nxial b~sl.nsr and a shift 1l'l ~xtcnsion .lway from the 
Jxi.al grabens into o1 brond belt alonq the oJst shoulder of the rift 
lTwuto. thl.o •:olUJ:\ol. ':'he axl.al qrilbon s;•stom tnpers noreho,•ard and 
t'incnl!!l -:JUt ill:Out :!: :o<.:'!l north of Lcnd'.'ille. !::<tension continuo!! 
north.,.nrd to Mar ':.he W~·ominq border cl!l n bread :one of block filultinq 
( ..... eto, thLs 'lOlUCIOI. 

The ccntrill soqrnent. Alamosn to Socorro !riqure tl. is chnrnctcri:cd 
by a north•northoast·trendinq serioo of on echelon basins oeparilted by 
c:omplux trannverso stroJct:urcs. >his soqment. tnwcrocs un area of 
no.rthcant•t:renct1.nq b.lsoment: Unoill!lontn and crosses L4•l.B b.y.•old 
Pruc:al:lbrl."n rocks Olcdqe e!:. lll.. 196Sl ln tho nor~h and 1. 3·1. 5 b.·,.· 
otd Procamerian r~cks (White. 1~781 1.n the south. Except near Tuos, 
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tJ.ul't"•rU::. ~.,cmntisrn wiln ro~,\ti'.'lll't Yparnu wlthi.n thi:J SP.~mcnt, 
but Lnto•t:l.f': bl:no<i.1l '.'Olc.1nl.srn Wclb •.•oluminouu. 'l'he Jl!mu:: ll.n­
n,,munt .:tncl tht.! Tc1011 rlatutlU h;Wil buun uspuc~tlll'/ ncti\'c dur.l.nq 
';.~11.! pnst t; rn. y. 

':'hi! !louthcrn Yw.:mt>nt, Socor!'o to El i'a!lo (fiqurc l), hus 
•tndl!nlon•J thu mo:~t l!!(turHI ion a :1 .,v idunct>d b·,. ehu w tllun1rnJ o( ~hu 

rL!t nonr S~corro into a north•trend!na sor1os ot parallel b.1sl.nu 
,,nd l.'(lmtcs w~eh .1 ~o~.:~l wLd~h .11xlu: ~.s tirnos th<lt oC till! l.,rqc 
glnql~ basins :o the north. ~hn ri!t ;~l:~o bLeurcntes ncar Socorro 
... l.th .1 we.lkur .u·::t lt:.lle 3.Jn AUC)Ustl.n rl.f':l !!:<tending :louth•..-cst.,..ilrd 
-1lonq the Moranc i linoa~:~ent into Ar l.:Oil..l. 3atwcotn th!' S..1n Auc;uattr. 
;)rt:l and tho !leUthcrn !ll!qmoltt of the r:u~in rift i:l ..1 tritlnqul;~r nrl.!ll 
.1bcut SO km on ;~ sido .,hich hi\9 underqonc moderato to cxtrumo (> ~0 

p••rcuntl cruutul ,\ttonu.ltLon nnd '.'clur.:inous cari'l•rift .:111d l.t~a-ri!'t 
~actmutiS\!\, ··~ornl.no•st','lu" n.:or::~ai !J•Jltinq <Ch.tmburlln. l':'7£JI .u1ll 
10 to •)0° cf rotat Lon of carl•,• .'~1occn•! and older u::r:to:a is cor.:::-.on 
'"'lthin ~hl.!t trl..:1nalo, whtn:twur Lntr.u.if': hor!ltll cxpouu the floor 
of an e~rly rL!t b..1~!n. A similar ~tructur.ll style is present Ln 
tho Rincon-Radium Sprlnqs aruu nor':h of L~::l Cru~u:~. The Socorro 
~runczlc ls blsocttXI b~· il nor::he.J!Jt•':.rundinc; tr.1nu•t•usc sheur ::or.c 
1crous which the sensu or rotation o: ~trtlt.l nnd no~l !aut=!nu 
·:n..lnutJ& 180° •• \ Luae, prescnt•dil'!• Hll·lLr.u maqma bod;• ,,-;: ::nd· 
·:r'.l!lt.ll u•JPths o: 1':1 k::~ UUncMrt:. ~~ l~ •• ::us •:.,iut:~o) undu M.s~nn 
':.hl!l transvurse !l:.r•Jceuru .tnd iu .spp.u·unt:l~· ll.!tllr.ina 1:\.lQ::I.'ls illonu 
i.t to fot"m sh.:~llow rcscr•totrn. 

RHt:.in!) boq<ln al:out 5: rn.'r'• o,lriiur (32 ::~.·1•. I ln the 90l!thcrn 
:lt!Clr.tont of the Hi:! 1.;rando ri!t. 7ho r:hJnqf! co bir.~od.,l ~·olciln!.sm 

occurred Ollar the boa1nninr.t ot .1sh·!lO\o' m.taNti!lm l.n ~he 0..1':11· 
~loqollon Hold u:lRton and Dornhcr.!l:, this '/Oll.lr.l!ll in!ltO.ld of at 
o:ha und .1!1 in thu S<ln Juan ::1uLd IL~}:r.t.ln •:t :~1.,, 1?7tll .• L<I!'')" 
•:olumos of bilslllttc•andusitc 1.w.:1o \o'ith hiqh initlill Sr 1

' /Sr'' 
r3tios (0,7CS5-0.,090, Stinnett and stucb~r. 19761 dro Lntorb~ddod 
. .,.ith hit~h·llilic.l ash•flow snouts dated at J:! to ZG rn.;·. in aql!. 
llasnltic tlt\dasl. ::c ~·olcaniDm cont:inut..U to about ;:o rn. y, .1na "'"II 
!ollo.,ud by a lull in ma~ti!lr.l botweun about :!0 nnd 13 m.~· • ..1go. 
,\ similar II LoltU!I o:c:currcd throuqhout tho tntomountll.l.n West but 
\ololll shorter ln the Oa!lin .. md r.anr.tc ~ro•ancc (B) (:l0-17 ::1.~·· I :·:cl:ou 
•Jt al., l'?'?Ol. Following '::he middlo Mioconu lull. !JU:Iodal ::o~a-

:'l.tti!ll:l ;:hanq~ '=" a bn:~nlt-rh~·olito suit:c wu:h low inlti.ll SrP/srH 
:-.Hl.o!l lb.:~ unit., o. ';'OJ<I-0, 70511 rn•,'oli~o. o. 7048•0. 7070). ::·:urs::m 
·lnd SJ.l'.•ur (this •tolurncl reFQr!: hiohli' radioqenl.c rock leadu !l~m~tar 
to those ot ocuanic iul~nds 1n Plioconu nnd Pleisto~cn~ b~ualts of 

HWT E\'OLl.:TIO~ a 

~he southurn soqmont and sua~ost n deep ~ntlc up~ollinq. Tho 
~tructur~l chnractor.l.nt.ic~ c~ thu southern seqrnunt and lt9 ma~~tic 
u•tolution support thol.r conclu:~ion. tn c:cntrnst, 1114lqlll<l source r•!<tions 
ln tho cui'trnl and northorn soC]lllont.s rcmnintXI in tho Ut.houpheru 
throuqhout r!.ftinq tl!l o•Jidcnc11d by tho lac:k of s•,•stcmntJ.c: chumic:.1l 
ch.:~nqes botweon earl't'•rift ..tnd !ol:e-nft: rocks IL.ij:!llan ttt a!., 1970: 
B-tldridqa, thio Volut:luJ WULL.:uns ,,nd Hur:h•,·, 19'8' Cunqan ot nl., 
1978). i'he tr.oru s1Hcir;: prc•rl.ft: and earlj'•rift rocks of tho :Jouthcm 

r lq. J.. Shaded raliof rr.Ap of tho Rio Cr;~nctc rift. t. • t.cadv illc, 
A.l. • Alamo~~. SJ • S4n Juan voLcAnic fluld, T • Taos, J • Je~o= 

•tolcanic field, ,\ • AlbuquerC[\Ioo S • Socorro, Sll. • Slln Augustin rift, 
0~1 • C~til-Moqollon volcanic !i.uld, l.C • t.a:s Crucuu, tl' • E:l l'nso. 
~lodHicxl from cover of He., He:dco Hurcau of Minos and !-!inurn.!. Rouourc11u 
Circular 163, 1~78. 
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sutmcnt ;,nd thoir hic:hcr 1:thi:1i Sr 1 ~ /Sr" r:stion pr~b.:lbl•,' roClcct 
d lf!cr'!!nccu ln :ltll! o~nd co:nPJUitlon of the Procal:l.bn.lll li':houp\11!1"•! 
botWt?l/n th!! l:.lo'O lH'!!II!l, 

'.'oLc:1ni:un illonq tho R10 lo.ir:~ndc rl.!t incruast..>d :~lowl•t .aftnr ';he 
~iddlo Mlocono lull 1:0•13 :n.y.l with actiYLty conccntr:ltcd ini• 
tLJlly in the Socorro tri~nclc and the Jomo: Hountainu where thu 
rift tr:~nuccts ::1.1jor n\Jrtheasc-trendin~ linec\ll\ent:s. :'he southern 
~ocl<y ~ount:~ins .1nd o1djace:1t arcns wt?ra ntronqly uplifted but\o'oen 
<lbcut -: ilnd <I m.y. ac:o. :ot.l.l uplift uincc ::Hdcllu ~~1-:x:eno h•l:l b•!~n 

about 1100 m IAxe.lrod .1nd Bailey, l')7G), much o~ ·o~hich probabl·,. 
occurred dur ina thi!l br !!!! intcr'.'."11. Th!! upli!t is prcbabl y duo 
to mantll! up...,f!llinct like that documer.tcd !or the Great ll.J!l in and 
lldjUCCn!: ArCC\11 b~• r..1ton II'! ill. (!.n pro!lB), lllock f,lUltinq olCCI'Jr.l• 

panyinc: cpelrcaen1c upli!~ di!l:-uptcd the enr!~· bro.:~d biulln!l of' :hu 
IUo •,;rnndo ritt ,,nd ~or:!lucl o:.ho r.:odurn topoqri\ph't'• ow~th narro~Jor, 

:nore 11h.1rpl~· d!Jfint.-d b<ulns. ?relirninary colculati?n!l bast..-d -:>n 
dotloc:icn of lincru:wnt~ 1ndlc.1to c1 ::ot.:tl uxtension ,,cross thn fl.io 
·Jr11ndu rl.!t or lOC·150\. rhesu fiquro!l .tro an order of mc.onituclu 
lo1rqer tr.:~n prcviot.l!l uflti::~a::us, l:ut thci' o1r11 c:on!listcnt w1th ::~o 
;l'J4nttt.l.<'9 ot.' !:.'I!IAltJ.c :::acr.:~a tl'..lt r:unt be in,cc:tad lnto thn ':l."U!Jt'. 

o:o rMlnt.lin tho hua.t fb., MIOII'Aly (,\, ! ... lchunbruch, l')7n, or..,l 
::::::-~lUll. I Jnd to I!'Xpl.l!/1 :!'le reslCU.ll 1-0!Hti•.•u gr.:S'.'lt',' .ll10r.li14/' JlC11ct 
:hu ri~t .1x1s !Cocker and S~Lthson, 1975: Cordcil, 19781. 

::nere4sud r-".lnoff ~:or, ncwl:· ele•1a::od ,llpino roql.or.u int.cgrll':.l!d 
tho d::'.lin.:sqo to ~om thu anenstr4.L P.J.o Gcandu pr J.or to •I m. y. ullo. 
Wldespra4d ooomorphic nur~.1ces, qrnded tc the ilncustr:~t Rio Gr~ndo 
.1nd l :;g t;r ibutn: ios, bcca.o:~e tn.tntled 'oli th b.1sal t !Lows to llow~nq 
'lhtlt'p olCC:elcr.l':li'JO o£ b.tSIIltl.C 'IOL>:AOJ.Hm llboUt 5 ::1, 't• oi!JC, l.OW~t'ill<l 

of bo1su ~t!'I'Jld !ulluwi.n4 co~pturu oC. thu 1\lu Gtoluuu nt El Pd!lO duri111.1 
~l~d1a Plu.Ls~oceno til:\o (Kottlcwuki, l9SBl re,ulted in disuuction c! 
b.uln!l .llonq tho Pio Grande dr.1inaqc: 11nd iuolati.on oC baual.t·Col(JfP.d 
mesAs. i:p~l.roqcnl.e upli!t h''" continurnJ sl.nct~ •I l:l,i'• !lqo but at a 
reduced 1:".3te, P.l!':ina cont:lnuus t:odny 1111 ovl.clcnccd b'! ,,lJundant: 
f.1ult scarps cuttinq Plcistocl!ne doposi.tg, hiqh heat flow, modern 
elevation ch.lnCiu!, r.~cc!P.rn r.o.olqm&l bo<!it's, .:and qcoph~'Gic<~l l!'.'lduncc for 
.:.ncr.o~louu c:uu~ and upper ~ant!o ccnca':h the r!ft:. 
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